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OLIGOCENE EVAPORITES IN CENTRAL WEST CARPATHIANS
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Abstract: Presented ave lithology and strativraphy of Neogene, Paleogene
and Cretaceous sediments in the cross-section through the deep borehole GK-4
near the village Dzovik. A new occurvence of an evaporite bed sequence is
deseribed in detail. From the view of petrography it is a sulphate-carbonate
bed sequence sedimented during the Oligocene, in a period of comparatively
arid subtropical climate — as indicated by palynologieal Tinds.

Peawme: B pafore nomaerca JHTONOIMYECKOE M CTPATHTPAQUUECKOE OMIICAHIC
HEOTEHOBRIX, MANEOUCHOBRX M MENOBLIX OCANKOB, HanecTHhix u3 npofuns rayboxoit
CcKBaXKMHBI npy cesienny baosur. [letanpHo onmcano HoBoe TOABIEHHE 3BATOPHTOBOTO
cnoa. Ilo nerporpadmucckud HaHHEIM peus uuet o cynsdatHo-rapGonaTHOM cioe
ONUTOUEHOBOrD BO3PACTa, KOTOPLIT OCOMNANCH BO Bpesa cyxoro cyfGTponuteckoro
KJIHMATa, 4T0 NOATBEP:KAAIT M NAJHHOJIOTHYECKHE pPeayabTaThl.

In Slovakia. most important are evaporiles in Permo-Triassie series ol the central
West Carpathiams. and in the Carpathion and Badenian ol the Fast-Slovakian Neogene
Basin, Recently, evaporites were also Tound in the basement of the Neogene Tilling of
the Viennese Inner-Alpine Basing in the Senonian mantle of the inner Klippen Belt
(. Jandcek V. Simdanelk 1969, Owing to the rescarch in the deep substeatum
ol the Central-Slovakian neovoleanites. a thick (143 m) hed sequence ol earbonates,
claystones and sulphates was bored o about 1000 m depth near the village Bzovik
thorehole G-IV, on the noethern foothill of the Keapinskia vechovina, Inoits basement
are clavstones and sandstones of the Central-Carpathian Paleogene and the Upper Crel-
accous ol Gossan Tormation, The hed sequence is overlain by Otnangian clays, Car-
pathian marly-clayves silts and by o voleanie-sedimentary Badenian bed sequenee.

The authors treat the lithology and steatigraphy of Cenozoie pre-Badenian sediments,
mainly those of the sulphate-carbonate bheds ol Lower- 1o Middle-Oligocene age. as
proved by palvoological examination. Pollen analvses also served 1o determine the age
ol underlving and overlving sediments. Steatigeaphically docomented microlfauna was
only in Carpathian sedimentss while in evaporite beds wias only resedimented Crelaceous
microlauna — as stated by Vo Kantorova (19700,

Detail petrographical. mineralogical and chemical characteristies of the evaporite heds
were given by Mo Markova and R Meier (1972)0 so here only the most impor-
Lant statements ad o breiel Tithological characteristies o the underlving and overlying
sedimentary rocks will be presented together with theie palynological evaluation.

Lithology of pre-Badenian Cenoszoie sediments
The borchole GI-IN was situated o voleanie-sedimentary continental Badenian heds

extending 1o 790 m depth. Between 790—=882.50 m is Carpathian vepresented by
il ﬁl'lllil‘l' I-:ll'il'.\' Et”'l i” Ih{‘ Il:l.\':ll I):l|'1 II_\' s 1'1'“,‘_"“1“!"':1'“' 5:1“1[5!““:_‘ 'r]!l'lllll!'.‘i “ll
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qarlz. quartzite and limestone; up o 1O mm dinmeter), The sandstone and the lower

parl of the schlier bear traces of boring organisms. Fine stratilication of elay and sili

is emphasized also in colour owing 1o inereased content of organic matter in the clay
laminac, In the latter also the portion of mica and of small globigerines is inereased.
Aleurite and sandy component contain lests of the thicker rotaloid microlauna, To the
depth of 857 m oceur shells and shell fragments of oncophores present not only in
underlying Ownangian but also in the lower part of the Carpathian, In the depth of
800,30 mois a willitie layer with abundant acid voleanic glass, sponge spicules and
diatomacea.

A comparison of the average values of Trask’s granularity coelficients, of the heavy
minerals and CaCO, contents in the samples examined and in the samples of the Car-
pathian from the Ipelska kotling showed that the Carpathian in borehole G-IV
was somewhal coarse-grained, worse sorted and less micaccous.

GK-1V Ipelska kotlina
M (.02 mm 0001 mm
S0 i ) 3.03
Cat:0), ., 17.0 %,
FEM O, 1.5 .18

Andalusite, sillimanite, tremolite present in sediments of Ipelska kotlina are missing
in the association of heavy minerals. The high contents of chlorite and biotite together
with garnet and stavrolite, tonrmaline, amphibole, ratile and apatite indicate prevalence
ol metamorphic rocks in the souree area.

