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Abstract: Carbonate samples were collected from the
Lower and Upper Carboniferous of the North Gemeric
Unit, including the stratigraphically undated Diibrava
Beds, which are at present considered to be a part of the
Borka Nappe and the Upper Carboniferous carbonates of
the Turfia Nappe. The principal aim of this work was to
identify the differences in the bulk chemical composition,
the contents of trace and rare earth elements, as well as
the isotope composition of C and O in the studied car-
bonates, and thus to obtain criteria for correlation of
problematic horizons and for the interpretation of car-
bonate genesis and post-deposition alterations.

Besides these completely analysed samples the stud-
ied set comprises single isotope analyses of Mesozoic
carbonates of the Turfia and Silica Nappes, as well as
additional isotope analyses from eastern occurrences of
the Borka Nappe and from the KoSice and Burda mag-
nesite deposits. The presented results helped to distin-
guish carbonate rocks of different grade of metamor-
phism, as well as different sedimentary conditions.

Key words: Inner Western Carpathians, Carbonifer-
ous and Mesozoic carbonates, bulk chemical composi-
tion, trace and rare earth elements, O and C isotopes,
TVI decrepitation analysis

Introduction

Stratigraphic and paleogeographic problems of
the Upper Paleozoic have been solved using the
method of lithogeochemistry and determination of
isotope composition of C and O from selected car-
bonate horizons of the northern Gemericum. The
selected samples included carbonates from bios-
tratigraphically documented horizons as well as ho-
rizons so far biostratigraphically undocumented

33 samples were collected in the first stage, with
the aim of determining the feasibility of selected meth-
ods and to which degree the obtained results may be
interpreted in view of the complex geological deve-

lopment of the studied area, above all the multi-
phase metamorphic development, hydrothermal-
metasomatic alterations, changes in lithologic
composition, insufficiently uncovered terrane and
many others. The analysed set included samples
from Lower Carboniferous sequences of the Ocht-
ina Formation as well as the Crmer Group, from the
Upper Carboniferous Zlatnik Formation as well as
the Turiec Formation from the borehole BRU-1, of
the same age. Further samples were taken from the
so far problematic, as far as its age is concerned,
Diibrava Beds from the Nizna Slana depression,
which are at present considered to be a part of the
Borka Nappe.

The principal aim of this work was to identify the
differences in the proportions of elements, including
rare earth elements, as well as the isotope com-
position of C and O in the studied samples, and
thus to obtain criteria for stratigraphic correlation of
so far undated horizons. Of course, the aim of the
investigation was also maximum use of the ob-
tained data for the interpretation of carbonate
genesis ard post-deposition alterations, and thus
solving the problems of sedimentation environment.

Besides completely analysed samples, the
studied set included also additional analyses of
isotope composition of Mesozoic carbonates from
the B6rka, Turha, Silica Nappes, and the Foederata
Group as well as from magnesite deposits from the
area of Kosice and Burda. The presented work
contains first analytical results from the above set.
We are aware of the fact that more precise interpre-
tation of tha data will require further samples. Be-
cause of th s, we consider the presented interpreta-
tion to be preliminary results and data on geo-
chejmical and isotope composition of the carbonates
as our con:ribution to the newly established data-
base on the composition of above all Carboniferous
carbonates.
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Geological setting and localisation of the samples

Northern Gemericum

Ochtind Formation - Lower Carboniferous

The upper part of the Ochtina Formation is charac-
terised by the development of carbonate members,
indicating generally in the paleogeographic evolution a
stage of shallowing of the original sedimentation basin.
25 samples have been analysed lithogeo-chemically
from this sequence, O and C isotope analysis has
been made from 16 samples. The material was col-
lected at following localities:

Loc. Ochtind - the stratigraphic succession starts with
black, graphite shales, replaced towards the overlier by
heavy-bedded dolomites, in some places with intercala-
tions of dark shales. The dolomites are in their upper part
changed into magnesite. 3 samples were taken for isotope
study - I. dolomites; 2. fine-grained limestones with dis-
seminated grains of magnesite; 3. coarse-grained mag-
nesite. The samples are marked as Ocht.-l, Ocht.-2,
Ocht.-3. At this locality, the age of the upper part of the
Ochtina Formation was originally biostratigraphically
documented on the basis of trilobite, brachiopod fauna,
as Namurian B-C (BouCEK and PRIBYL, 1960). Later on,
this age was stratigraphically re-evaluated and on the
basis of conodonts the whole formation was reclassified
as Upper Visean - Serpukhovian (KOZUR, MOCK and
MOSTLER, 1976).

Loc. S of Markuska - a small lens of grey, fine-crys-
talline, finely laminated limestones of the Ochtina For-
mation. It is found below the main magnesite horizon in
the part of the Ochtina Formation where clastic meta-
sediments with admixture of basic volcanic material are
predominant. The sample is marked 7/G.

Loc. Hrddok - a dolomite lens from the underlier of
the main magnesite horizon, in the continuation of the
Mikova-Dubrava belt. The carbonates are dark-grey in
colour, recrystallized, irregularly grained. The sample
was taken in the area of the elev. p. 707 and marked
10/G. Sporomorphs of Visean age have been found in the
underlier of this carbonate lens (Bajanjk and
Planderova, 1985).

Loc. Burda — a phyllite complex with subordinate
metasandstone intercalations, in which there are beds of
grey, finely lamelled crystalline limestones. On the geo-
logical map of the Slovenske rudohorie Mts. - eastern
part (BAJANIK et al. 1984) they have been included into
the Zlatnik Formation, however, without biostratigraphic
evidence. This has been based on the fact that below the
horizon there are in places thin layers of fine-grained
metaconglomerates. It is however very probable that they
are a part of the Ochtina Formation, or its youngest
members, which have been otherwhere reduced. A mar-
ginal possibility is that it belongs to younger sequences,
equivalent to the Dubrava beds. This stratigraphic clas-
sification is thus still problematic. Samples from this
locality have been marked Burda-2, Burda-3.
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Loc. Dubrava-Mikova - they belong to the upper part
of the Ochtina Formation, to the main magnesite horizon.
They are considered to be equivalent to magnesites from
Ochtina. Samples were taken from the mine Mikova
(provided by workers of Geological Survey SpiSska
Nova Ves, Division Rozfiava). They are representing
dolomites associated with magnesites directly at the de-
posit. Sample 14/G corresponds to heavy-bedded, dark-
grey dolomite and 15/G is fine-grained, massive dark-
grey dolomite.

Loc. Dankov-Kosice - magnesite layers associated
with dark shales and metasandstones. On the geological
map of Slovenske rudohorie Mts. - eastern part (BAJANIK
et al., 1984) the whole sequence has been included into
the Zlatnik Formation, without any biostratigraphic evi-
dence. Litho-logically it is however absolutely identical
with the sediments of the magnesite horizon of the
Ochtina Formation. A total number of 7 samples was
taken from the deposit Bankov, from different magnesite
grain-size varieties: 16/G - fine-grained magnesite, 17/G
- coarse-grained magnesite, 18/G - medium-grained
magnesite, 19/G - fine-grained magnesite, 20/G - me-
dium-grained magnesite, 21/G - fine-grained magnesite.
Sample 23/G was taken from the borehole KV-6, located
in the deposit area of Bankov (material provided by dr.
Varga).

Besides these further magnesite samples were taken
into isotope analysis from magnesite deposits of Burda
and KoSice only (borehole GD-32).

Crmel Group - Lower Carboniferous

Loc. Crmel' Valley - grey, crystalline limestones form
only a few thin lenses among predominant clastic meta-
sediments associated with basic volcanics and volcano-
elastics. The age of this lithostratigraphic unit was
determined on the basis of sporomorphs as Upper Tour-
naisian - Visean (SNOPKOVA in BAJANIK, SNOPKOVA and
VozArovA, 1986). The sample from the Crmel' Group
limestones is marked 1/G.

Loc. Kave£any - small magnesite lenses are a part of
the uppermost Crmel' Group. They were correlated with
the first magnesite horizon from Ochtina (ABONYI,
197F). 2 samples were taken from an abandoned quarry:
4/G - nodular magnesite; 4/G-B - coarse-grained mag-
nesite.

Zlatnik Formation - Upper Carboniferous

Its lithologic development represents a volcano-
sedimentary formation composed mostly of clastic,
less of carbonate lithofacies, which on the majority
of occurrences is characterised by the presence of
basic volcanic and volcano-clastic rocks. Organ-
odetritic limestones form lenticular bodies in the

lower part of the Zlatnik Formation, associated here
with dark shales and lithic graywackes.

