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OLIGOCENE EVAPORITES IN CENTRAL WEST CARPATHIANS 
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A b s t r a c t : Presented are litliology and stratigraphy of Neogene, Paleogene 
and Cretaceous sediments in the cross-section through the deep borehole GK-4 
near the village Bzovik. A new occurrence of an evaporite ]>cd sequence is 
described in detail. From the view of petrography it is a sulphate-carbonate 
bed sequence scdimentcd during the Oligoccnc, in a period of comparatively 
arid subtropical climate — as indicated by palynological finds. 

P e 3 io M e: B pa6oTe noaaeTCíi jinTOJiorimecKoe H CTpaTHrpac|>HHecKoe oniicaniie 
HeoreHOBHx, naJieorenoBMx H MejiOBbix ocaaKOB, H3necTHbix H3 npocjiHjiH rjiyôoKoít 
cKBa»HHbi npn cejiennn B30BHK. HeTajibHO onncaHo HOBoe noHBjíeHHe SBanopičTOBoro 
cjioa. Ifo neTporpa(|)HqecKHM jiaHHHM pent HACT O cyjib^aTHo-KapSoHaTHOM cjioe 
ojinroneHOBoro BospacTa, KOTopbiŕi oco>KflajiCíi BO BpeMíi cyxoro cy6xponnqecKoro 
KJiHMaTa, IITO noflTBcp>i<flaioT H najiHHOjiorntiecKHe pe3yjibTaTH. 

In Slovakia, most. important nrc ovaporiles in Pcrmo-Triassic series of the cenlral 
West Carpathians, and in the Carpathian and Badcnian of the Kasl-Sln\ akian Neogene 
Basin. Recently, evaporites wore also found in the basement of the Neogene filling of 
the Viennese Inner-Alpine Basin, in the Semonian manile of the inner Klippen Bell 
(J. J a n á č e k, V. S 1 in á n e k, 1969). Owing to the research in the deep substratum 
of the Cenlral-Slovakian neovolcanites, n Lhirk (M.'l m) bed sequence of carbonates, 
claystoncs and sulphates was bored in aboul 1000 in depth near the village Bzovik 
(borehole GK-IV), on t h e northern foolhill of the Krupinská vrchovina. In its basement 
are claystoncs and sandstones of the Central-Carpathian Paleogene and the Upper Cret­
aceous ol Gossan Formation. The bed sequence is overlain by Oltnangian clays, Car­
pathian marly-clayey sills and by a volcanic-sedimentary Badcnian bed sequence. 

The authors treat the lilhology and strat igraphy of Ceuozoic pro-Badenian sediments, 
mainly those of the sulphate-carbonate beds of Lower- to Middle-Oligocene age. as 
proved by palynological examinat ion. Pollen analyses also served Io determine the age 
of underlying and overlying sediments. Slraligraphieally documented mierofauna was 
only in Carpathian sediments; while in evaporite beds was only resodimenlcd Cretaceous 
mierofauna — as staled by V. K a n t o r o v á (1970). 

Detail pclrographical, mineralogical and chemical characteristics of the cvapori'tc beds 
were given by .M. M a r k o v á and II. M e i e r (1972), so here only the most impor­
tant statements and a brief lilbologieal characteristics of the underlying and overlying 
sedimentary rocks will be presented together with their palynological evaluation. 

Litliology <>j pre-Uadenian ( enozoic sediments 

T h e borehole GK-1N was situated in volcanic-sedimentary continental Badcnian beds 
extending Io 790 in depth. Between 790—882,50 m is Carpathian represented by 
a schlier facies and in lbe basal pari by arcosc conglomeratic sandstone (pebbles ol 
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qarlz, q u a r t z k e and limestone; up lo 10 mm diamcler). T h e sandsLone and the lower 
part of the sehlier bear traces of boring organisms. Fine stratification of clay and sill 
is emphasized also in colour owing to increased content of organic mallei- in the clay 
laminae. In the latter also the portion of mica and of small globigerines is increased. 
Aleurite a n d sandy component contain tests of the thicker rotaloid microfauna. To the 
depth of 857 m occur shells and shell fragments of oncophores present not only in 
underlying Ottnangian b u t also in the lower par t of the Carpathian. In the depth of 
855,30 m is a tuffitic layer with a b u n d a n t acid volcanic glass, sponge spicules and 
diatomacea. 

A comparison of the average values of Trask 's granular i ty coefficients, of the heavy 
minerals and CaCO ;1 contents in the samples examined and in the samples of the Car­
path ian from the Ipeľská kotl ina showed that the Carpathian in borehole GK-IV 
was somewhat coarse-grained, worse sorted and less micaceous. 

GK-IV Ipeľská kotlina 
Aid 0.02 m m 0.01. m m 
So 3,2 3.03 
CaCO., 10.1 % 17.0 % 
UM°/o 1.5 1.18 

Andalusile. sillimanite, Iremolile present in sediments oľ Ipeľská kotlina are missing 
in the association of heavy minerals. T h e high contents oľ chlorite and biotite together 
with garnet and slaurolile. tourmaline, amphibole, rulile and apatite indicate prevalence 
of m e t a m o r p h i e rocks in the source area. 