The elay component of the sehlier Tacies consists predominantly of illite less monl-
morillonite, In the sample of voleanic origin only montmorillonite is present.

Between 88250 and 890 mis elavey (LL7 % silty (338 %) Fine-grained nonmarly
(195 % CaCOy) sand (547 “9) vepresenting a Tinc-grained equivalent of the facies of
“NManganese sands™ in Tpelska kotlina.

GIN-TV Ipelski Kotlina
Ml 0.1 mm 0.32 mm
So 1.58 1.G
a0, 1.95 0
(IR “,-'fn (1.8 1.4

The heavy minerals association is practically identic with the sehlior Tacies, only the
chlorite and biotite vatio (1.5 in the schlier Tacies. 60 in badly cemented permeable
sunds) is different, Textural Teatures and the degree of sorting indicale a shallow-waler
sediment deposited in pericoastal beach environment. The only organie remains are
sponge spicules and carbonized plant fragments. Carbonate shells of oncophores present
i the under

ying and i the overlving beds arve absent, That may be regarded as the
secondary resull of decaleilieation.

SOO—=D41 e A Taeies of elavev-sandy marly silis — “oncophora sands™ (Otnangian)
with the avernge valoe of Md 005 mm and low degree of sorting So =373, The
volume of heavy minerals varies between 09 and 9.23 %% mainly due 1o varied amount
ol antigene pyrite. The average content ol garnet (9.9 %), biotite (4.8 %), tourmaline
(0.09%). earbonate (143 %), chlorite (30.29%,), opact miner. (203 % — mostly pyrite)
varied, Tow are amounnts of apatite, zivcone, andalusite, tlanite and rutile,
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The light Teaction is characterized by high content of miea (25 O, in Tenction
> 0.25 mm up 1o 90 %), Upwards the organie remains inerease in number., mainly
sponge spicules and raxes, T the top part very small pyritized elobigerines (0.04 mm in
diameter) appear. Oncophora shells ave all over the profile.

By N-ray analvsis of [raction < 5w montmorillonite was identified. less illite, litle
amount of kaolinite, quartz, indications of feldspar and dolomite.

A comparison of the sediments examined with the stratotype locality of Onecophora
sands near Maly Ketis shows differences in sorting and in the content of carbonates.
The So coeflicient of the sands Trom Maly Ketig is 130 CaCOy content 14 % while
the samples examined contain dolomite (642 % of CalOs GOG", of MgCOy). The
sediments examined were deposited during quict sedimentation conditions in @ semi-
closed or closed reservoir. The souree arca contained carbonate rocks. especially dolomite.
in addition to metamorphic rocks,

DAT=D87.80 m. Silty elayvs — “overlving clavs™ — Ollnangian, Grey and dark-grev
nonmarly siliy clays show the following average values: Md — 0.007 mm. So —

SA20CaCOy content 54, The amount of heavy minerals depends upon autigene pyrite

and varies within 0.7 % and 159 %, The samples of overlying elays show the average
contents of heavy minerals as Tollows:

warnel 23.0%, biotite 0.8%,
lourmaline 0.7 % chlorite 8.6%,
Zireone 0.800 ciarhonales 6.6y
apalite 0.8, pyrile 4907 Y

Fig. 1. An eleetron earbon replica micropho-  Fig. 2. Microcrvstalline porous dolomite, G-
tograph of microceystalline dolomite. GIGIV, IV, 1004w, magn, 10000 X, Photo P, S o p-
10635 m. magn, GO30 X, Photo M, Duris, ko
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In the Light fraction the portions ol quartz and leldspars are the same
The contents of micas are somewhal lower. Among organic
carbonized plant fragments present.

N-ray analysis of the fraction <5 g recorded illite as the main mineral, the monlt-
morillonite, kaolinite, quarlz and plagioelase.

The Tacies of overlving elavs is identic with overlving clayvs rom Ipelskia kotlina,

087.80—1130 m. A sulphate-carbonate sequence that beside chemogene component
contains 8—90 Y%, portion of terrigene material (illite. kaolinite. montmorillonite. quarlz.
mica) of the eategory of clay and silt, either Like an admixture in carbonates or lami-
nes or bodies of earbonate cemented silistones. The main carbonate mineral is dolomite,
Only in the teeminal part of the sequence (the topmost 8.2 m) caleite predominates over
dolomite and forms pseudomorphoses after gypsum. In the basal part ealeite shells and
feagments of organisms surrounded with microerystalline dolomite or dolomitized clayey
malrix. were preserved, The dolomite between the hottom and the top layers ol ealea-
reous dolomites is ervploceyvstalline and microceystalline. aveanged in spherieal aggre-
wales of 2—7 or 20 g diameter, These are composed of dolomite rhombohendrons (Tig, 1)

covered by dolomile erust, Torming small bodies hexagonal in cross section. mutually