Loc. DobSina - the carbonates are captured in several
tectonic blocks among rocks of the Early Paleozoic
Klatov Group. They were to a considerable extent meta-
somatically altered into siderites. In the past they were
economically exploited. These carbonate horizons pro-
vided a lot of biostratigraphic information. According to
macrofauna, identified for the first time by RAKUSZ
(1932) and later re-evaluated by BOUCEK and Pribyl
(1960), this horizon belongs to the Westphalian B-C.
The found flora was classified as Westphalian A-B
(NEMEJC, 1946; 1953), similarly as conodont fauna
(KOZUR and MOCK, 1977). Dark-grey organodetritic
limestones, irregularly-grained, with an admixture of
originally clayey substance, were taken from 3 localities
- 1. north-western margin of DobSina, loc. Jeruzalem-
berg, sample 2/G; 2. northern margin of DobSina, in the
continuation of Kupel'na Street, sample 8/G; 3. DobSin-
ska MaSa - tectonic contact of the Hamor Formation and
Rakovec Group, sample 22/G.

Turfia Nappe

Borehole BRU-1, Turiec Formation - Upper Car-
boniferous

The borehole has been situated into the Brusnik
anticline, with the aim of investigating its geological
structure. Two tectonic units were reached by the
borehole profile: 1. olistostrome formation of Upper
Carboniferous age - the Turiec Formation
(VozArovA, 1992), correlated with the formation of
Szendro phyllites from Szendro Mts. (depth 0-598.8
m) and classed with the tectonic unit of Turnaicum;
2. olistostrome and pelagic formations of Jurassic
age, compared with the Meliaticum Jurassic
(Vozarova and VozAr, 1992). For isotope study,
carbonates were taken from the Upper Carbonifer-
ous formation, from the olistholith horizon, in the
interval 75-116 m. They are light-grey, some with
clayey admixture, or weakly silicified. The carbon-
ates, predominantly limestones, less dolomites, are
irregularly recrystallized, with an admixture of or-
ganodetritic material. Conodont fauna, identified by
Ebner (Ebner et al., 1990) indicates mixed charac-
ter. Olistoliths from carbonates from the interval
114-116 m contain conodont fauna of Namunan B -
Westphalian A age and in the interval 136-146 m of
the span Emsian-Turnaisian and Namurian B - C.

From the borehole BRU-1, 5 samples were taken
from depths 76.0m, 86.0m, 95.8 m, 111.5 m, 114.0 m.
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The Mesozoic sequences of the Turna Nappe
(Turnaicum) are represented by basin facies of
limestones and dark shales in the Middle and Upper
Triassic and variegated sediments of evaporite for-
mations associated with "red-beds" in the Permo-
Triassic (ex Mello et al., 1992). The following
samples were taken from these sequences:
4/92 - Dvorniky; 6/G - Honce quarry; 9-10/92 - Jel-
Savska Teplica; the borehole DRZ-1 from depths 179.1m,
236.6 m, 418.5 m, 443.6 m, 1183.7 m, 1203.8 m.

Borka Nappe

Dubrava Beds

This group includes white crystalline limestone,
classified originally by Fusan (1959), Snopko
(1966) as Carboniferous and described under the
name of Dubrava Beds. They are associated with
metabasalt tuffs, dark shales and metasandstones.
The only subordinate lithologic member are here
layers of fine-grained metaconglomerates and re-
deposited rhyolitic material. On the geological map
of the Slovenske rudohorie Mts. - eastern part,
Mello (in BajanIk et al., 1984) classed a part of the
Dubrava Beds occurrences with the Middle to Up-
per Triassic of the Meliata Group s.l., based on
lithologic similarity with paleontologically docu-
mented occurrences. A part of the occurrences -
the area of the elev.p. Hradok, N of Jelsava and S
of the village Chyzne - remained classified as Car-
boniferous, as the equivalent of the Zlatnik Forma-
tion. This solution however does not correspond to
reality, since lithologically as well as by the degree
of alteration these occurrences are completely
identical with sequences included into the Meliata
Group s.l. The Dubrava Beds are typical not only as
far as their lithologic development is concerned, but
also by the transitional, medium- to high-pressure
type of regional metamorphism in temperature
conditions of greenschist facies (VozArovA, 1993).
In the last time, when compiling the geological map
of the Slovensky Kras (Slovak Karst) area, 1 : 50 000
(Mello et al., 1992), sequences with manifestations
of high-pressure metamorphism were distinguished
in Meliaticum and defined as a separate unit - the
Borka Nappe.

A characteristic feature of the Dubrava Beds
from the Nizna Slana depression, which are also
included into the Borka Nappe and from which
were taken most of samples studied in this work,

is the simultaneous occurrence of giaucophanites
with green schists. The latter contain actinolites
with high Na content in M4 position, which corre-
sponds to medium- to high-pressure conditions
(VozArovA, I.e.).

From white crystalline carbonates were taken the
following samples: dolomites —> 3/G - quarry S of
MarkuSka; 9/G - NW of the forester's cottage Hradok;
limestones —> 5/G - abandoned quarry N of Ochtina;
11/G - Jordan Valley, N of Jelsava; 12/G - abandoned
quarry S of Chyzne; 13/G - loc. as 12/G; GV-25/94 - W
of elev. p. Zdiar; GV-64/94 - NW of Ochtina village;
5/92 - N of Borka village; 6/92 - Sugov valley, S of
Medzev.

Borka Nappe - eastern part

The dominant member of the eastern part of the
Borka Nappe are white marbles (samples 5-6/92)
which are very closely associated with giaucophan-
ites, and smaller amount of metasediments.

Silica nappe

Non-metamorphosed Mesozoic sequences in
the stratigraphic range Lower Triassic to Lower Ju-
rassic (GaAl - Mello, in Bajani'k et al. 1983,
Mello in Mello et al., 1992). The Lower Triassic
is represented by variegated sandy-shaly
sediments, yellow and grey carbonate shaies and
graywackes. In the Middle Triassic, mainly in the
Anisian, epiplatform carbonates and dolomites are
predominant, replaced in the Ladinian and mainly
in the Upper Triassic by sediments of an unstable
shelf, alternating with zones of hemipelagic
sedimentation (cherty limestones). The Lower
Jurassic sequence, preserved rudimentary only, is
formed by red nodular and crinoidal limestones,
dark biomicrite limestones and radiolarites
(Dogger). Mainly the Middle-Upper Triassic
limestones were taken into isotope analysis: 7/92 -
Ostry vrch; 11-12/92 Silicka Brezova.

Southern Veporicum - Foederata Group

The Foederata Group was defined as Mesozoic
part of the cover of the south-Veporic crystalline
basement. Carbonate sediments correspond mainly
to the Middle and Upper Triassic stratigraphic hori-
zon. Samples for isotope analysis were taken from
the borehole G-37 - loc. DobSina - Hamor.
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Petrographic Characterisation and Degree of
Alteration

Northern Gemericum

Lower Carboniferous

Dolomites have in thin sections generally irregu-
larly grained, granoblastic texture, in relics sparite-
micrite, rarely with preserved intraclasts of micrite
carbonates and with relics of recrystallized tests of
crinoids, sometimes foraminifers. In intergranular
spaces there is finely dispersed graphite pigment
and flakes of metamorphic minerals (sericite, less
chlorite and talc). In variable quantities there are
oval grains or fine-crystalline aggregates of quartz.
Plan-parallel, horizontal lamination has been pre-
served in crystalline limestones of the Ochtina
Group (loc. Burda and south of Markuska), as well
as of the Crmef Group, in the form of concentra-
tions of graphite substance and sericite flakes, or
pyrite grains. Magnesites are fine- to coarse-sparite,
massive, mostly oriented, with marked pseudo-ab-
sorption. This sparite aggregate contains finely dis-
persed graphitic pigment. Besides this, pure,
coarse-crystalline magnesite is found in secondary
veins. Dolomites are associated with magnesites in
one sequence, while the latter, in contrast to bed-
ded dolomites,usually form massive, irregularly
restricted bodies. A component of the whole se-
quence are interlayers of dolomite and graphitic
shales and in the underlier of the dolo-magnesite
horizon an important layer of basic magmatic rocks.
Basic volcanoclastics associated with black shales,
metasandstones, mataconglomerates and sporadic
bodies of serpentinised ultrabasics complement the
lithostratigraphic succession below the magnesite
horizon.