The clay component, oľ the sehlier ľacics consists predominant ly oľ illitc less inonl-
morillonite. In the sample oľ volcanic origin only monlmori l lonke is present. 

Between 882,50 and 890 m is clayey ( 1 1 , 7 % ) , silly ( 3 3 . 8 % ) fine-grained n o n m a r l y 
( 1 , 9 5 % CaCO : i) sand (51.7 "/o) representing a fine-grained equivalent id the facies of 
".Manganese sands" in. Ipeľská kotlina. 

GK-IV Ipeľská kotlina 
Md 0.1 m m 0.32 m m 
So 1,58 1.0 
CaCO-j 1.95 0 
I I M % 0.8 1.9 

T h e heavy minerals association is practically identic with the sehlier ľacics. only the 
chlorite and biotite ratio (1.5 in the sehlier ľacics. (it) in badly cemented permeable 
sands) is different. Textural features and the degree (ď sorting indicate a shallow-water 
sediment deposited in pericoaslal beach environment. The only organic remains are 
sponge, spicules and carbonized plant, fragments. Carbonate shells id oncophores present 
in the underlying and in the overlying beds are absent. That max1 be regarded as the 
secondary result of decalcification. 

890—911 m. A ľacics oľ clayey-sandy m a r k ' s:lls — "oncophora sands" (Ollnangian) 
with the average value oľ Md 0.05 mm and low degree id sorting So = 3.73. The 
volume of heavy minerals varies between 0.9 and 9 , 2 3 % , mainly (\[ir In varied amount 
oľ antigéne pyrite. T h e average content of garnet ( 9 , 9 % ) . biotite ( 4 , 8 % ) , tourmaline 
( 0 , 9 % ) , carbonate ( 1 4 , 3 % ) , chlorite ( 3 0 , 2 % ) , opact miner. ( 2 9 , 3 % - mostly pyrite) 
varied, low are amounts oľ apatite, zircone, andalusile. l i lanile and rulile. 
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Tho ligbl fruotion is characterized by high content of mica ( 2 5 % , in fraction 
> 0,25 m m up to 9 0 % ) . Upwards the organic remains increase in number, mainly 
sponge spicules and raxes. In the top part very small pyritized glohigerines (0,04 m m in 
diameter) appear-. Oncophora shells are all o v e r ' t h e profile. 

By X-ray analysis of fraction < 5 JX montmori l loni le was identified, less illile, little 
a m o u n t of kaolinite, quartz, indications of feldspar and dolomite, 

A comparison of the sediments examined with the s lratotypo locality of Oncophora 
sands near Malý Křtíš shows differences in sorting and in the content of carbonates. 
The So coefficient of the sands from Malý Křtíš is 1,3, CaCO;j content 1 4 % : while 
the samples examined contain dolomite ( 6 . 4 2 % of CaC0 3 , 6 , 0 6 % of M g C b 3 ) . The 
sediments examined were deposited during quiet sedimentation conditions in a semi-
closed or closed reservoir. The source area contained carbonate rocks, especially dolomite. 
in addit ion to metamorphic rocks. 

941—987,80 in. Silly clays — "overlying clays"' — Ollnangian. Grey and dark-grey 
nonmar ly silly clays show the following average values: Md — 0.007 mm, So — 
3,42, (,a(.();i content 5 % . T h e amount of heavy minerals depends upon autigene pyrite 
and varies within 0 , 7 % and 1 5 , 9 % . The samples of overlying clays show the average 
contents of heavy minerals as follows: 

2 3 , 0 % biolite 0 . 8 " o 
0 , 7 % chlorite 8 , 6 % 
0.8 , o carbonates 6.6 " » 
0 . 8 % pyrite 1 9 , 7 % 

Fig. 1. An electron carbon replica micropho- Fig. 2. Microcrystalline porous dolomite. C i v 
tograph of microcrystalline dolomite. GK-IV, IV. 1004 m, magn. 1000 X ľ holo P S n o p-
1063,5 m, magn. 6930 X. Photo M. T) u r i š. k u s á . 

garnet 
tourmaline 
zircone 
apatite 
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Tn the light fraction the portions of quartz and feldspars are the same 30—35 % . 
Tho contents of micas are somewhat lower. Among- organic remains there arc only 
carbonized plant fragments present. 

X-ray analysis of the fraction < 5 y. recorded illilc as the main mineral, the mont-
morillonite, kaolinite, quartz and plagioclase. 

T h e Facics of overlying clays is identic with overlying clays from Ipeľská kotlina. 
987,80—1130 m. A sulphate-carbonate sequence that beside chemogene component 

contains 8 — 9 0 % portion of terrigene material (illile, kaolinite, montmoril lonite, quartz, 
mica) of the category of clay and silt, either like an a d m i x t u r e in carbonates or lami-
nes or bodies of carbonate cemented sillslones. T h e main carbonate mineral is dolomite. 
Oidy in the terminal part of the sequence (the topmost 8.2 m) calcile predominates over 
dolomite and forms pseudomorphoses after gypsum. In the basal part calcite shells and 
fragments of organisms surrounded with microcrystal l ine dolomite or dolomitized clayey 
matrix, were preserved. T h e dolomite between the bottom and the top layers of calca­
reous dolomites is cryptocrystal l ine and microcrystalline. arranged in spherical aggre­
gates of 2—7 or 20 p. diameter. These are composed of dolomite r h o m b o h e n d r o n s (fig. 1) 
covered b y dolomite crust, forming small bodies hexagonal in cross section, mutual ly 