Table 1o Molar vatio Ca oz Mg in dolomite

| depth in m

10065 | — — - - | (i
10105 | — | - | - — I
1016,4 | = [ | - — l.:rl—,.,\lg,“
10240 Lu6,77 (SEN . Cany M=y, - CazpMes,
| 1034,0 a — — | — _\ Cag Magg
10345 b — —_ = ".'-'.3'\1.'—'"‘ -
I”:;‘I.T — -~ | — (BT '| \l“’ru
105497 20,48 BYRG (o, |\Itur. —
1067,7 201 86,66 |  CamMgi | — CegMiis
10768 2,71 2245 Cara Merge | = S
10845 —_ — =, | o CaggMesy
1087.5 - - | — - Cagp Mg
10915 G911 1971 | Cang Mss - —
1005,5 — — | — Cagg Mz CagaMe e
11088 - — - — Cagy Magg
11006 AG,DN 20,48 | — —
1 106,06 | (R 1377 e Cagy My
1110, ]__”:l 21,97 — .|l',r|.\1!.!.“,
11144 — = e “l\l'-‘.",u
11200 52 | 9085 = st \|'r,.I
11210 — . | — = | :.-4.\l;_r-,.,
11288 | — — — - CagoMeasg
11322 | = = — | — .;lr,_r.\lggs
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position 211,

34,5 00 — the analysis of dolomite in mateix. 10345 h — the analysis of vadial carbonate

ol organie shells,
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connected in the form of a honeveomb (Mg, 2). Tn microcrystalline dolomite, particles
are only partinlly connected, the rock is porous, with a low unit weight (1.76—2.3). In
eryploerystalline dolomite is compacl conneetion of particles. In mixed anhydrite-dolo-
mile rocks the unit weight inereases — from 2.6 10 29 — according 1o the anhydrite
content. In the insoluble residuum of dolomites ol microcrystalline texture the minerals
ol voleanie origin. indicating dolomitized vitreous tulfs were Tound. Their thickness
varies between some centimelres and metres.

The CaCO4/NeCOy ratio in the dolomites varies within 50 : 50 and 54 : 46 mole
percent (ab, 1. Tn most eases dolomite shows exeessive amount of Ca-component. which
is a4 phenomenon characteristic of carlv-diagenetic dolomite of evaporite facies. The more
arid the climate, the smaller is the exeess of Ca (L Fichtbaver G Miller
1970).

Aunhvdrite and eclestine represent sulphates. Anhvdrite Torms nodules consisting of
felted network of lamellar erystals. predominantly non-orviented. sometimes with indi-
cation of the Torming spherolites. In some eases anhydrite Tills pores. vesicles and eracks.
or acquires the shape of pseadomorphoses alter gyvpsum or Torms parallel Tayvers of
A—2 mm thickness, The latter are alternatingly composed of prismatic and isometrical
cevstals separated by dark [—2 mm thick laminaes consisting of clay. silt. dolomite and
organic malter (G, — 2477430, Beginning with dolomite clayvs the anhvdrite

content inereases. In dolomite elavs 11 is 2—15%. in dolomiles up lo 43.5 "% in
: 1 |

steatified anhydrites up to 80.5 0.

In the whole prolile of the evaporite sequence is an icreased amount of Se. As for
the order 10 3 higher than in underlyving and overlying sediments. The average is
041 % Se (0,02—3.3 %), The mineral celestine itsell was found only in the sample Trom
the lower parl ol the sequence on the contact between dolomite and anhydrite sedimen-

I, 3, Celestine in dolomite. G-IV, 1120 m, magn, 42,5 X. Photo P, Snopkova
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tations. in the depth of 1120 m. Planimetrieal analysis determined its content as 5.6 Y.
Celestine is a sccondary filling of pores and vesicles in dolomite (lig, 3).

By electron probe microanalyser minor celestine ervstals (as mueh as 10 g in diame-
ter) were found in carbonate and sulphate matter in different samples. A litile contenl
of S, approximately 04 % is diadochically built in dolomite, approx. 0.2 % in anhy-
drite. No relationship ol the contents ol dolomite or anhydreite 10 Sr was observed.
Indirect dependence was observed between bhoron and strontivm. With the inercasing
boron content (as well as of clay tervigene component) the Se content decreases.

The terrigene component of the evaporile sequence consists of illite. kaolinite, quartz
and mica, Mixed clavey-carbonate rocks are grey-blue, siltv-clayey in struclure, cement-
el by earbonates.