Lower Carboniferous sequences in the Ge-
mericum have undergone regional metamorphism
reaching PT conditions of the lower part of green-
schist facies of low-pressure type. This alteration
grade is in carbonates documented by the mineral
assemblages: Dol(Mgs)+Tlc; Dol+Qtz; Dol(Mgs)+
+Tlc+Cc+Qtz.Pressure character of metamorphism
has been determined from b0 values of muscovite
from associated metapelites (Sassi and VozArovA,
1987). Temperature was estimated in the range
350-370 °C, at pressure of 2-3 kbar and relatively
high geothermal gradient of 40 °C/km. Recrystalli-
zation temperatures corresponding to the epizone

have been determined also from illite crystallinity (Kl
= 0.27-0.35 2 theta, Sucha and VozArovA, in
press).

Upper Carboniferous

Limestones of the Zlatnik Formation have irregu-
larly-grained, biosparite texture, with intraclasts of
biomicrite and microsparite texture, with relics of
recrystallized tests of crinoids, brachiopods, ostra-
cods, foraminifers. Frequent are secondary veinlets
with calcite filling. Metamorphic grade of the Zlatnik
Formation carbonates corresponds to early stages
of epimetamorphism, or the transition between an-
chi- and epizone. In the more distant associated
metapelites (area of Mlynky), corrected illite crystal-
linities correspond to the value of 0.23 2 theta
(Sucha and VozArovA, I.e.). In carbonates is the
under these conditions stable calcite, along with
quartz, associated with small amount of illite and
paragonite.

Turfia Nappe

Limestone olistoliths from the Turiec Formation
have in the borehole BRU-1 massive, finely la-
melled and in some parts also strongiy pressure-
oriented structure. Their texture is biosparite, in
some places microstylolith. In this texture there are
chaotically distributed recrystallized fragments of
crinoid, ostracod and bivalvian tests. Sporadically,
oval bodies with cross-extinction inside have been
found, which, according to dr. BoorovA (pers.
comm.), correspond to zoospores - Globochaete
sp. In the crystalline aggregate of calcite there are
rhombi of newly-formed dolomite and oval grains
and aggregates of quartz. In fine sedimentary lami-
nae, as well as in foliation planes in schistose varie-
ties, there are concentrated besides graphitic sub-
stance and pyrite grains also fine phyllosilicate
flakes. Fine-crystalline dolomites have also organ-
odetritic textures preserved in relics. The grade of
regional metamorphism did not exceed the condi-
tions of lower part of the greenschist facies, which
is documented by critical mineral assemblage
Ms+Ab in the associated metapelites. Pressure
character of the metamorphism has been deter-
mined on the basis of b0 values of muscovites
(Mazzoli and VozArovA, 1989). The derived tem-
peratures correspond to values abut 350 °C, at the
pressure 2-3 kbar and geothermal gradient of ap-
prox. 40 °C/km.
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Mesozoic sequence of the Turfia Nappe: Gen-
erally the grade of metamorphism of the Mesozoic
Turfta Nappe rock sequences reaches anchizone
P-T conditions.IC - averages maximally correspond
to the boundary of anchi- and epizone (about 300 -
350 °C; Arkai in Arkai & KovAcs, 1986 from the
loc. Zadielske Dvorniky). These results are in ac-
cordance with the chlorite-chloritoid metamorphic
assemblage, which was ascertained in metasedi-
ments associated with the carbonate horizon (loc.
Honce; VozArovA unpubl. inf.).

B6rka Nappe

Carbonates of the Dubrava Beds have in gen-
eral strongly pressure-oriented textures and accord-
ing to their recrystallization grade and composition
they belong to calcite and calcite-dolomite marbles.
In the granoblastic, strongly oriented aggregate with
pressure twin lamellae, besides calcite there has
been sporadically preserved also aragonite, which
is the critical metamorphic mineral of the high-pres-
sure assemblage. Besides quartz, there are in small
amounts associated chlorites, phengite and rarely
also giaucophane and in dolomites also talc No
relics of organic remnants have been found in them.
This mineral assemblage, as well as critical meta-
morphic mineral assemblages in metabasalt volcan-
ics, occurring together with carbonates in one hori-
zon, allow to interpret PT conditions of the formation
of the Dubrava Beds as greenschist facies of me-
dium- to high-pressure type (T=400-450 °C, P =
about 8-10 kbar, geothermal gradient 15 °C/km:
VozArovA, 1993; Faryad, 1995).

Silica Nappe

The carbonatic sequence of the Silica Nappe
has undergone diagenetic effect only.

Foederata Group

The Alpine metamorphism corresponds to the
higher pressure range of greenschist facies. Pres-
sure conditions were estimated by means of b0 val-
ues of muscovites (Mazzoli et al., 1992)

Lithogeochemical characterisation

Methods

For lithogeochemical study, fresh samples were col-
lected from surface outcrops, mines and borehole pro-

files, weighing 1 to 5 kg. Complete silicate analysis has
been made from the samples, as well as the determination
of selected trace elements and a part of lanthanoid-group
elements (Tab. 1, 2, 3). The same group of samples was
subjected to C and O isotope analysis. Chemical analysis
of oxides was made in the laboratory of Dionyz Stiir
Institute of Geology (GUDS) and trace elements were
analysed in laboratories of E.L., spol. s r.o., Spisska
Nova Ves, using AAS and ICP. The elements of the
group of lathanoids were determined in laboratories of
Geoindustria s.p., Praha-CernoSice, using INNA.

Interpretation of results

An important and relatively strongly varying
component is Si02, the carriers of which are above
all allotriomorphic aggregates of low-metamorphic
quartz and in dolomites and magnesites to a limited
extent also talc, which is a side-product of low-
grade metamorphism. The value of Al203/Si02 was
used to characterise the silici-clastic admixture in
carbonates, especially for expressing the relative
proportion of quartz and phyllosilicates (sericite,
paragonite, chlorite). Numerical values of this ratio
vary in the range of 0.01 to 0.48, while in the major-
ity of samples they are below 0.1, supporting thus
our original assumption. Values above 0.3 indicate,
according to Yudovic (1981), predominance of
originally clayey substance in the insoluble residue,
i.e. in the metamorphic stage of phyllosilicates.

From Tab. 3 it follows that these values are
higher only in four of the total number of samples,
and thus in these samples we may assume more
significant admixture of originally clayey substance
Based on this we may assume that in the majority
of samples the trace elements as weli as rare
earths and Na. K, Mn are associated iargeiy with
the carbonate component.

P2Os quantities vary in ail carbonate groups ap-
proximately in the same way They are derived from
phosphatic carbonates formed from fossil phos-
phatic tests of organisms.

The distribution of indicative elements, as well
as C and O isotopes in carbonates is shown in Tab.
3 and on Fig. 1, 2 The value of Mg/Ca in Lower
Carboniferous dolomites varies in the range 0.90-
0.95, which is somewhat lower than in ideal dolo-
mite stoichiometry. A little greater differences were
recorded in dolomites of the B6rka Nappe (0.88-
0.99). According to Folk and Land (1975), Ca sur-
plus in dolomites is controlled mainly by the origina'
salinity. In the sense of this hypothesis, salinity is
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Fig. 2 Distribution ofAl20/Si02, Ca, Mg, Mn, Sr, Na, K, U, Th and rare earth elements in carbonates of the Lower and
Upper Carboniferous and in the Dubrava Beds.

reduced due to mixing with meteoric water, leading
to increasing Mg/Ca values in dolomite in spite of
their decrease in solutions. Mg/Ca values in lime-
stones are low, varying generally within 0.01-0.04.
In our case we must assume mixing of the solutions
and migration of their salinity in diagenetic as well
as later on in the metamorphic processes. How-
ever, in spite of approximately same temperature
conditions of metamorphism of Lower Carbonifer-
ous and ?Mesozoic carbonates significant differ-
ences may be observed in their Mn and Sr/Ca val-
ues, considered generally the indicators of open
diagenetic system.

Mn contents in Carboniferous rocks vary in the
order of thousands (dolomites and limestones of the
Lower Carboniferous - 1174 ppm, n = 8; dolomites
and limestones of the Upper Carboniferous - 1507
ppm, n = 7), while in ?Mesozoic carbonates of the
Dubrava Beds only in tens of ppm (149 ppm, n = 9).
Mn contents in magnesites are approximately iden-

tical with other types of Lower Carboniferous car-
bonates (895 ppm, n = 7). Extreme increase of Mn
in Carboniferous carbonates may be explained by
Mn source in migrating reduction pore water in an
open system, during complex post-sedimentary al-
terations.

