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TRACE ELEMENTS DISTRIBUTION IN TRIASSIC CARBONATES 
FROM THE VETERNIK AND HAVRANICA NAPPES (THE MALÉ 

KARPATY MTS.) 

(Figs. 9, Tabs. 2) 

r^~~^^^ A b s t r a c t : Trace e l e m e n t s contents (Sr, Na, Mn, Zn) w e r e ob-
/ y j y \ ~ 0 served in t h e G u t e n s t e i n dolomites, A n n a b e r g , Reifling, Wet ter-
V , i ^ . l z ť - \ / s te in and Dachste in l imestones r e p r e s e n t i n g t h e most s ignif icant 

^4-r and t h e most r e p r e s e n t e d facial types of c a r b o n a t e s f rom t h e hig­
her C e n t r a l C a r p a t h i a n s n a p p e s of t h e Malé K a r p a t y Mts. T r a c e 
e lements w e r e d e t e r m i n e d by AAS m e t h o d . 
Observat ion of t r a c e e l e m e n t s contents in c a r b o n a t e s enab led us 
to establ ish t h e condi t ions of the i r origin and diagenesis, as wel l 
as re la t ion b e t w e e n t h e facies and t r a c e e l e m e n t s c o n t e n t s (Sr, 
M n ) . T h e s tudy proved t h a t N a c o n t e n t m a y be appl ied to or ien­
t a t i o n d e t e r m i n a t i o n of palaeosal ini ty . F u r t h e r on, changes of fa­
cies in the s tudied sequence w e r e e x a m i n e d . It w a s proved t h a t 
t h e r e a r e t r a n s i t i o n a l facies b e t w e e n the Reifling and W e t t e r s t e i n 
l imestones and a cont inuous sequence of s t r a t a is preserved. 

P e 3 10 M c : EUJIM M3yHeHbi coflep>KaHMH pacceaHHbix ajieivieHTOB (Sr, 
Na, Mn, Zn) B ryTCHiiiTaimcKHx flOJiOMMTax, aHHaoeprcKMX, paMCpniiiir-
CKMX, BerrepLUTaimcKHx M flaxuiTaňHCKHx M3BecTMKax, npe^CTaBJiflio-
mux Haiiôojiee 3HaHľtTejibHbie M npeflCTaBMTCJibHbie dpaui-iajibHbie Ti-mu 
KapSoHaTOB BbicuíMx ueHTpanbHbix nOKpOBOB Majiwx KapnaT. PaccesiH-
Hbie 3JieivieHTbi 6MJIH onpeflejieHbi MCTO/JOM AAC. 
I43yieHne co;tep>KaHMM paccesmubix 3JieMeHTOB B KapôoiiaTax no3Bo-
/IIIJIO onpeflCJiMTb ycjiOBMíi MX o6pa30BaHM5i M /(iiareHe3a M B3aiiMHoe 
OTHomeHwe Me>K/ry cpauMHMW H coflep>KaHMflMM paccoiHHux ajieivieH-
TOB (Sr, Mn). Mcc^eflOBaHwe noflTBcpfliiJio, I T O coflep>KaHite Na 
MOKHo ncnojib030BaTb fljisr opneHTnpoBOMHoro onpe^ejieHiiK najieoco-
JICHOCTH. 3aTeM 6HJIH iiccjieflOBaHbi H3MeHeHii>i cpauuŕi B n3yjaeivioň 
rojíme. Bbuio noflTBep>KfleHO, HTO MOK^y paňcpjiMHrcKMMM M BeTTep-
inTaňHCKHMM M3BCCTH!iKaMM cymecTByiOT nepexoflHbie dpartiiM n coxpa-
HCHa HenpepbiBHaa nocjieflOBaTejibHOCTb njiacTOB. 

Introduction 

T r i a s s i c c a r b o n a t e r o c k s f r o m t h e M a l é K a r p a t y M t s . a r e s t u d i e d in t h e 
p a p e r . L i m e s t o n e s a n d d o l o m i t e s f r o m t h e s e l e c t e d l i t h o s t r a t i g r a p h i c s e c t i o n s 
a r e g e o c h e m i c a l l y c h a r a c t e r i z e d . T h e s e c t i o n s w e r e s t u d i e d c o m p l e x l y i n o r d e r 
to s o l v e o b s c u r i t i e s i n d e t e r m i n a t i o n a n d p o s i t i o n of n a p p e u n i t s i n t h e s t u d i e d 
r e g i o n . T r a c e e l e m e n t s c o n t e n t s ( e s p e c i a l l y S r a n d N a ) w e r e g e o c h e m i c a l l y 
e x a m i n e d i n r e l a t i o n t o m a j o r e l e m e n t s — M g , Ca f r o m t h e s e l e c t e d , l i t h o f a -
cia l ly a n d b i o s t r a t i g r a p h i c a l l y t r e a t e d s e c t i o n s t h r o u g h t h e G u t e n s t e i n d o l o ­
m i t e s , A n n a b e r g , W e t t e r s t e i n , R e i f l i n g a n d D a c h s t e i n l i m e s t o n e s . 