Boron is restricled o the elay component. especially 1o illite, The boron content was
determined in two wayvs: a) from the original rock (tab. 210 by Trom separated [raction
Du (tab. 3).

The boron content was recaleulated 1o adjusted boron in the sense of C.T, Walker

in H, Harder (1070):

horon conlenl -
— g X85

o KO

C.o Do Curevis (1963 Tound in marine sediments 200—=350 of adjusted boron, €. T
Walker in L HTarder (19700 quoted the value G52—728 Tor adjusted boron in
limestones owing 1o inereased marine salinity, and 692—=769 10 slightly evaporite dolo-
miles,

In our samples two extremely high values of adjusted boron appeared. The first one
i the lower part of evaporites. in dolomitized elay with porphyroblasts of anhyvdrite,
the next i the depth of T076.8 m. 0o sample regacded as dolomitized wff. Other
vitlnes coneerning adjusted boron vary within the seope of normal, marine paleosalinity.
up Lo the terminal part of overlving elavs, The decrease of values in the terminal part
ol overlving clayvs is Tollowed by temporary increase on the hase of Oncophora sands.
and again by decrease in accordance with brackish environment. In the marine schlier
ol Carpathian age the boron contentl inereases again, The separated clavs of evaporile
sequence from layvers with inereased amount ol terrigene material are characterized by
more cqual distribution of horon than carbonate and sulphate original sediments.

The portion of Tibrous SiOs in evaporite sequence is 0.8—=3.7 %% as proved by plani-
metrical analyvses. Spherolites of Tilrous SiOq in basal and terminal parts have the fast
sy parallel Lo the Tibers: in the middle part. there is the slow ray parallel 1o the fibers.
Necording 1o LT, Folk and 1S Pittman (1971 the LSX (lenght slow chaleedo-
nv) s diagnosite mineral indicaling its origin in evaporile sequence.

We may suppose the rvise of evaporite sequence 1o be analogous  with  recent
evaporites Tormed on o pericoastal fat plain in arcid, warm elimate. due Lo evaporation
ol brines ascending theough capillaries 1o the surface ol porous sediments, Dolomite
arose in the stage of carly diagenesis by the substitution of aragonite in the course of
the genesis of gypsum (according to Lo Vo T Hing, A Welsand Jo CCM Tavlor
1965, Nuhydrite arose dingenetically by the substitution for gypsum forming idiomorph
ceyslals or thin layers, or the secondary [illing ol vesicles and eracks

Genetieal connection ol the evaporite sequence with brines of marine origin may only
be supposed on the basis of inereased Sr and B contents, Organic remains did not prove
their marine origin,
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Table

depth

0925 |
16,4 |
1059.5
1076.8
(081.5
0oLs |
L100.6
11058
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Contents of boron

Belt

30
100

adjusted B ‘

190,3
293,1
173,7
1190,0
2031
236,1
(30,0

2600 |

|
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and ol adjusted horon in original vock

[acies

sulphate-earbonate
sulphate-carbonate
sulphate-carhonate }
sulphate-earhonalte
sulphate-carbonate
sulphate-carbonate
sulphate-carbonate
sulphate-carbonate

3. Contents of boron and ol adjusted boron in separated clays

‘ original rock depth | B g/t adjusted B lneies
‘ IS 800,5 57 250 schlier Carpathian
| IS 810,5 55 216 schlier Carpathian
1S t 824,5 67 263 schlier Carpathian
1S | 834,6 69 256 schlier Carpathian
|18 | 841,3 a7 308 sehlier Carpathian
1S | 8624 60 236 sehlier Carpathian
115 | 8723 52 224 sehilier Carpathian
IS 882.2 40 200 schlier Carpathian
[ S | 908,38 A6 173,0 Oncophora sands |
| S i O16.5 38 184,4 Oneophora sands
S | 926,56 29 120,8 Oncophora sands
| S ' 936.5 (G2 2243 Oneophora sands |
'| 0946,5 6.3 98,1 overlving clayvs |
I | 056,5 (3 94,2 overlying clays |
[ 66,5 56 171,2 overlving clays
I 076,5 72 2314 overlving clavs
I 086,5 107 302,56 clays
[ I 0868 13 2554 « clavs
DI ' 1006.5 85 2439 evaporile sequence
DI 1012,5 172 357.8 | evaporile sequence
| DI 166 [ 306.7 evaporile sequence
DI 194 | 4326 evaporile sequence
) o 125 | 301,7 evaporile sequence
DI 1055.7 | 236 | 432,6 evaporile sequence
I Dl ‘ 1074,5 190 367,2 Levaporile sequence |
I DI 10874 133 300,1 evaporite sequence '
DI [ 1098.8 104 356.2 Levaporile sequence
| ‘ 1108.5 I 255 392,77 | evaporile sequenee |
| DI LSS 334 | 396, 1 evaporile sequence |
Sl 518 a1 282,2 marly claystones
l [ S ‘ 11375 1r. ‘ — | marly claystones |
| 8l 14,2 | 156 394,4 marly elavstones
Sl 11456 | 143 357,0 marly elaystones
| 1149.8 D 238,8 [ marly claystones