T a b l o I. Millar ratio Ca : Mg in dolomite 

depth in m 

1006,5 
1.01.0,5 
1016,4 
1024,0 
1.034,5 a 
1034,5 I, 
1055,7 
1059,7 
1067,7 
1070,8 
1084,5 
1087.5 
1091,5 
1095,5 
.1098,8 
1 100,6 
1100,6 
II 10.3 
1114,4 
1 120,0 
1121,0 
1 1 28.S 
1132.2 

A 

— 
— 
26,77 
— 
— 
— 
20,48 

2,01 
2,72 

— 
69.11 
— 
— 
46,09 

4,9 
1,05 

— 
5,24 

— 
— 
— 

D 

— 
— 
66.61 
— 
— 
— 
51,61 
86,66 
82,43 
— 
— 
19,71 
— 
— 
29.48 
73.77 
81.97 
— 
90,85 
— 
— 
— 

1 

— 
— 

Ca50Mg5o 
— 
— 
— 

Ca5 1Mg4 0 

Ca5,Mg4 8 

Ca5 2Mg4 8 

— 
— 

Ca5 4Mg4 6 

— 
— 

Ca5 2Mg4 8 

Ca53Mg/l7 

Ca50iMg30 
— 
— 
— 
— 
— 

2 

— 
— 
— 

Ca50Mg50 
Ca5 2Mg4 8 

Ca32Mg/ l8 

— 
— 
— 
— 
— 
— 
— 

CasjMgw 
— 
— 
— 
— 
— 

Ca5,Mg4 9 

— 
— 
— 

A — ;uili\ <Iri11- coiilcnl calcidaU'd from chemical analyses. I) — dolomite content calculated 
from r.liemicnl analyses. I — molar ratio Ca : Mg calculated from chemical analyses. 2 — 
molar ratio Ca : Mg calculated from the average values of point analyses by microprobc 
analyser (The Institute of iron metallurgy, Prague, lug. Storek, lug. Kotrba, lag. Kolman). 
3 — molar ratio Ca : Mg according to X-ray analysis, the record of the reflex position 211. 
1034,5 a — the analysis of dolomite in matrix. 1034,5 b — the analysis of radial carbonate 

of organic sliells. 

3 

Ca52Mg,,8 

Ľa 5 1 Mg w 

ĽajoMgso 
(;a3(AIg50 
Ca51J\Ig49 

Ľa5 1Mg4 9 

CassMgn 

Ca50iMg3o 
Ca5 1Mg4 g 

Ca5 2Mg4 8 

Ca5iMg4 9 

Ľa5 3Mg4 7 

Ca5 4Mg4 e 

Ca5oMg5o 

Ca5oMg50 

Ca5oMg5(, 
Ca5 2Mg4 S 
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connected in the form of a honeycomb (fig. 2). In microcrystal l ine dolomite, particles 
arc only partial ly connected, the rock is porous, wi'th a low unit weight (1,76—2,3). In 
cryptocrystall ine dolomilo is compact connection of particles. In mixed anhydrite-dolo­
mite rocks the uni t weight increases — from 2.G to 2.!) — according to the anhydr i te 
content, hi the insoluble res iduum of dolomites of microcrystall ine texture the minerals 
of volcanic origin, indicating dolomitized vitreous lull's were found. Their thickness 
varies between some centimetres and metres. 

The CaCO;j/i;\ľgCO;j ratio in the dolomites varies within 50 : 50 and 54 : 46 mole 
percent (tab. 1). In most cases dolomite shows excessive a m o u n t of Ca-component, which 
is a p h e n o m e n o n characteristic of carly-diagenetic dolomite of evaporite facies. T h e more 
arid the climate, the smaller is the excess of Ca (Id. F i i c h t b a u c r , G. M ú 11 e r 
11)70). 

Anhydr i te and celestine represent sulphates. Anhydr i te forms nodules consisting of 
felted network of lamellar crystals, predominant ly non-oriented, sometimes with indi­
cation of ihe forming sphcrolites. In some cases anhydr i te fills pores, vesicles and cracks, 
or acquires the shape of pscudomorphoscs after gypsum or forms parallel layers ol 
,'i—5 m m thickness. T h e latter are alternalingly composed of prismatic, and isomctrical 
crystals separated by dark 1—2 mm I hick laminaes consisting of clay, sill, dolomite and 
organic mai ler ( C o r g — 2,47—7,43 % ) . Beginning with dolomilo clays the anhydr i te 
content increases. In dolomite clays il is 2 — 1 5 % , in dolomites up to 4 3 , 5 % in 
stratified anhydri tes up to 80,5 % . 

In the whole profile of the evaporite sequence is an icrcased a m o u n t of Sr. As for 
the order 10 X higher than in underlying and overlying sediments. T h e average is 
0.4L % Sr ( 0 , 0 2 — 3 , 3 % ) . The mineral celestine itself was found only in the sample from 
Ihe lower part of the sequence on ihe contact between dolomite and anhydr i te sedimen-

Fig. 3. Celestine in dolomite. GK-IV, I.Í20 m, magn. 42,5 X. Photo P. S n o p k o v á. 
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tations, in the depth of I 120 m. Planimctrical analysis determined its content as 5 , 6 % . 
Celestine is a secondary filling' of pores and vesicles in dolomite (fig. 3). 