Sr contents in Lower Carboniferous carbonates
are considerably higher than in associated dolo-
mites and magnesites (limestones = 36-3395 ppm;
dolomites = 29-124 ppm; magnesites = 1-36 ppm),
due to their greater capacity to substitute Sr for Ca
(Fig.2, 3). Upper Carboniferous limestones have
relatively levelled Sr contents, in the range of 170-
288 ppm, but generally lower than average values
presented in literature. Similar Sr contents have
been determined also in carbonates of the
Dubrava Beds, while there are no greater
differences between dolomites and limestones
(limestones = 141-211 ppm; dolomites = 124-355
ppm).
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Fig. 3 Relationship ofMg, Sr, Na to Ca and isotopes of oxygen and carbon in dolomites and limestones of the Lower
and Upper Carboniferous and in the Dubrava Beds.

The relationship between Sr (expressed as
1000 Sr/Ca) and Mn (in ppm) provides information
on the original sedimentation environment and di-
agenetic conditions (Brand and Veizer, 1980). In
the analysed set of limestone samples, a marked
division may be observed in the Sr as well as Mn
contents (Fig. 4). Limestones of the Dubrava Beds
have relatively low Sr/Ca as well as Mn. On the
Sr/Ca vs. Mn (Fig. 4) diagram they are all lying in a
relatively narrow interval, in the high-Mg-caicite
zone, within Mn values not exceeding x+ s, and
thus also the degree of openness of the diagenetic
system. It must be assumed that during the com-
plex post-diagenetic alterations of these limestones
Sr was strongly depleted. It is probable that the
original composition corresponded to HMC, with
normal Mn values. Almost all Carboniferous lime-

stones display increased Sr/Ca values as well as
Mn, in the major part of them they are extremely
high. In a part of them Mn values do not indicate
exceeding of the degree of system openness, while
Sr was depleted less than in the previous group.
This may indicate than at least a part of the car-
bonate in original samples was open low-Mg calcite
(original sparite cement) and/or aragonite. A sub-
stantial part of the Carboniferous limestones is de-
pleted in Sr and at the same time enriched in Mn.
This means that the whole diagenetic system was
open and considerably influenced by meteoric water
and, later on, also by chemistry of metamorphic
fluids.

Na contents are generally higher in carbonates
of the Carboniferous than in the Dubrava Beds. This
applies to limestones as well as dolomites. Gener-
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ally highest average Na values are in magnesites.
Considering that Na contents and values of Mg/Ca,
Sr/Ca and Na/Ca may be indicators of salinity in the
sedimentation environment (Land and Hoops,
1973; Sass and Katz, 1982), Carboniferous and
Dubrava Beds carbonates formed in different sedi-
mentation environment. Carboniferous carbonates
formed probably in generally shallow, subtidal envi-
ronment, not excluding alternation with higher-salin-
ity conditions. This suggests dolomite formation as
the result of early diagenetic alteration of aragonite
sediment. This would be indicated by positive corre-
lation between Sr/Ca and Na/Ca and antipathetic
covariance with Mg/Ca. Distribution of 8018 and
8C13 shows in dolomites and limestone negative
correlation with Sr/Ca and Na/Ca (Fig.3). Some ex-
treme Na contents are probably connected with en-
richment during metamorphic processes and it is
thus not possible to interpret them from the view-
point of sedimentation environment.

Marked dependence between Th, K and Al203
concentration was determined only in limestones of
the Upper Carboniferous Turiec Formation. In other

sample sets the contents of K, Th,U do not corre-
late positively with maximums of AbOa/SiOa. This
means that they may be boded also in carbonates.
In general, anomalous U and Th contents have not
been determined in any of the samples. However,
Th quantities show good positive correlation with
rare earths.

The carbonate sets display certain differences in
the distribution, but above all in total REE contents
(Fig. 1; 5a,b,c,d). This is a reflection of their minera-
logical composition and probably, to a certain ex-
tent, of their different paleo-setting. A common fea-
ture of all three sets is their strong enrichment with
LREE with approximately same steepness of the
distribution curve, as well as identical trend of REE
enrichment depending on the chemical composition
of carbonates. In all three sets the highest REE
contents were determined in dolomites. There are
substantial differences in REE totals and the char-
acter of Eu anomaly (Tab. 4).

Average REE contents in the set of Lower Car-
boniferous carbonates are following: dolomites ® x
= 27.75 ppm (s.d. = 28.62; v. = 819.3; n = 4); iime-

Fig. 4 Relationship between Sr (expressed as 1000 Sr/Ca) and Mn, studied in samples of the Lower and Upper Carbon-
iferous and in the Dubrava Beds. Diagram after BRAND-VE1ZER (1980).
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stones ® x = 20.06 ppm (s.d. = 12.75; v. = 162.6; n =
4); magnesites ®x=8.11 ppm (s.d. = 2.26; v.= 5.11; n
= 8). Dolomites and limestones have approximately
the same course of the distribution curve, with aver-
age contents of (Eu/Sm)cn = 0.90-0.94 and (La/Lu)cn
= 5.84-5.03. Slightly positive Eu anomalies are dis-
played by samples with higher contents of Na, Mn
and in the case of limestones also Sr. The distribu-
tion curve in magnesites is relatively the flattest,
with slightly positive Eu anomaly, correlating with
their higher Na and Mn contents ((Eu/Sm)cn = 1.10;
(La/Lu)«„ = 2.14).

Upper Carboniferous limestones display consid-
erable differences in the total REE contents. In the
Northern Gemericum unit, in the Zlatnik Formation,
average REE content is 10.45 ppm (s.d.= 3.66; v. =
13.4; n = 2) and in the Turna Nappe, in the Turiec
Formation, average REE contents reach as much as
57.27 ppm (s.d. = 42.1; v. = 1775.4; n = 4). This trend
is preserved also in the dolomite sample (REE =
64.01). High REE contents are directly depending on
increased quantity of the originally clayey admixture
in these rocks, which was enriched in organic sub-
stance. Distribution curves of the Turiec Formation
carbonates have more marked LREE and HREE
fractionation, with corresponding average (La/Lu)cn =
8.64 values in the Turiec and 4.85 in the Zlatnik For-
mation. While limestones of the Zlatnik Formation
display slight positive Eu anomaly (average value
(Eu/Sm)cn = 1.13), in the Turiec Formation they have
negative Eu anomaly - (Eu/Sm) = 0.88.

Carbonates of the Dubrava Beds are characterized
by the lowest REE contents from the studied sets. The
same trend is preserved here as well, i.e. higher quanti-
ties in dolomites (x=8.66 ppm; s.d =8.66; v =74.9; n=3)
than in limestones (x = 4.75 ppm; s.d.= 4.94; v = 24.4; n
= 4). Moreover, dolomites are depleted in Eu (average
value (Eu/Sm) cn = 0.50), while the average chondrite-
normalized Eu/Sm value in limestones is 1. LREE vs.
HREE fractionation is in both carbonate types ap-
proximately the same.

From the above analysis it follows that rare earth
distribution and their total contents are associated
with i) phyllosilicates, thus in pre-metamorphic state
clayey component, and ii) substitution with Ca, Th,
Mn, Na and Sr. Fig. 6 shows relationships of REE
contents and their LREE enrichment to CaO and
Al203. Carbonates of the Dubrava Beds are in com-
parison with other sets significantly depleted in REE
and, at the same time, on the chondrite-normalized
curve they display relatively higher HREE enrichment

in relation to LREE, in comparison with carbonate
sets of the Lower and Upper Carboniferous (Fig. 5d).
This means that their composition was less affected
by terrigenous source and, to the contrary, the source
of HREE enrichment was most probably synse-di-
mentary volcanism. They formed in an area more
distant from the continent, in deeper sedimentation
environment, and, on the contrary, carbonates of the
Lower and Upper Carboniferous of Gemericum
formed in a shallow basin situated near the continent.
The latter is supported by lithological characteristics
as well as the character of found fauna communities.