A5 ‘

Explanatory notes: T — clay, D — dolomite, A — anhydrite, DT — dolomitized wufl, @ —

caleite, § — silt, SI — marly elavstone,
Analyst: Dr, G Kupeo, CSe., D, Suar's Geologieal ITnstitute,
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The contacl of evaporile sequence with the overlving Otinangian is unclear. In the
uppermost parl of the evaporite sequence appear abundant carbonized plant remains,
due 1o which the sediments were interpreted as the so called productive Otinangian
sequence, [s contacl with the higher constituent of the Ottnangian, i, e, with the Tacies
of overlving clays is tectonically interrupted in the depth of 9837 —=9838 ., and indicales
the tectonieal position of overlying clays on evaporites, Owing 1o migraling solutions
the steatigeaphically and genetically different sediments beeame related by their miner-
alogical composition. Gypsum released from underlving rocks and deposited in vesicles
and pores of clavstones. and in the uppermost part of evaporites. ealeite aggregaled
instead ol gypsum.

With respects 1o palynological results indicating Lower- 1o Middle-Oligocene age
ol the sequence, most probable secems the deposition of evaporites in the pericoastal parl
of the waler reservoir, the latler being partinlly or completely separated from the sedi-
mentation area of the Centeal-Carpathian Paleogene, The thickness of the sequence recal-
culated (o the recent velocilty of evaporite sedimentation corresponds approximaltely 1o
500000 vewrs. Inereased transport of plant detritus in the uppermost part ol the
evaporile sequence indieates al least the change of elimate and most probably also the
Mading-oul of evaporite sedimentation,

F130—11544 m, Marly clavstones, siltstones and sandstones containing macroliuna
and earbonized plant remains. The basal part of the sequence is Tormed of greyv-green
marly claystones with 64.5 9% of clay, 33.9 % of silt with admixture of sand (1.54").
Md 0,005 mm, So 3.32, The heavy fraction contains 95 Yy of pyrite. the rest is oceupicd
by earbonates and by minerals of epidole-zoisite group, Autigene carbonate is also the
mosl abundant component of the licht fraction. in addition 1o polyerystalline quarlz,
rare plagioclase and micas, The Nerav and DTA analvses of clay fraction determined
illite. kaolinite, ealeite, dolomite and organic malerial.

The overlyving marly fine-grained conglomerate with feagments of thin-shelled Tamelli-
hranchiates and gastropods contains pebbles consisting of angular and  semiangular
quarlz, quartzite. cherl, radiolarite with radiolarian tests Tilled by chaleedony, Tests of
macrolauna are leached and holes are Tringed with organie material and pyrite. The
conglomerate is cemented by conrse erystalline caleite replacing the original silty matrix
preseeved in relicts, The matrix is composed of the grains ol quartz. feldspars. micas
and of clayey cement coloured by organie material, The CaCOy content is 32.1 %.

The uppermost part of the marly sequenee is formed of dark-grey marly sil
posed ol quartz. miea and feldspars. The same is the size of dolomite crystals surround-

com-

el by caleite cement rveplacing the original clayvey matrix. The Neray analysis of
a macro sample from the depth of 113

95

2 m identilied dolomite. guartz and caleite.

This marly sequence of m thickness comprises several lavers with a rich pollen
spectrum determined as Focene, by P Snopkova and 1 Planderovia A
Ondrejiékovi determined freshwater macrofauna. Leached organic shells prove,

that the sediment was elfected by emergencey and by atmospheric waler.

Lithological and petrographical characteristics of Lower Palcogene and Mesozoic
sedimentary beds

The horehole reached an extensive complex of sediments in the substeatum ol the
Neogene, The complex may be divided into: a) a varviegated conglomerate-psammile
bed sequence with intercalations of limestones, shales and redeposits; b) o dolomite-
limestone sequence,
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a) Palynological analyses proved the upper part of the borehole, heginning in a depth
of 1154.4 mm. to be Paleogene sediments. The whole part (1154.40— approx. 1600 m)
is a flyschoid complex composed of red, violel, green-grey conglomerates and sandstones
alternating with red sandy limestones and variegated sandy schists. Quarlz fragments
(10—75 %) are the main component of the conglomerales and sandstones. The substan-
tial part consists of quartz and limestone fragments, Texture is psephito-psammitie. with
Mragment graded or diagonal bedding, Matrix is carbonate-clayey. Cement is carbonale.
ol contael and porous Lype. The size of [ragments in psephites varies within 0.33 mm
and 1.5 em. in psammites 0.06—0.30 mm.