By electron probe microanalyser minor celestine crystals (as much as 10 u in diame­
ter) were found in carbonate and sulphate mailer in different samples. A little content 
of Sr, approximate ly O/i % is diadochically built in dolomite, approx. 0.2 % in anhy­
drite. No relationship of the contents of dolomite or anhydr i te to Sr was observed. 
Indirect dependence was observed between boron and strontium. With the inereasing 
boron content (as well as of clay terrigene component) the Sr content decreases. 

T h e terrigene component of the evapori le sequence consists of illite, kaolinite, quartz 
and mica. Mixed clayey-carbonate rocks are grey-blue, silly-clayey in struoture, cement­
ed b y carbonates. 

Boron is restricted to the clay component, especially to illite. The boron content was 
determined in two ways: a) from the original rock (tab. 2). b) From separated fraction 
5 ft (tab. 3). 

T h e boron content was recalculated to adjusted boron in the sense of C. T. W a 1 k e r 
in H. H a r d e r (1070): 

boron content . . n r 

% K 2 C T x s - " ' 

C. D. (In r t i s (1963) found in marine sediments 200—350 of adjusted boron. C. T. 
W a l k e r In II. I I a r d e r (1970) quoted lbe value 652 — 72S for adjusted boron in 
limestones owing lo increased marine salinity, and 692 — 700 in slightly evapori le dolo­
mites. 

In our samples two extremely high values ol adjusted boron appeared. T h e first one 
ni lbe lower part of cvaporiles. in dolomitized clay with porphyroblasts of anhydri te, 
the next in the depth of 1070.8 in. in a sample regarded as dolomitized tuff. Other 
values concerning adjusted boron vary within lbe scope of normal, mar ine paleosalinity, 
up lo the terminal pari of overlying clays. The decrease of values in the terminal part 
of overlying clays is followed by temporary increase on the base of Oncophora sands, 
and again b y decrease in accordance with brackish environment . In the m a r i n e schlier 
of Carpathian age the boron content increases again. T h e separated clays of evaporile 
sequence from layers with increased a m o u n t of terrigene material are characterized by 
more equal distribution of boron than carbonate and sulphate original sediments. 

T h e portion of fibrous SiCb in evaporile sequence is 0 . 8 — 3 , 7 % as proved by plani-
inetrical analyses. Spherolites of fibrous S Í O T in basal and terminal parts have the fast 
ray parallel lo the fibers: in lbe middle pari, there is the slow ray parallel to the fibers. 
According lo ľ.. L. ľ o I k and .1. S. P i l l m a n (1971) the LSX (lenght slow chalcedo­
ny) is a diagnosile mineral indicating its origin in evapori le sequence. 

We may suppose lbe rise of evapori ic sequence to be analogous with recent 
cvaporiles formed on a pericoaslal flat plain in arid, warm climate, due lo evaporation 
uf brines ascending through capillaries lo the surface of porous sediments. Dolomite 
anise in the slage of early diagenesis by lbe substitution of aragonile in the course of 
the genesis of gypsum (according lo L. V. í I I i n g. A. .1. W e I s and .1. C. M. T a y I o r 
190.")). Anhydr i te arose diagenetically by the substitution Tor gypsum forming idiomorph 
crystals or lliin layers, or the secondary filling of vesicles and cracks. 

flenetical connection of the evapori le sequence with brines of m a r i n e origin m a y only 
be supposed on the basis of increased Sr and B contents. Organic remains did not prove 
their marine origin. 
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T a b 1 e 2. Contents of boron and of adjusted boron in original rock 

rock 

CD 
i ix: 
DA 
l)T 
1) 
A 
IDA 
ID 

dep ill 

992,5 
1016,4 
1059,5 
1076,8 
1081,5 
1091,5 
1L 00,6 
1105,8 

B g/t 

30 
LOO 
27 
14 
54 
10 
13 

135 

adjusted B 

190,3 
223,1 
173,7 

1190,0 
203,1 
236,1 
650.0 
269,0 

facies 

sulphate-carbonate 
sulphate-carbonate 
sulphate-carbonate 
sulphate-carbonate 
sulphate-carbonate 
snip hate-carbo na to 
sulphate-carbonate 
sulphate-carbonate 

T a b 1 e 3. Contents of boron and of adjusted boron in separated clays 

original rock 

IS 
IS 
IS 
IS 
IS 
IS 
IS 
IS 
S 

s 
s 
s I 

r i 
i 
i 
i 
Dľ 
Dl 
Dl 
Dľ 
Dl 
1)1 
Dl 
Dl 
Dl 
Dl 
Dl 
SI 
SI 
SI 
SI 
SI 

depth 

800,5 
810.5 
824,5 
834,6 
841,3 
862,4 
872,3 
882.2 
908,8 
916,5 
926,5 
936,5 
946,5 
956,5 
966,5 
976,5 
986,5 
986.8 

1006.5 
1012,5 
1016.5 
1026,6 
1033,5 
1055.7 
1074,5 
1087,4 
1098.8 
1108,5 
1115,5 
1131,8 
1137.5 
1141,2 
1145,6 
1149,8 

B g/t 

57 
55 
67 
69 
87 
60 
52 
40 
46 
38 
29 
62 
63 
63 
56 
72 

107 
113 

85 
172 
166 
194 
125 
226 
190 
133 
104 
255 
224 

91 
tr. 