G e o c h e m i c a l s t u d y of l i m e s t o n e s a n d d o l o m i t e s of t h e W e s t e r n C a r p a t h i a n s 

* RNDr. O. L i n t n e r o v á , RNDr. P. M a s a r y k , Ing. E. M a r t i n y , C S c , 
Geological I n s t i t u t e of t h e C e n t r e of Geoscience Research, S lovak A c a d e m y of Scien­
ces, D ú b r a v s k á cesta 9, 814 73 Brat i s lava. 
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was systematically dealt wi th by V e i z e r (1970), V e i z e r — D e m o v i č 
(1969, 1973, 1974), V e i z e r et al. (1971), H a n á č e k (1969). 

V e i z e r — D e m o v i č (1974) generalized the results of their study in this 
region and they explained utilization of Sr as indicator of ancient limestones 
and dolomites formation conditions. They distinguished high-Sr (deep-sea and 
hypersaline) and low-Sr limestones (shallow-water organogenic and organo-
detrital). They found out that early diagenetic dolomites contain higher Sr 
concentrations than the late diagenetic ones. Later V e i z e r specified this 
theory and it became a basis of several works on geochemistry, as well as 
a subject of discussions ( V e i z e r et al., 1978; B r a n d — V e i z e r , 1980; 
Y u d o v i c h et al., 1980; W i g g i n s , 1986; M o r r o w — M a y e r s , 1978). 

K i n s m a n (1969) stated that Sr content in diagenetically stabilized limesto­
nes indicated mechanism of diagenesis (open and closed systems). Resulting 
Sr concentration ranges from 700 to 10 000 ppm after the first phase of dia­
genetic recrystall ization of typical aragonite sediment, whereas calcites with 
much lower Sr content (below 350 ppm) are result of later diagenetic recry-
stallizations. M o r r o w — M a y e r s (1978) simulated diagenetic process 
in limestones. Decrease of Sr concentrat ion in ancient l imestones to 100—200 
ppm level could be caused only by late diagenetic process. Early diagenesis does 
not lower Sr content in majority of l imestones below 400 ppm. During late 
diagenesis Sr concentration is controlled by changes in porosity, acidity of 
underground waters and residence t ime in porous solutions. Facially controlled 
porosity changes might enable to determine range of values observed in several 
ancient l imestones ( V e i z e r , 1978 ; M o r r o w — M a y e r s , 1978 a). 

Possibilities of Na use for determinat ion of salinity of environment of carbo­
nates formation or diagenesis were discussed in several works. These works, 
similarly as in Sr, are based on the fact t h a t recent carbonates have quite higher 
Na content (e.g. T o k u y a m a et al.. 1972: 1900—4400 ppm Na for aragonites; 
B u s e n b e r g — P l u m m e r , 1985: 1290—5190 ppm Mg for calcites and 
2750—5890 p p m Na for aragonites) than ancient limestones and dolomites 
( V e i z e r et al., 1978: 100—900 ppm for l imestones and dolomites; B a d i o-
z a m a n i , 1973:100—300 p p m for l imestones; F r i t z — K a t z, 1972: 100— 
—600 ppm Na for dolomites). L a n d — H o o p s (1973) recommend to use 
Na as indicator of salinity of diagenetic solutions and dolomitization solutions. 
Similarly, F r i t z — K a t z (1972) presuppose that Na content is in relation 
to diagenetic history of dolomite crystals. They assume that Na comes from 
3 sources: NaCl from dolomitization brines, Na bound in dolomite s tructure. 
Na bound to clay minerals inhereted from original CaCO ; i sediment. Na in the 
dolomite lattice is in relation to salinity of dolomitization solutions. Fine-
-grained, suprat idal dolomites have higher Na content than coarse-grained, 
late diagenetic and h y d r o t h e r m a l dolomites. S a s s — K a t z (1982) applied 
Na (Na/Ca — Sr/Ca — Mg/Ca and O and C isotopes) to t h e solution of platform 
dolomites genesis. Na/Ca ratio together with l s O in the process of (penecontem-
poraneos) dolomitization were conditioned by salinity of surrounding water ; 
Mg/Ca and Sr/Ca ratios correspond to chemism changes of interst i t ial solutions. 
V e i z e r et al. (1977, 1978) established t h e value of 230 ppm Na for t h e 
ancient l imestones and dolomites as a boundary for the carbonates formed 
from the solutions close to normal sea water and from hypersal ine solutions 
or they were dolomitized by them. J a f f r e z o — R e n a r d (1979) also 
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used Na as indicator of palaeosalinity and they included it into salinity index 
together with K, Mg, Sr. 