Thin sections of limestones indicate the inlvamicritic lype of lextures as predom-
inating. Intraclasts consist mainly of angular quartz geains (2—10 %), of fragments
ol dark and light-grey micritic limeslones, The size of the lerrigene admixture varies
between 0,02 and 0.50 mm.,

Interealations of dark-grey breecinted dolomites with intramicritic and  pellmieritic
lextures are regarded as redeposited material, Tn a block of white marly limestone
foraminilers were found: Semiinvoluta earpatica nov. spee. S ala ). Arenovidalina sp.
These forms indicate the Norian-Rhetian.

In the basal part of the Paleogene are dark-red carbonate conglomerates (1545.0—
[599.40 m). The average size of pebbles formed by light-grev. hrown-grey micritie
intramicritic limestones is 1 em. Matrix and cement are carbonalic.

b} The dolomite-limestone sequence. The lTower part of the borehole consists of
Mesozoie sediments (1600.0—=2018.0 m). In the substratim of the Paleogene is an aboul
100 m thick sequence of light-grey, brown-grey marly (less sandy) limestones ineluding
intercalations of grey elavey sehists with palvnologically proved Cretaceous— Lower
Paleogene in o depth of 1632,0 m.

Below the former is an about 35 m thick sequence of dark-grey and black marly
limestones ol intramicritic and biomicrilic lextures, Intraclasts are composed of quarlz
grains (2—5 %), Among organic remains arve rveerystallized echinoderm elements and
cross-sections of thin-shell lamellibranchiates. Perhaps the limestone sequence is the
basal part of the Cretaceous.

Most frequent and typical Mesozoie complex in the profile of the borchole GI-TV is
a dolomite sequence commencing at 1735.5 m, extending approximately to a depth of
2018,0 m, where the borehole terminates. The dolomites are light-grey, dark-grey. com-
pact, frequently breceiated, Middle—Upper Triassic. Microscopical examinalions show

Table 4

| [ 175850 m | 1951,60 m 200400 m
| |
| insoluble residuum | 2,60 9/, | 0,98 9 | 0,36 0/,
5104 | 5,10 2,14 0,10
A0, 0,89 0,28 0,30
e,y | 1,19 1,19 0,59
Ti0, lraces i Lraces Lraces
MnO 0,01 | 0,01 0,01 [
P05 0,02 | 0,02 lraces [
Ca0 30,69 | o 30,69 33,34 '
MgO 18,55 19,91 19,91
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predominantly dolomicrite. intramicrite. The terrigene admixture consists ol Tragments
of angular monocrystalline quartz (size 0.02—0.1 mm). Infrequent is pellelie extore,
25 mm,
[n a depth of 20012.80 m the dolomiles comprise an interealation of green-grey dolomite

davk pellets being replaced by dolomite, The average size ol pellets is 0

with anomalous content of the terrigene admisture of quartz (A0—45 %0, The Tollowing
chemical analyses (b, 40 may illusteate the general characteristies ol the dolomite
sequence,

Since the dolomite litholacies in universal, and any reliable tvpe ol Titholacies was
found neither in the substealum noe in the overlier, it is hardly possible o include the
sequence insome lectonical stractural elements of the substratum o the West Car-
pathians,

Palynological characteristics of the evaporite sequence and of its substratun
and overlier

To lind the age of sediments around Bzovik. the whole profile of the borehole G-IV
(R73—1600 m) was palvnologically examined, Sediments were below voleanites. helween
the Carpathian and the Lower Paleogence. or Upper Cretaceous, The samples were rich
in pollen associations favourable Tor examinations of the sediments (see pl. 1=, In
the sedimentation of GR-IV were Tive paleolloristic tvpes different in paleoceology and
tigraphy (tab. 5).

sl

The wopieal Tlora with numerous Cryptogammae clements predominating. Tno this
sedimentation period s the oldest ora Tound {in the depth of 1632—1500 ml), Very
[requent are also Angiosperniae predominant in the Upper Ceetaccous and Paleogene,

A dilferent Mora of Focene nature was Tound inoa depth of 1140 m. Besides Cevplo-
sammae with predominating Gleicheniaceae, very Trequent are trialvioporale pollen of
Normapolles. Myricipites. Plicapollis, palmae of the group of Monocolpopollenites tran-
quillis (palm Phoenix), Sabalpollenites areolatus, Among Coniferae most frequent are
Ginligoaceae. Cycadoplyta were obviously rvesedimented from the substratum. As Tor
paleocology. the period was characterized by tropieal elimate with numerous Angio-
spermae.