156 
143 
45 

adjusted B 

250 
216 
263 
256 
308 
236 
224 
200 
173,0 
184,4 
120,8 
224,3 

98,1 
94,2 

171,2 
231,4 
302,5 
255,4 
243,9 
357,8 
306,7 
432,6 
301,7 
432,6 
367,2 
300,1 
356,2 
392,7 
396, L 
282,2 

_ 
394,4 
357,0 
238,8 

facies 

schlier Carpathian 
schlier Carpathian 
schlier Carpathian 
schlier Carpathian 
schlier Carpathian 
schlier Carpathian 
schlier Carpathian 
schlier Carpathian 
Oncophora sands 
Oncophora sands 
Oncophora sands 
Oncophora sands 
overlying clays 
overlying clays 
overlying clays 
overlying clays 
overlying clays 
overlying clays 
cvaporite sequence 
evaporite sequence 
cvaporite sequence 
evaporite sequence 
cvaporite sequence 
cvaporite sequence 
cvaporite sequence 
cvaporite sequence 
cvaporite sequence 
cvaporite sequence 
cvaporite sequence 
marly claystones 
marly claystones 
marly claystones 
marly claystones 
marly claystones 

Explanatory notes: I — clay. D — dolomite, A — anhydrite, DT — dolomitized tuff, C — 
calcite, S — sill. SI — marly claystonc. 

Analyst: Dr. G. K n p č o, CSc, D. Štúr's Geological Institute. 
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T h e contact of evaporite sequence with the overlying Ottnangian is unclear. In the 
uppermost par t of the evaporite sequence appear a b u n d a n t carbonized p lant remains, 
due to which the sediments were interpreted as the so called product ive Ottnangian 
sequence. Its contact with [he higher constituent of I lie Ottnangian, i. e. with the facies 
of overlying clays is tcctonically interrupted in the depth of 987—988 m, and indicates 
the teotonical position of overlying clays on evaporites. Owing lo migrat ing solutions 
tin; stratigraphically and genetically different sediments became related by their miner-
alogieal composit ion. Gypsum released from underlying rocks and deposited in vesicles 
and pores of claystones. and in the uppermost part of evaporites, calcite aggregated 
instead of gypsum. 

Willi, respects to palynological results indicating Lower- to Middle-Oligocenc age 
of the sequence, most, probable seems the deposition of evaporites in the pericoaslal part 
of the water reservoir, the latter being partial ly or completely separated from the sedi­
mentat ion area of the Central-Carpathian Paleogene. T h e thickness of the sequence recal­
culated lo the recent velocity of evaporite sedimentation corresponds approximate ly to 
500 000 years, increased transport of plant detritus in the uppermost part ol the 
evaporite sequence indicates at least the change of climate and most probably also the 
fading-out of evapori te sedimentation. 

1130—1.154,4 in. Marly claystones, sillstones and sandstones containing macrofauna 
and carbonized plant remains. T h e basal part of the sequence is formed id grey-green 
marly claystones with 64,5 % of clay, 3 3 , 9 % of sill with a d m i x t u r e of sand (J .54 % ) , 
Mil 0,005 nim. So 3,32. T h e heavy fraction contains 95 % of pyrite, the rest, is occupied 
by carbonates and by minerals of epidolc-zoisite group. Antigéne carbonate is also the 
most a b u n d a n t component of the light fraction, in addition lo polycryslall ine quartz, 
rare plagioclase and micas. T h e X-ray and DTA analyses of clay fraction determined 
ill i to, kaolinite, calcite, dolomile and organic material . 

T h e overlying marly fine-grained conglomerate with fragments of thin-shelled lamelli-
brancbiales and gastropods contains pebbles consisting of angular and semiangular 
quartz, quarlzite, chert, radiolari lc with radiolarian tests filled by chalcedony. Tests of 
macrofauna are leached ami holes are fringed with organic material and pyrite. T h e 
conglomerate is cemented b y coarse crystalline calcite replacing the original silly m a t r i x 
preserved in relicts. T h e matr ix is composed of the grains of quartz, feldspars, micas 
and of clayey cement coloured b y organic material . T h e CaCO:j content is 32,1 ,o-

The uppermost par t of the mar ly sequence is formed of dark-grey mar ly silts, com­
posed of quartz, mica and feldspars. T h e same is the size of dolomite crystals surround­
ed by calcite cement replacing the original clayey matr ix . T h e X-ray analysis ol 
a macro sample from the depth of 1132.2 m identified dolomite, quartz and calcite. 

This mar ly sequence of 25.4 m thickness comprises several layers with a rich pollen 
spectrum determined as Eocene, b y P. S n o p k o v á and E. P 1 a n d e r o v á. A. 
O n d r c j í č k o v á determined freshwater macrofauna. Leached organic shells prove, 
that the sediment was effected by emergency and by atmospheric water. 