REE contents in Lower and Upper Carboniferous
carbonates of Gemericum as well as Turnaicum are
similar to typical REE curves presented by Ronov et
al. (1974) for sedimentary carbonates as well as for
sparite-magnesite deposits of the Eastern Alps
(Morteani et al., 1982). Dolomites and limestones
of the Dubrava Beds, on the contrary, with their low
REE contents, negative Eu anomaly and relative
HREE enrichment in relation to LREE, remind of the
isotope composition of oceanic water (Hogdahl et
al., 1968). Generally it may be stated that Carbonifer-
ous sets enriched in rare earth elements display
positive Eu anomaly, or at least a very flat course of
the normalized curve. To the contrary, decrease of
the bulk rare earth contents in carbonates of the
Dubrava Beds is directly proportional to the negative
Eu anomaly (Fig. 5d). In the majority of Lower Car-
boniferous samples there is a slightly negative Ce
anomaly. According to Morteani et al. (1982), this
anomaly indicates marine sedimentation environ-
ment. However, it was also documented that the clay
component may mask this anomaly.

Generally, we may observe a depletion of LREE
in magnesites in comparison with associated lime-
stones and dolomites. This may be evidence that
magnesites formed by Mg-metasomatism of pre-ex-
isting carbonates. This may have been caused by the
fact that Mg+ ion has a radius more similar to HREE
and thus LREE are during Mg-metasomatism substi-
tuted along with Ca+ Morteani et al. (1982), KiESLet
al. (1990) as well as Morteani and Neugebauer
(1990) explain this process by Mg-metasomatism of
pre-existing dolomites, either by higher-temperature
fluids generated in the process of low-grade regional
metamorphism, or by irregular increase of geother-
mal gradient caused by thrusting. The theory of Mg-
metasomatic origin of magnesites is supported aiso
by enrichment in Ni, Co, Cr and Sc in Lower Carbon-
iferous dolomites and magnesites, while these con-
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Fig. 6 The relationship of (LalYb)cn to CaO (wt.%) and Al203 (wt.%). Explanations: carbonates of the Lower Carbon-
iferous - 1- dolomite dCl (full circle); .2- limestone vCl (empty circle); 3- magnesite mCi (asterisk); carbonates of
the Upper Carboniferous - 4 - limestone vC2 (full triangle); 5 - dolomite dC2 (empty triangle); Mesozoic carbonates
of the Borka Nappe -6- limestone vDB (empty square); 7- dolomite dDB (full square).

tents evidently do not correlate with increased Al (in
contrast to carbonates from the borehole BRU-1).

From other micro-elements, there have been de-
termined the contents of B, Ba, Co, Cr, Cu, Li, Ni, Pb,
Rb, V, Y, Zn and Zr. From them, B, Ni, Cr, Co, Cu, Y,
Sc and in a limited number of samples also U and Th
exceed average values for carbonates (Tab. 2).

Isotope Composition of Oxygen and Carbon

Data on isotope composition of carbonates from
the Western Carpathian area are available in the
works of Demovic et al. (1972), Veizer et al. (1976),
Kantor et al. (1981-1993), HladikovA et al. (1987),
LinterovA et al. (1992). They brought information
predominantly on isotope composition of limestones
and dolomites of Mesozoic and younger age.

Into this work we included, besides Carboniferous
carbonates of Gemericum, Tumaicum and Dubrava
beds, for comparison also samples of carbonates of
the Silica Nappe, from further occurrences of the
B&rka Nappe, from the Foederata Group of the
Southern Veporicum envelope, from Tumaicum in
the borehole DRZ-1 as well as further samples from
the magnesite deposit Bankov near Kosice (samples
from the collection of dr. Durkovicova and from the
depository of the Department of Isotope Geoiogy at
GUDS, Tab. 5).

Methods

For analyses of isotope composition of oxygen and
carbon we selected 73 bulk samples of limestones, dolo-
mites and magnesites. In some samples we analyzed also
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secondary veins. The homogeneity and mineral composi-
tion of the samples were checked radiometrically. 20-30
mg of a sample were used for the analysis, the samples
were crushed in agate mortar, heated in vacuum at 470 °C
for 30 min. to remove organic carbon. CO? was released
by a reaction with 100 % H3PO4 at 25 °C for calcites and
100 °C for magnesites and dolomites. Gaseous CO2 sam-
ples were measured by standard method on a mass spec-
trometer MAT 250.

The isotope ratios of 180/l60 and 13C/,2C were investi-
gated in carbonate minerals, presented as d per mil, in
relation to international standards in PDB or SMOW. The
results of isotope analyses are listed in Tabs. 5, 6 and
shown on Figs. 7-9.

Interpretation of results

The Crmef Group

3 samples were analysed - 2 magnesites from
Kavecany, with different structure (coarse-grained
and nodular) and laminated limestone from the Cr-
mef Valley.

All samples are characterised by high contents of
the light carbon isotope - with values of 813Cpdb of -
3.87 to -4.03 %o - different from other magnesite
samples. Due to limited number of analyses it is
now difficult to comment the low values of 8 13Cpob,
however, the high Sr/Ca and Na/Ca ratios allow to
assume that these rocks sedimented originally in
shallow marine environment. It is not possible to
exclude yet an influence of interstitial solution
chemistry in the post-diagenetic processes resulting
from genetic relationship with basic rocks. A more
precise answer to this problem requires analyses of
a greater number of samples.

The Ochtina Formation

This formation contains the largest number of ana-
lysed samples (31). Mineralogically they are lime-
stones, dolomites and predominantly magnesites.

Data on isotope composition indicate evident
smaller variance of the values of 5 13Cpdb and great
differences of the isotope composition of oxygen.
The lowest light oxygen isotope contents yield
limestone samples from the localities of Burda and
Markuska. The values of 5 18Opob and 8 13Cpdb ap-
proach values for marine unaltered Carboniferous
sediments from the Gobler Formation in the Sac-
ramento Mts. (Algeo et al., 1992). Margaritz et al.
(1°990) studied isotope composition of marine

limestones of Upper Carboniferous age in North
America and the determined the values of S 13Cpdb
are in the range of +2 to +4%o and 180PDB -9.6 to -
3.8%o. Meyers and Lohman (1985) mentioned for
marine limestones of Mississipian age 8 13CPDb of
+4%0 and 18Opdb -1.5%o.

Isotope composition of least altered carbonate
rocks of the Ochtina Formation is consistent with
the range mentioned by Veizer et al. (I.e.) for Car-
boniferous limestones and dolomites. For the sam-
ple with the lowest content of light oxygen isotope
we calculated the value of sea water paleotempera-
ture in the Carboniferous (Tab.7), it however yielded
an unrealistic value, which confirms opinions on
increasing light oxygen isotope contents during
geological stages by gradual equilibration of marine
limestones with isotopically lighter meteoric water.
The decrease of the values in our samples repre-
sents for 8 *Opdb3 to 4%o.

Another group of samples distinguished in the
Ochtina Formation on the basis of isotope composi-
tion of oxygen consists of limestones and dolomites
from the borehole KV-6 (Kosice-Bankov) and
dolomite from Dubrava (mine Mikova), with mean
values of 18Opdb -12.31 to -10.50%o. Isotope com-
position of oxygen in the rest of dolomite and mag-
nesite samples is relatively homogenous, in the
range of -17.99 to .14.99%o. Isotope composition of
carbon for all 3 distinguished sample groups indi-
cates marine origin of carbonate sediments altered
into magnesites. An exception is only a magnesite
sample from secondary vein the 8 13Cprje of which,
-5.51 %o, indicates probable presence of meteoric
water during its formation. Isotope composition of
carbon in the studied magnesites in the range of -
1.55 to +2.37%o leads to the assumption that altera-
tion of limestones into dolomites and magnesites
was caused by solutions not very different from ma-
rine water, at increased temperatures.

Kralik et al. (1989) summarised the results
of isotope analyses of magnesites and classified
them in 3 groups:

1. Cryptocrystalline to fine-grained magnesites
genetically associated with ultrabasic rocks have
carbonisotope composition in the range of 8 13Cpdb -
6 to -18%o and the values of 8 18Osmow+22 to +29%o.

2. Fine-grained Qarternary to recent magnesites
forming in evaporite environment are characterised
by high contents of heavy carbon as well as oxygen
isotopes (8 13Cpdb +1.7 to +4.6%o and 18Osmow +32
to +38%o). Older magnesites of this type forming
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extensive stratiform deposits have 8 13CPDb +2 to
+3%o and 18Osmow +25 to +37%o. Smaller uncon-
nected layers and concretions have 8 13Cpdb -2 to -6%o
and 18Osmow +18 to +22%o. To this group have been
assigned also magnesites of Eastern Alps and
Western Carpathians (sedimentary magnesites gene-
tically connected with evaporites of Upper Permian -
Lower Triassic age, Smizany, Nov. Huta).