Sediments of the evaporile sequence in a depth 1034—1056 m contain predominant
Angiospermae with younger  arclotertiary  clements  indicating  Lower-Oligocene  or
Middle Oligocene age of the sediments, The next sedimentalion period is represented by
Ounangian clavs, Flora comprises numerous Middle—NMiocene plant species and s
analogous with other Ounangian llora.

Carpathian flora in a depth 820—=840 m comprises sublropical plant elements and
numerons Middle-Niocene tvpes of Sporomorphs. In that period elimate was still subtropi-
cal. A comparison with Lower-Miocene Tlorn shows relative temporary warming of
climate,

The present article deals with the evaporile sequence. i.e. o shorl period of the entire
sedimentation and of the history of flora in this area,

In o depth of TO34A—1054 m florn is monotonous when compared with that of
vnderlying sediments. The pollen pattern of the Tatter indicates o very abundant tropical

hydrophilons vegelation,

Spore-pollen composition: Among Crygptogammae Trequent ave only Leiotriletes
adrviennuis. Leiotriletes paramavimus. Coresporis tubereulatins (W, Koeuts e h 1967
quoted that spore Trom Middle Oligocene) and Gleichenidites. The vest of [lora com-
prises Angiospermae ol triatriopolenites,  tricolpate, tricolporate  and  tetracolporate
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Fig. 1.

Letotriletes paravimus

Fig. 4. Undulatisporites concavus
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Krutsch

Plate |
1959, — I, 2.

el Gell. 1933) W. Kr. 1959, — Vig. 3, 3, 6. Corrusporis tubereulatus W. 1K r. 1967, —

Letotriletes adrviennis (1.

Nedyes 196G,

ot
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0 4-0 }d

1053, — Iig. 4—5. Plerocaryapolle-

Plate 11
Vi, 13, Triatriopollenites exvcelsus subsp. turgidus I

nites sp. — g, 6=7. Momipites sp. — Fig, 8=, Myricipites myricoides (Kremp 1950)
Nagy 196D, — Fig. 10—11. Myricipites rurensis (Th., et PI 1930 Nagy 1969. — Fig,
12213, Oculopollis sp. — Fie, 1A—15. Nothofagidites makinsenii laesizatus Ked v, 1962, —

Fig. 15—17. Slowakipollis sp. — Fig. I8 Pollenites laesus R Po ot 1934,
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0 40

Plate 111
Fig, | =3, Caryapollenites simpler. — Vi, A—=5. Carpinuspollenites stellatus, — Fig, 5—6.
.‘\'H-’h’r'f;lrl!‘u_ilu”t'iif!t's el vadosus (1 10195335 W, K e 1O62, — Fig, 7—8. T:‘fr'u“m:’n;m”mH'h"x
parmularivs (R Pot) PLoet The 19530 — Fig, 9—10, Tricolporopollenites sp. — Fig, |1—
12 Cyrillaceacpollenites megacavactus (R, Pon 1930 B Pot 1060, — Iig. 13—14.
Fricolporopollenites  Wypus  microreticulatus,  —  Fig, 15—16. Ericipites sp. — Fie, 17—18,
Tricolporopollenites villensis CU by 1000 P Lo 1 he 1953,
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morphological groups. These groups are very [requent in the evaporile samples and
comprises ecologically mixed and varied clements, Among these are pollen of typical
Paleogene genera and species absent in Miocene and morphological species which are
also in Lower Miocene, These are: Pterocaryapollenites. varous species ol the genus
Myricipites.  Tricolporopollenites  mierohenriei.  Tricoloporollenites  henriei. On the
olher hand there are pollen of Younger Oligocene—>Miocene flora including the genus
Slowalkipollis sp. with two dilferent species and Juglanspollenites, The Oligo-Miocene
flora in the evaporite sequence comprises pollen of the families Nyssaceae. Carya.
Ulmus. Chenopodiaceae, Castanea. Cupuliferae. Engelhardtia, Typha, Cyrillaceae.

This sporomorph pattern represents two mixed tvpes of Tlora, Some species ol tropi-
cal Tora are gradually replaced by subtropical species with more numerous arclolerliary
plant types.

Paleoccological study ol the evolution of flora. beginning with underlving Foeene
sediments points oul to a regressive period in the course of the genesis of evaporite sedi-
menls, Heve is much poorer Tlora in species than Focene Tlora. and among Cryplo-
gammae only few species are preserved in the evaporite sediments, The conspicnous
climatiec change ook place between the Focene and Middle Oligocene in this area, s
cause is perhaps in regression of the seas in a longlasting arid period accompanied with
the extinetion of abundant Tern-like vegetation. Due to this period also the marsh areas
were replaced by small deving Takes with only o non-extensive zone of humid soil,
During this period no conilerous species appeared, being very [requent in the Central-
Carpathian Palecogene (P Snopkova 1971),

An analogous regressive period was also in the Lower Oligocene of the area around
the Tron viver (Polomka-Brezna, o Planderova in print). Flora is somewhal
different here. still its xerophilous character is in common with the Tormer,

As Tor the age of the sediments examined. it is Lower—NMiddle Oligocene, as indieated
mainly by the presence of the genus Slowakipollis, The latter used 1o appear only as
late as the Oligocene.