Lithological and peLrographical characteristics of Lower Paleogene and Mesozoic 
sedimentary l>eds 

T h e borehole reached an extensive complex of sediments in the subslraUuu of the 
N'eogcne. T h e complex m a y be divided into: a) a variegated conglomerate-psammite 
bed sequence with intercalations of limestones, shales and redeposits; b) a dolomite-
limestone sequence. 
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a) Palynological analyses proved the upper pari, of the borehole, beginning in a depth 
of 1154,4 mm, to be Paleogene sediments. The whole par t (1154,40— approx. 1600 m) 
is a flyschoid complex composed of red, violet, green-grey conglomerates and sandstones 
alternating with red sandy limestones and variegated sandy schists. Quart/, fragments 
(10—75 % ) are the main component of the conglomerates and sandstones. The substan­
tial par t consists of quar tz and l imestone fragments. Texture is psephilo-psammltic, with 
fragment graded or diagonal bedding. Matr ix is carbonate-clayey. Cement is carbonate, 
of contact and porous type. The size of fragments in psephit.es varies within 0,33 m m 
and 1,5 cm. in psammites 0,06—0.30 mm. 

Thin sections of limestones indicate the inlrnmierkic type of textures as predom­
inating. Intraclasts consist ma in ly of angular quartz grains (2—:I0%) , of fragments 
of dark and light-grey micritic limestones. The size of the terrigene admix tu re varies 
between 0,02 and 0,50 m m . 

Intercalations of dark-grey brecciated dolomites with intramicritic and pellmicritic 
textures are regarded as redeposited material . Tn a block of while marly limestone 
foraminifers were found: Semiinvoluta carpatica nov. spec. S a I a j . Arenovidalina sp. 
These forms indicate the iNorian-Rhotian. 

In the basal part of the Paleogene are dark-red carbonate conglomerates (1545,0— 
1599,40 m). The average size of pebbles formed by light-grey, brown-grey micritic and 
intramicrit ic limestones is 1 cm. Matrix and cement are earbonatic. 

h) The dolomite-limestone sequence. The lower part of the borehole consists of 
Mesozoie sediments (1600.0—2018.0 m). In the substra tum of the Paleogene is an about 
100 m thick sequence of light-grey, brown-grey mar ly (less sandy) limestones including 
intercalations of grey clayey schists with palynologically proved Cretaceous—Lower 
Paleogene in a depth of 1632,0 m. 

Below the former is an about 35 m thick sequence of dark-grey and black mar ly 
limestones of intramicrit ic and biomicritic lexlures. Intraclasts are composed of quar tz 
grains (2—5 % ) . Among organic remains are recrystallized cchinoderm elements and 
cross-sections of thin-shell lamellibranehiales. Perhaps the l imestone sequence is the 
basal par t of the Cretaceous. 

Most frequent and typical Mesozoie complex in the profile of the borehole GK-IV is 
a dolomite sequence commencing at 1735,5 m, extending approximate ly to a depth of 
2018,0 m, where the borehole terminates. The dolomites are light-grey, dark-grey, com­
pact, frequently brecciated, Middle—Upper Triassic. Microscopical examinat ions show 

T a b l e 4 

insoluble residuum 
SiO, 
A1203 

Fe203 

Ti02 
MnO 
P2O5 
CaO 
MgO 

1758,50 m 

2,60 % 
5,10 
0,89 
1,19 

traces 
0,01 
0,02 

30,69 
18,55 

1951,60 m 

0,98 % 
2,14 
0,28 
1,19 

traces 
0,01 
0,02 

30,69 
19,91 

2004,00 m 

0,36 o/0 

0,10 
0,30 
0,59 

traces 
0,01 

traces 
33,34 
19,91 
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predominant ly dolomicrile, intramicrite. The lorrigeno admixture consists of fragments 
of angular monocrystal l ine quartz (size 0.02—0,1 mm). Infrequent is pellotic texture, 
dark pellets being replaced by dolomite. The average size of pellets is 0.25 mm. 
in a depth of 2012,80 m the dolomites comprise an intercalation of green-grey dolomite 
with anomalous conlcnl of the torrigenc admixture of quartz (40—•i5 /o). The following 
chemical analyses (lab. V) may illustrate the general characteristics of lbe dolomilo 
sequence. 

Since the dolomite lithofacies in universal, and any reliable type of lithofacies was 
found neither in the substratum nor in the ovcrlier, it is hardly possible to include the 
sequence in some leelonical structural elements of the snbslraliini of the West Car­
pathians. 

Paly nolo gical characteristics oj the evaporite sequence and of its subslrainm 
and overlier 

To find the age of sediments around Bzovik. the whole profile of lbe borehole GK-IV 
(873—1650 m) was palynologically examined. Sediments were below volcaniles. between 
the Carpathian and the Lower Paleogene. or I pper Cretaceous. The samples were rich 
in pollen associations favourable for examinat ions of the sediments (see pi. 1 — III), [n 
iho sedimentat ion of GK-IV were five paleofloristic types different in paleoeeology and 
strat igraphy (tab. 5). 

The tropical flora with numerous Cryptogammae elements predominat ing. In ibis 
sedimentation period is the oldest flora found (in the depth of 1632—1500 m). Very 
frequent are also Angiospermae predominant in the Upper Cretaceous and Paleogene. 