3. Coarse-grained magnesites having a wide range
of 8 13Cpdb, -7.5 to +4%o as well as 18Osmow values -
+13to+17%0.

The analytical results of Lower Carboniferous
magnesites show rather that the majority of sam-
ples belongs to group No.3. On the basis of isotope
analyses of C, O and rare earth element, as well as
of selected elements contents we may consider that
the genesis of the Lower Carboniferous magnesites
was complicated, polygenetic. Relatively high Na
contents in magnesites as well as Sr contents in
some associated samples of limestones and
dolomites, as well as the distribution of Sr/Ca and
Mn, in spite of their low-metamorphic alteration, is
evidence of their probable formation in shallow-ma-
rine, in some places not excluding even evaporite
environment. REE contents, which are higher than
in typical sedimentary magnesites, as well as the
course of normalised REE curve and marked Mn-
enrichment signalise Mg input by metasomatic
processes. The assumed Mg source may be de-
rived from the associated basic and ultrabasic rocks
as well as intraformational crinoid detritus, with high
MgC03 contents (Bathurst, 1975, Neugebauer,
1978). Estimated temperatures of low-metamorphic
solutions attained 300-350 °C, and thus we may
assume that magnesite formed at temperature in-
crease and almost constant Ca/Ca+Mg (Cc+Dol +
+Mgs equilibrium reaction according to T-X diagram
of Johannes, 1970).

Zlatnik Formation

We analysed 3 samples from rocks of this for-
mation, collected in the surroundings of Dobsina. In
two of them (2/G, 8/G) there were abundant secon-
dary veinlets, which were subjected to analysis as
well. Isotope composition of oxygen as well as car-
bon of these samples is very similar and compara-
ble with values determined in the borehole BRU-1,
in its upper parts. Isotope composition of the sec-
ondary veinlets is also not very different. The third
sample, Dobsina-Hamor (22/G) has substantially

different isotope composition. The grade of altera-
tion recorded in petrographic description as well as
geological setting - a scale on the contact of the
Hamor Formation and Rakovec Group - indicate the
possibility of higher-grade metamorphism, which is
reflected in the oxygen isotope composition similar
to values characteristic for dolomites and magne-
sites of the Ochtina Formation. Isotope composition
of carbon in this sample indicates that it formed in
marine environment and its metamorphism oc-
curred at higher temperatures without participation
of light carbon of organogenic origin.

Turiec Formation - borehole BRU-1

Differences in the isotope composition of oxygen
are not significant, they vary within 8 18opdb -11.85 to
-9.93 %o. More marked are differences in the
isotope composition of carbon. Towards greater
depth the vaiues become more negative - lighter
isotope content increases. Differences in isotope
composition of carbon may have been caused by
the inhomogeneity of the original sediment
(olistoliths of shallow- as well as deep-water car-
bonates mixed within one horizon). Decrease of
S13Cpdb values may have been affected by C02i
released by decomposition of organic substance
abundant in the rocks. Isotope analyses of secon-
dary veinlets separated from limestones of three
deeper levels indicate higher contents of light C
isotope than in the original sediment.

Dubrava Beds

Unclear stratigraphic classification of some lo-
calities of the Dubrava Beds initiated the investiga-
tion of isotope composition of carbonate rocks in
this area. Five of the studied 6 samples occupy on
the O/C diagram (Fig. 7) a field with 813CpDe = -0.92
to 0.80 %o and S180PDB = -12.19 to -6.73 %o. An
exception is the sampie from the locality HradoK,
having substantially different oxygen (818OPDb = -
17.94 %o) as weli as carbon (813Cpdb = -5.59 %o)
isotope composition, enriched substantially in light
isotopes of both elements. At the first five samples
(Chyzne 12/G, 13/G, Ochtina 5/G, Markuska 3/G
and Jelsava 5/G) the differences in carbon isotope
composition are small, they vary in the range of -1
to +1 %o. They are similar to marine shallow-water
sediments, at the diagenesis of which meteoric
water played an important role. Differences in the
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■ Mesozoic of Turna and Silica Nappe as well as eastern part of Bdrka Nappe

□ G-37 Dobiina Hamor, ^ DR5-1 J el Java Form, v Dubrava Beds,

• BRU-1 Turiec Formation, o Zlatnik Formation, A Ochtina Formation, A Crmer Group

Fig. 7 Isotope composition of oxygen and carbon in the studied carbonates.

isotope composition of oxygen are more significant.
Samples of Chyzne 12/G, 13/G have S^Oroe values
near to -7 %o, similarly as higher-metamorphosed
Mesozoic limestones. The other 3 samples
(limestones from Ochtina and dolomite from Jelsava)
approach by their isotope composition of S^Ordb = -
12.19 to -10.08 %o the composition of carbonates from
the Zlatnik Formation, Brusnik anticline as well as the
borehole G-37. Very marked is the distribution of
projection points on the graph of O/C isotope

relationship (Fig. 7). Metamorphic manifestations and
pressure effects of the same character have been
recorded in petrographic description of samples of
these rocks. It is evident that isotope composition of C
and O in the described set of carbonates had been
influenced primarily by metamorphic solutions. The
relationship of Sr/Ca to Mn, the generally low REE
contents and relative enrichment in LREE indicate, in
controversy with isotope composition, rather deep-
water environment of origin.
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c - calcite d - dolomite, m - magnesrte v - vein or veinlet

xxxx - laboratory number (on the left side of the Rg.) xxXX - geological number (on the right side of the Fig.)

xxx-xxx°C - TVI decrepitation temperatures

l I - assumpionaly range of the isotopic compositjoin of the original solutions

Fig. 8 Isotope composition of carbonates and their source solutions with TVI temperatures.
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tab. 5

•Zones of Metamorphism DIA-ANC = zone of diagenesis - zone of anchimetamorphosis. ANC = zone of anchlmetamorphosls. ANC-GSF = zone of anchimetamorphosis - green schist fades;
UPGSF = upper part green schist fades. GSF ■ green schist facies. LPGSF = lower part green schist fades
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The very different isotope composition of dolo-
mite from the locality Hradok (9/G) may have been
influenced by meteoric water penetrating along the
Hradok thrust line near which the sample was col-
lected.

Mesozoic carbonates of the Silica and Turfia
Nappes

Mesozoic limestones of the Silica Nappe are the
least metamorphosed carbonate sediments from
the studied set. They formed in marine neritic envi-
ronment. Data on isotope composition of oxygen -
S18Opdb = -17 to -0.40 %o show that their diagenesis
took place in marine environment as well. The
813Cpdb values of these limestone vary from 2.42 to
3.41 %o. Similar data from limestones of this type
have been presented by Kantor et al. (1992) and
Fabri'cius et al. (1970) from brachiopod and mol-
lusc tests from Hallstatt limestones of Eastern Alps.
The authors calculated from these data water envi-
ronment temperature with values of 16.7 to 29.7 °C.
From data of our analyses we calculated paleotem-
peratures according to Epstein et al. (1953), vary-
ing in the range of 18.2 - 25.6 °C, if we consider the
5180Smow value of marine water 0 %o. The results of
these calculation are listed in Tab. 7. For a com-
parison there is included the paleotemperature cal-
culation for two samples of the Turfia Nappe
(Dvorniky, Honce, Jelsavska Teplica), a sample
from the eastern occurrences of the Borka Nappe
(Medzev, Borka) and of the lowest-metamorphic
Carboniferous limestone. For these four samples,
disproportionaily high temperatures have been ob-
tained, even at water environment value of -1 %o.
The data indicate higher metamorphic grade of
these samples.