Conelusions

. A detailed evaluation of all the positive samples with sporomorphs from the hore-
hole G-IV, concerning the evolution of flora from Upper Cretaceous 1o Carpathian (in
Neogene), showed that Upper-Cretaceous or Lower Paleogene hydeophilous tropical flora
gradually changed. In the evaporite sequence it is replaced by suptropical xerophilous
flora and in Otnangian comprises arclotertiary genera and Tamilies thal may be corre-
lated with pollen speetea known from the area of Moder Kamei,

2. The evaporile sequence is ol Lower to Middle Oligocene age.

S In the period studied. elimate was subtropical. avid, with the vests of Paleogene and
arclotertiary flova,

A The results ol pollen analvses were correlated with pollen spectea of the West-
Carpathinn Paleogene (0 Snopkova 1970 and the inner depressions (15 P la -
devovi in it

5. Miocene sediments in the substratum of the voleanie Badenian in the borehole

G-IV — Otnangian — a Tacies of overlying elays and Oneophora sands. and  Car-
pathinn — a facies of manganese sands and a schlier Tacies show only slight difference

rom the Ottnangian and the Carpathian of the Ipelska kotlina, Dilferent is the degree
of sorting in Onecophora sands — a prool that the sedimentation around Bzovik pro-
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coeded in o quien, partially closed cnvisonment. Absent are some minerals of metamorphic
arigin. typical of sandy Tacies in the Carpathian ol the Ip
sandy material are Mesozoie, and especially dolomite elas

kotlina: the pebble and
malerial,

G, A sulphate-carbonate sequence with SO0 ol tervigene material cither as an
admixture in carbonates or as siltstone beds with carbonate cement, The sequence con-
Lains dolomite with o shight excess of Cascomponent — up 1o CagMggg mole 0. Caleite
is in basal and terminal parts of the evaporite sequenee, T the basal part are ealeite
relicts of organisms. mainly of algace in the weeminal — ealeite: pseudomorphoses after
evpsum. Anhydrite cither Torms pseadomorphoses after gypsum or fills pores and
pcks, or Torms fine lavers separated by lamines of dark elay, s content varies
hetween 2 and 80"

7. The average u:nlvnl ol Seis 10~ higher in ||u' evaporile sequence than in under-
|\|||lr and overlving sediments. Seis bound mainly 1o the mineral eelestine which is the
[illing of pores and vesicles on the contact of l|::|urlll|:‘ and dolomite-anhvdrite sedimen-
tation. Fine ervstals of celestine fap o 10000 were Tound in dolomite and anhyvdrite by
electron mie Illll;lll\'.ﬁ'i'l'. A lintle amount of S fapprox, 040 ol s dindochie I“\ bhuilt
dolomite. approx, 0.2 o anhvdrite,

The Srocontent deereases with the inereasing
|mrlin|| ol the tervigene companen andd boron,

The Becontent is greatest i separated clayvs of the evaporite sequence. decreasing
,‘,II':H'IIEI”)‘ i overlving clavs and in Oneophora sands ol the Ottangian, T he amount of
adjusted boron in dolomites has 2 maximums corresponding 1o the values Tor slight-
evaporite dolomites: other values heing within the scope of values Tor marine sediments.

The wenesis of the evaporite sequenee is supposed 1o he analogous with recent
evaporites Torming on o pericoastal Tlat plain in avid wi
ol hrines ascending

meclimate doe 1o :‘\';||nn'.'|lln|l

through capillaries 1o the surface o porous sediments, Dolomite
arose in early dingenesis by substitution of aragonite in the process ol Torming of

avpsim, Anhydeite arose dingenetically by substitution Tor gy psum forming idiomorph
crvstals or lavers. or seeondary Tilling of vesieles and eracks.

10, |,i,l,1'h| PPOres dolomites of microery stalline texture arose ]u‘r'll.'lpﬁ |1}' dolomitiza-
lion of vitreous voleanie lfs or tllites — as indicated by the presence ol pyroxenc.
amphibole, and voleanic gliss in the insoluble vesidunm,

1. Underlying Focene sediments ol 254 e thickness differ Trom the evaporite
sequence in their high content of caleites in the presenee ol carbonised plant remains
and of Tenehed shells of Treshwater macrolauna. indicating that the sediment was alfected
by emergeney and by atmospheric waler.

JASSINGERONVA,

Translated |r_\' | S
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