A different, flora of Eocene nature was found in a depth of 1140 m. Besides Crypto­
g a m m a e with predominat ing Gleicheniaceae, very frequent are tria tri opora te pollen of 
Normapolles, Myricipites, Plicapollis, pa lmae of the group of Monocolpopolleniles tran-
quillis (palm Phoenix) . Sabalpollenites areolatus. Among Coniferae most, frequent! are 
Ginkgoaceae. Cycadophyla were obviously resedimented from the substratum. As for 
paleocology, the period was characterized by tropical climate with, numerous Angio­
spermae. 

Sediments of the evapori te sequence in a depth 1034—1056 m contain p redominant 
Angiospermae with younger arctoterliary elements indicating Lower-Oligocene or 
Middle Oligocene age of the sediments. The next sedimentat ion period is reprcsenled by 
Obtnangian clays. Flora comprises numerous .Middle—Miocene plant species and is 
analogous with other Ol lnangian flora. 

Carpathian flora in a depth 820—840 m comprises subtropical plant elements and 
numerous Middle-Miocene types of Sporomorphs . In lhal period climate was still subtropi­
cal. A comparison will) Lower-Miocene flora shows relative temporary warming of 
climate. 

The present article deals with the evaporite sequence, i. e. a short, period of the entire 
sedimentation and of the history of flora in ibis area. 

In a depth of 1034—1051 m flora is monotonous when compared with that of 
underlying sediments. The pollen pattern of the latter indicates a very abundant tropical 
hydrophi lous vegetation. 

Spore-pollen composit ion: Among Cryptogammae frequent arc only Leiolrileles 
adriennuis, Leiolrileles parania.rim.us, Corrsporis tuberculatum (W. K r u t s c h L967 
quoted that, spore from Middle Oligocene) and Gleichenidites. The rest of flora com­
prises Angiospermae of trialriopolenites. tricolpate, tricolporate and tetracolporale 

http://parania.rim.us
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Plate 1 
Fig. I. Leiotriletes paraximus K r u t s c h 1959. — Fig. 2. Leiotrilrles adriennis (R P o t 
et G e l l . 1933) W. Kŕ. 1959. - Fig. 3, 5, 6. Corrusporis tuberculalus W. K r. 1967. -

Fig. 4. Undulatisporhes concavus K c d v o s 1961. 
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0 40 r 
Plate II 

[•',„ 1_3 Triatriopollenilrs cxcchu* subsp. /nr-í./u.s- ľ ľ. 1953. - Fig. 4 - 5 . PlcrocanjapMe-
nilcs sp - Fig 6-7 ftío;>ii/>i'íes sp. - Fig. 8 - 9 . Myricipites myncoides (k r e m p 1950) 
N u „ y L969. - Fig. 1 0 - 1 1 . Myriciphes rurensis (T h. el P í . 1953) N a g y 1969. - Fíg. 
12—13 Oculopallis sp. - Fig. 14—15. Nothofagidites makinsenii laesigalus K o d v. 1962, — 

Fig. 15—17. Slowakipollis sp. — Fig. 18. Pollenites laesus R. P o t . 1934. 
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I I I 

u 4 0 * 

Plate III 
Fig. I — 3. Carijapollenítes simplex. — Fig. 4—5. Cíirpiinispollenites stpllalus. — Fig. 5—6. 
Subtriporopollcnites cf. vadosun (P i. 1953) W. K i-. 11)112. — Fig. 7—S. Tricolporopollenites 
parmularius (R. P o t . ) P f. et 'ľ li. 1953. — Fig. 9—10. Tricolporopollenites sp. — Fig. II — 
12. Cyrillaceaepollenites megaexaclus (li. P o t . 1931) R. P o t . I960. — Fig. 13—14. 
Tricolporopollenites typus microreticalcttus. — Fig. 15—16. Kricipiles sp. — Fig. 17—18. 

Tricolporopollenites villensis (Tli. 1950) PF. ci Tli. 1953. 
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morphological " roups . These groups arc very frequent, in ihe evapori tc samples and 
comprises ecologically mixed and varied elements. Among these arc pollen of typical 
Paleogene genera and species absent, in Miocene and morphological species which arc 
also in Lower Miocene. These are: Pterocaryapolleniles, various species of the genus 
Myricipites, Tricolporopollenttes microhenrici, TricoloporoUenites henrici. On 'the 
other hand there are pollen of ^ o linger Oligoccne—Miocene flora including the genus 
Slowakipollis sp. with two different species and Juglanspolleiiites. T h e Oligo-Miocene 
flora in the evaporitc sequence comprises pollen of the families Nyssaceae, Cart/a. 
Ulmus, Chenopodiaceae, Castanea, Cupuliferae, Engelhardtia, Typha, Cyrillaceae. 

This sporomorph pattern represents two mixed types of flora. Some species of tropi­
cal flora are gradual ly replaced b y subtropical species with more numerous arclolerliary 
plant types. 