Table 7
Sample Nc Locality 6 OpQB wo t°Cat

dw=-1 dw=0

887 Silicka Brezova -0 99 16.5 20.9
890 Silicka Brezova -0.40 14.0 18.2
885 Ostry vrch -1.26 17.6 22.1
886 Jel§avska Teplica -2.09 21.4 26.1
888 JelSavska Teplica -2.17 21.7 26.5
883 Dvorniky -5.93 41.1 46.9
810 Honce ^.95 35.7 41.2
892 Medzev -6.81 46.2 52.3
823 Burda 2 -5.90 409 46.0

Borka Nappe (eastern part)

The second group of samples of Mesozoic age
consists of Triassic and Jurassic (?) limestones of
the eastern part of the Borka Nappe. In comparison
with the previous group, its isotope composition is
different - higher contents of light oxygen as well as
carbon isotopes (S^Cme 1.09 to 1.85 %o, 8180pdb -
12 to -4.95 %o). The results indicate higher meta-
morphic grade, documented also by the calculated
paleotemperatures (Fig. 8). Metamorphism has
been proved also in the sample from Medzev -
Sugov Valley, where crystalline limestones occur in
association with glaucophanites. Exceptionally high
light oxygen isotope contents are in the sample
from Borka, indicating the highest metamorphic
grade from the sample group studied.

Kantor and MisiK (I.e.) presented in their work
813Cpoe values for different limestone and dolomite
types of Mesozoic age from the Western Carpathi-
ans ranging from 0.68 to 3.58 %o, 8180pdb -8.01 to -
0.48 %o, and Lintnerova et al. (I.e.) from the
Veterlin Series of the Male Karpaty Mts. 813Cpdb of
0.5 to 3.6 %o and 518Opdb of -6.3 to -2.2 %o. The
isotope composition of limestones from the Male
Karpaty Mts. has been interpreted by these authors
as influenced by meteoric water during diagenesis
of a part of the studied limestones. This problem
has been studied in greater detail by LintnerovA in
MiCHALiKetal. (1993).

We extended the original sample material to in-
clude also samples from the borehole DR2-1
(Drzkovce), which was complexly lithologically as
well as stratigraphically evaluated in the final report
of Mello et al. (1994). We analysed four limestone
samples from the Jelsava Beds (Lower Triassic)
and two dolomite samples from the Perkupa For-
mation (Upper Permian-Lower Triassic). Both
lithostratigraphic sequences belong to the Turfia
Nappe (Turnaicum).

On the basis of data on isotope composition of
carbon it may be stated that limestone from the
depth 179.1 m formed in deeper-marine environ-
ment (513Cpdb = 3.06 %o). Isotope composition of
oxygen (818OPDb = -10.37 %o) would indicate higher
temperature at deep burial of the sediments during
diagenetic alterations, without the participation of
meteoric water. The rest of limestone samples (from
depths of 236, 418 and 443 m) indicate shallow-water
environment (813Cpdb = -005 to -0.07 %o) and the
presence of surface water in diagenetic processes.
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Dolomites from the lower part of the evaporite
formation (from depths of 1183, 1203 m) contain
more heavy oxygen as well as carbon isotope than
limestones from the upper part of the formation.
Since at these samples we must also assume al-
terations in greater depths, we must consider the
isotope composition (enrichment in heavy O, C
isotopes) to be a product of hypersaline environ-
ment, similar to "sebkhas" of the Persian Gulf. The
presence of a several 100 m thick evaporite layer
supports the probability of the formation of the
studied dolomites in this way. Dolomites of such
origin have not been so far isotopically recorded in
the Western Carpathians.

Kantor and MiSiK (1992) proved on the basis of
their isotope composition the formation of the
dolomites in schisohaline environment.

Foederata Group of Veporicum

Sample material comes from the borehole G-37
(Dobsina-Hamor),from which there are not sufficient
data on its stratigraphic classification. Material from
the borehole has not been evaluated in detail -
according to present knowledge the rocks from the
depth 625 - 989 m, the analyses of which are pre-
sented, should belong to the Mesozoic metamor-
phic complex of the Foederata Group, which is a
part of the Veporicum crystalline complexes. In this
levels of the borehole, there occurred also evaporite
sediments (850 - 868 m), which, on the basis of the
isotope composition of sulphur, were classified by
Kantor (Kantor et al., 1982) as Middle to Upper
Triassic.

isotope composition of carbon and oxygen in 4
limestone and 1 dolomite sample are characterised
by considerable variability. We assume that the
great variability in the isotope composition of carbon
indicates frequent changes of sedimentation envi-
ronment during the formation of carbonate shallow-
water rocks (from depths of 625.5, 850.5 and 898
m) having 813Cpob of -1 to +1 %o and hypersaline
ones from the depth of 879 m (83Cpdb = 4.05 %o).

Isotope composition of oxygen in all samples
indicates higher grade of pressure reworking which
underwent rocks in the lower part of the borehole G-
37. This is indicated also by the distribution of gyp-
sum and anhydrite, which, except for a continuous
layer, occurs in the carbonate rocks in the form of
an irregular network of fine veinlets (Tab. 5, Fig. 7).

For a comparison, the sample of the Senonnian
freshwater limestone from the Dobsina ice cave
has, consistently with its origin, the lowest content
of heavy carbon isotope, approaching zero value.

Application of thermometric study and isotope
analyses in determination of possible isotope
composition of source solutions of the studied
carbonates

From the studied set of carbonate samples,
suitable ones were selected for thermometric inves-
tigations. Decrepitation TVI analysis yielded values
in the range of 100 to 190 °C measured on sixteen
samples, which could be evaluated (Tab.6). These
temperatures are more or less consistent also with
the relationship of the liquid and gaseous phase
observed at microscopic study of the carbonates.

Results of TVI decrepitation analyses and iso-
tope analyses of oxygen - S18Osmow of the studied
carbonates have been used to calculate estimated
isotope composition of the source solutions. The
relation of fractionation alpha factors between the
carbonates and water has the following general
form:

1000 In a carbonate-water = 5 carbonate - 5 water - A.10 ,T + B,

where T is absolute temperature and A and B are
constants. In our case, we used constants applied
by Aharon (1988):

A B
for CaC03 2.78 -2.89
for dolomitei 3.06 -3.24
for dolomite2 3.23 -3.29
for magnesitei 2.95 -2.16
for magnesite2 3.53 -3.58

Estimated values of oxygen isotope composition
in source solutions of the carbonates studied,
based on measured TVI decrepitation temperatures
and oxygen isotope composition in SMOW, are
listed in Tab. 6. We used for calcites one set of
constants, for dolomites and magnesites both
(above). These data are in the graph on Fig. 8. We
consider here values calculated using constants for
magnesite2 and dolomite2.

TVI decrepitation temperature of secondary car-
bonate veinlets varies from 100 to 130 °C. Esti-
mated isotope composition of oxygen in source so-
lutions is different for various carbonates, the TVI
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decrepitation temperatures of which vary from 100
to130°C.

E.g., for magnesite from the sample 01_2132
(Kosice borehole GD-32) it is as much as -7.99 %0
d18OSMOW, which suggests enrichment of source
solutions by meteoric water. Interesting is the value
of d13CPDB in this sample - -5.51 %o. It is practically
the isotopically lightest carbon in the whole set
studied. Lower values of isotope composition of
oxygen in source solutions are obtained also from
magnesite veiniets of the same borehoie, from the
depth 108 and 190 m. 813Cpdb in these two samples
is near to zero (+ 1 %o).

Low TVI decrepitation temperatures (105 to
120 °C) were measured in samples 19/G and 21/G
with 818Osmow +15.1 ±0.1 %o. They are fine-grained
magnesites for which we estimate isotope composi-
tion of oxygen in the source solutions between
S18Osmow -5 and -6 %o.

On the basis of thermometric and isotope stud-
ies we can assume that magnesite veinlets in the
oorehoie GD-32 from the depth 19 and 108 m
formed under the same conditions and from similar
source as fine-grained magnesites of the samples
19/G and 21/G.

Another group consists of coarse-grained to
medium-grained magnesites of the samples 16/G,
17/G, 18/G and 20/G from Kosice, for which TVI
decrepitation temperatures have been determined
in the range of 140 to 180 °C. Isotope composition
of these magnesites is 813Cpob from -1.2 to +2.4 %o,

16/6 OpDB from -16.85 to -15.4 and 8 Osmow from
+14.4 to +16.1 %o. Similar data on isotope composi-
tion of magnesites from Kosice have been pre-
sented by Guillou and Letolle (1986). These data
allow to assume common origin for this group of
magnesites. This is supported also by the calcu-
lated isotope composition of oxygen in source solu-
tion, varying in the range of 8180Smow-1-7 to +1.5
%o. Such isotope composition of oxygen in source
solution is near to isotope composition of oxygen in
marine water.

We are confronted with a noteworthy situation
concerning the magnesite sample from Ochtina 3
(Fig. 8). In this sample, coarse-grained magnesite
(01_8321) is intersected by younger fine-grained
magnesite (01_8322). For the coarse-grained mag-
nesite, TVI decrepitation temperature of 130-140 °C
has been measured. From these data, 8 Osmow of
-2.9 %o has been calculated for the source solution.

TVI decrepitation temperature for fine-grained
magnesite is 185-190 °C, with 818Osmow of +2.42 %o
for the source solution. In contrast to Kosice, a
higher TVI decrepitation temperature has been
measured here for the more fine-grained type, and
thus also a different oxygen isotope composition for
the source solution. This means that fine-grained
magnesite in Ochtina formed at different conditions
than in Kosice.

For two dolomite samples from the mine Burda
(01_663 and 01664) with the values of 813Cpdb -1-48
and -2.54 %o, 8180pdb -12.54 and -14.82 %o,
818Osmow +10.15 and +16.79 %o, respectively, TVI
decrepitation temperatures have been measured for
both samples in the range 110-120 °C. From this,
values of oxygen isotope composition in source so-
lution were estimated at S18Osmow +0.44 and -1.92
%o. On the basis of these data it may be assumed
that marine water participated in their formation.

At last, we shall mention isotope composition of
two secondary calcite veinlets in limestones of the
Zlatnik Formation from Dobsina (8/G and 2/G):
813CPDB-0.29 and +1.37 %o, 8180pdb -12.64 and -
13.02 %o, S18Osmow +17.84 and +17.44 %0. TVI de-
crepitation temperatures measured for these cal-
cites were from 100 to 120 °C. From these vaiues we
may estimate the isotope composition of oxygen in
source solution - S'8Osmcw +0.75 and +1.40 %o. The
source of oxygen in these solutions may have been in
marine water (buried one as well).

Conclusions

Significantly higher concentrations of Mn, Sr, Na,
U, Th and rare earth elements have been found in
Carboniferous carbonates, as compared with car-
bonates with the Dubrava Beds. With the exception
of carbonates from the borehole BRU-1, no direct
dependence of these elements on Al contents could
be observed. These differences result from different
sedimentation conditions (shallow-water, in places
with increased salinity, vs. deep-water), as well as
different interaction grade in the diagenetic system,
influence of meteoric water, or chemical composi-
tion of metamorphic fluids.

REE contents as well as the course of normal-
ised curve in Carboniferous carbonates are similar
to values mentioned for sedimentary carbonates
and magnesite deposits in the Eastern Alps.
Dolomites and limestones of the Dubrava Beds, to
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the contrary, approach by their low REE contents,
more marked negative Eu anomaly as well as rela-
tive HREE enrichment in relation to LREE, the iso-
tope composition of oceanic water.

Considerable depletion in REE occurred in mag-
nesites, as well as relative enrichment of HREE in
relation to LREE, in comparison with associated
limestones and dolomites. We explain this by Mg-
metasomatism of pre-existing dolomites, solutions
enriched in Mg from the associated basic and ultra-
basic rocks, although intraformational source
(crinoid detritus) has been considered as well. This
is indicated by general REE decrease, characteris-
tic of basic and ultrabasic rocks, as well as enrich-
ment in Cr, Ni, Co, Sc in some of the samples.

When evaluating the distribution of oxygen and
carbon isotopes in carbonates of the sets studied
we must bear in mind several standpoints, above all
the sedimentation environment, age classification
and grade of metamorphism (Fig. 9). Since geologi-
cal structure of Gemericum is complex, the devel-
opment of each rock group, or even of separate
samples, was complicated, affected by polyphase
processes.

The oldest, Lower Carboniferous carbonates
belong to two sets - the Ochtina Formation and the
Crmef Group. Their extent of study, as far as iso-
tope composition is concerned, is not the same. In
the Ochtina Formation significant differences may
be observed in the isotope composition of oxygen,
in the direction limestones - dolomites - magnesites.
With advancing alteration, the proportion of the light
oxygen isotope, and to a lesser extent also of car-
bon, increases. Rocks of the Ochtina Formation are
metamorphosed in conditions of the greenschist fa-
des, values of their isotope composition correspond to
the grade of metamorphism, age of the sediment as
well as shallow-water sedimentation environment.

On the basis of isotope composition of magne-
site from this formation we assume that alteration of
limestones to magnesites occurred at the presence
of solutions similar to marine water. This has been
confirmed also by results of a detailed isotope and
paleothermometric study, which has shown that two
solution types participated in the formation of mag-
nesites:

a) solutions, where 818Osmow of -1.7 to +1.5%o is
similar to the composition of marine water. These
values have been calculated for coarse-grained
magnesites with decrepitation temperature of 140-
180 °C.

b) solutions with isotope composition of
1R8 Osmow of -8 to -4.5%o, determined in magnesites

with decrepitation temperatures of 100-130°C, in
which influence of meteoric water is evident.

Isotope composition of carbon from carbonates
of the Ochtina Formation corresponds to marine
carbonates.

Different isotope composition of carbon - higher
content of the light isotope - has been recorded in
rocks of the Crmef Group. In view of the small
number of analysed samples we cannot consider it
sufficiently representative. It could indicate the in-
fluence of freshwater environment at their forma-
tion, or diagenesis, or a connection with basic rocks
associated with them in the Crmer Group.

The set of rocks from the borehole BRU-1
comes from a carbonate olistostrome of Upper Car-
boniferous age. The grade of metamorphism
corresponds to the boundary anchizone - epizone.
This is reflected in small differences in the isotope
composition of oxygen and its higher values in rela-
tion to the Ochtina Formation.

Approximately the same values of 8180 and 813C
are in samples from the Zlatnik Formation, which
are, as far as age is concerned, comparable with
carbonates from the borehole BRU-1. They repre-
sent shallow-water organodetritic limestones, chan-
ged only to a very low metamorphic grade. Different
values of S180 are in the sample from Dobsina
(22/G), the isotope composition of which has been
affected by water circulating along the fault, near
which the sample was located.

A separate group of samples are limestones
from the Dubrava Beds. Isotope composition of
oxygen varies in them in the range of 818Opdb -12 to
-6%o, at small differences in the isotope composition
of carbon. They are rocks metamorphosed in the
upper part of the greenschist fades. Their isotope
composition of oxygen has however higher values
than in the weakly metamorphosed rocks of the
Zlatnik Formation, the equivalent of which it has
been considered by a part of geologists (Fig. 8). To
the contrary, the measured isotope composition of
oxygen in some samples approaches values of
metamorphic Mesozoic complexes of the Borka
Nappe (Medzev - Sugov, B6rka).

From this, affinity of the Dubrava Beds to the
metamorphic Mesozoic in the eastern occurrences
of the Borka Nappe may be derived, as assumed in
the geological map of Slovenske rudohorie - east-
ern part (Bajanjk et al., 1984), Slovensky kras
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(Mello et al., 1992), as well as on the basis of pe-
trographic analysis metabasaltic rocks of the
Dubrava Beds sequence.

Exceptionally different isotope composition
(high content of the light carbon as well as oxygen
isotope) displays the dolomite sample from Hra-
dok, originally also included into Dubrava Beds. Its
composition, however, reminds rather of carbo-
nates of Lower Carboniferous age, enriched in
light carbon. Similar values of isotope composition
of carbon reach, besides samples from the Crmef
Group, only secondary carbonate veinlets, in
which we assume the participation of surface
water in their formation.

Another problematic group are samples
marked Burda 2,3. In the geological map of Slo-
venske rudohorie Mts. (I.e.), they were included
into the Zlatnik Formation. Abonyi (1971) corre-
lated them with the Dubrava Beds. During field
investigation, even their classification with the
Ochtina Formation has not been omitted. How-
ever, their isotope composition trends to the
Dubrava Beds as well as limestones of the Och-
tina Formation from the underlier of the magnesite
horizon. However, it is not possible to solve this
problem unequivocally, due to the small number of
analysed samples from this horizon.

We could distinguish in the Mesozoic rocks very
well rocks of different grade of metamorphism
(Silica, Turna and Borka Nappes, Foederata Group),
as well as different sedimentation conditions.

The results of the study of carbonate sediments
of the Carboniferous to Mesozoic showed the pos-
sibility of application of this method and helped to
solve some controversial problems. They may be
used to parallelize rocks and to gain further, inde-
pendent data on the condition of their formation, as
well as subsequent processes. They also showed
the necessity of a detailed knowledge of the studied
rocks for correct interpretation of the results of iso-
tope analyses.
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