Paleoecological s tudy of the evolution of flora, beginning with underlying Eocene 
sediments points out to a regressive period in the course of the genesis of evaporite sedi­
ments. Here is much poorer flora in species than Eocene flora, and among Cryplo-
gammae only few species are preserved in the evaporite sediments. The conspicuous 
climatic change look place between the Eocene and Middle Oligoccne in this area. Its 
cause is perhaps in regression of the sea. in a longlasling arid period accompanied with 
the extinction of abundant fern-like vegetation. Due to this period also the marsh areas 
were replaced by small drying lakes with only a nou-extensive /one of humid soil. 
During this period no coniferous species appeared, being very frequent in the Central-
Carpathian Paleogene (P. S n o p k o v á 1971). 

An analogous regressive period was also in the Lower Oligoccne of the area around 
the I Iron river (Polomka-Brezna, 1*1. P l n n d e r o v á in print). Elora is somewhat 
different here, still its xerophilous character is in common with the former. 

As for the age of the sediments examined, it is Lower—Middle Oligoccne, as indicated 
mainly by the presence of the genus Slowakipollis. The latter used to appear only as 
late as the Oligoccne. 

Conclusions 

L A detailed evaluation of all the positive samples with sporomorphs from the bore­
hole GK-IV, concerning the evolution of flora from Upper Cretaceous to Carpathian (in 
Xeogene). showed that Upper-Cretaceous or Lower Paleogene hydrophi lous tropical Flora 
gradual ly changed. In the evaporitc sequence it is replaced by suptropical xerophilous 
flora and in Otlnangian comprises arctolerl iary genera and families that may be corre­
lated with pollen spectra known from the area of Modrý K a m e ň . 

2. The evaporite sequence is of Lower to Middle Oligoccne age. 
•'!. In the period studied, climate was subtropical, arid, with the rests of Paleogene and 

arctolerliary flora. 
\. The results of pollen analyses were correlated with pollen spectra of the West-

Carpathian Paleogene (P. S n o p k o v á 1971) and the inner depressions (Ľ. P l a n ­
il e r o v á in lit.). 

o . M i o c e n e sediments in the substratum of the volcanic Badcnian in the borehole 
OiK-I\ — Otlnangian — a facies of overlying clays and Oncophora sands, and Car­
pathian — a facies of manganese sands and a schlier facies show only slight, difference 
from the Otlnangian and (he Carpathian of tbc Ipeľská kotlina. Different is the degree 
i>l sorting in Oncophora sands — a proof that the sedimentation around Bzovik pro-
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(•(.('ded in :i q u i d , partially dosed cii\ i ronmenl. Absent are some minerals of n i d a m o r p h i c 
origin, typical of sandy facics in i lie Carpathian of the Ipeľská kotlina: the pebble and 
sandy malarial arc Mesozoic. and especially dolom:tc elastic material. 

(>. A sulphate-carbonate sequence with 8 — 9 0 % of terrigene materiál either as an 
a d m i x t u r e in carbonates or as sillsl • beds with carbonate cement. T h e sequence con­
tains dolomite with a slight excess of Ca-compononi — up to Ca.y,Mg',<; mole o- Calcite 
is in basal and terminal par-Is of the evaporile sequence. In the basal part are calcite 
relicts of organisms, mainly of algae, in the terminal — calcite psoiidoninrphoses after 
gypsum. Anhydri te either forms pseudomorphoses after gypsum or fills pores and 
cracks, or forms fine layers separated by lamines of dark clay. Its content varies 
between 2 and 8 0 % . 

7. T h e average content of Sr is 10.\ higher in the evaporile sequence than in under­
lying and overlying sediments. Sr is bound mainly to the mineral eelesline which is the 
filling of pores and vesicles on the contact of dolomite and dolomite-anhydrite sedimen­
tation. Fine crystals of eelesline (up to 10 u) were found in dolomite and anhydr i te by 
electron niieroanalyser. A little amount of Sr (approx. QA % ) is diadoehically built in 
dolomite, approx. 0 . 2 % in anhydri te . The Sr content decreases with the increasing 
portion of the terrigene component and boron. 

8. T h e li-eonlenl is greatest in separated clays of the evaporile sequence, decreasing 
gradually in overlying clays and in Oncophora sands of the Oltnangian. The amount ol 
adjusted boron in dolomites has 2 m a x i m u m s corresponding to the values lor slighl-
evaporile dolomites; oilier values being within the scope of values for marine sediments. 

!). The genesis of lbe evaporile sequence is supposed lo be analogous with recent 
evaporiies forming on a pericoaslal flat plain In arid warm climate due to evaporation 
of brines ascending through capillaries lo the surface of porous sediments. Dolomite 
arose in early diagenesis by substitution of aragonite in the process ol forming ol 
gypsum. Anhydri te arose diagenetically by substitution for gypsum forming idiomorph 
crystals or layers, or secondary Idling id vesicles and cracks. 

10. Light porous dolomites of microcrystalline texture arose perhaps by dolomitiza-
lion of vitreous volcanic lull's or lul'files — as indicated by the presence of pyroxene. 
amphibole, and volcanic glass in the insoluble residuum. 

1:1. Underlying Eocene sediments oľ 25.a m thickness differ from the evaporile 
sequence in their high content of calcite. in the presence of carbonised plant remains 
and id' leached shells of freshwater macrofauna. indicating thai the sediment was affected 
by emergency and by atmospheric water. 

Translated by li. .JASSIXCIÍROVA. 
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