Exper imental s tudy of Na coprecipitation in calcites, aragonites and dolomites, 
as well as comparison of Na contents in n a t u r a l and synthetic calcites and 
aragonites ( W h i t e , 1977, 1978; K i t a m o et al., 1975; B u s e n b e r g — 
P 1 u m m e r, 1985) cleared up a form of Na occurrence and distribution in 
the s t ructure of CaCO- minerals and Na effect on properties of minerals. B u-
s e n b e r g — P i u m m e r (1985) proved that significant amount of SO/,'-" 
and Na' occurs in calcites precipitated from the sea (or synthetic sea) water. 
SO/,'-- and Na' amount in solid solution with calcite is in direct proport ion 
to log of crystals growth rate. If SO/,2" content in solid solution raises to 3 mol 
" n, solubility of calcite will be t h e same as solubility of aragonite. Na has only 
very little effect on solubility product of calcite. Incorporat ion of Na in calcite 
is controlled by the Freundl ich isotherm ( B u s e n b e r g — P i u m m e r , 1985). 
Distr ibution coefficients determined experimental ly from t h e various studies 
are different, their value changes by 1 order. Amount of Na bound in calcite 
may be to a certain extent dependent on n u m b e r of crystal defects in the cal­
cite lattice. 

Brief survey of geological structure 

The NE par t of the Malé K a r p a t y Mts. is built up from tectonic units com­
posed mainly of Triassic carbonate rocks. The region is noted for complicated 
tectonic s t ructure and relatively bad exposure what was a reason of various 
classifications and views on tectonic s t ructure in the past. Views of m a n y aut­
hors working in the mentioned region (A n d r u s o v, 1936; P e r ž e 1, 1966; 
M a h e l , 1967; B y s t r i c k ý — M a h e l , 1970; B i e l y et al., 1980) dif­
fered especially in the tectonic interpretat ions or in classification to the certain 
tectonic units of the Western Carpathians or the Eastern Alps. M a h e ľ 's 
paper (1987) represents a survey of the latest information on geological struc­
ture of the Malé K a r p a t y Mts. The author presents this classical core m o u n t a i n 
range as a t ransi t ional segment between the Alps and t h e Carpathians with a 
numerous group of peculiarities and differences in geological s tructure. 

New complex revaluation of lithological content and s t rat igraphy ( M i c h a-
1 í k et al.. 1986) was necessary regarding the possibilities of direct correlation 
with the units in the basement of the Vienna basin Neogene filling. Detailed 
lithofacial and biostrat igraphic research cleared up m a n y of doubtful questions 
and it shifted the possibilities of correlation with the Vienna basin basement 
from theoretical to practical level. 

Three higher nappes — Veternik, Havranica and Jablonica — occur in the 
overlying s trata of the Krížna (Vysoká) Nappe. Their m u t u a l relation, l i tho­
logical content and s t rat igraphy are evident from the geological section (Fig. 1) 
and s trat igraphic column (Tab. 1). Determinat ion of s trat igraphic range of 
the Reifling limestones (Illyrian — Cordevolian) and their gradual facial t r a n ­
sition to limestones of fore-reef and reef Wetterstein type ( M a s a r y k et 
al.. 1984; M i c h a l í k et al., 1986) represented a significant change when 
compared with the older data. 
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A 

HAVRÁNKA Krílenica VETERNIK CHOČ 
NAPPE 505 NAPPE NAPPE 

B 

HAVRANICA -.- VETERNIK 
NAPPE „.• T NAPPE 

Fig. 1. Schematic geological section south of Plavecký Mikuláš. A. According to 
B y s t r i c k ý — M a h e l (1970), adapted partly according to B i e l y et al. (1980). 

B. Adapted by the authors according to M i c h a 1 í k et al. (1986). 
Explanatory notes: 1 — Benkov (Campilian) Formation; 2 — Gutenstein dolomites; 
3 — Annaberg limestones; 4 — Reifling limestones; 5 — Raming limestones; 6 — 
Wetterstein limestones; 7 — Wetterstein dolomites; 8 — Palaeogene. 

In our opinion, the ment ioned nappes — Veternik, Havranica and Jablonica 
— represent t h e equivalents of higher nappes t h a n t h e Choč Nappe and they 
m a y be spatially and facially correlated wi th the Golier Nappe group estab­
lished in boreholes u n d e r the Neogene filling of the Vienna basin. J i ř í č e k 
(1984) arrived at t h e same conclusion in correlation of t h e Alpine and Carpa­
thian units. 

Geochemical s tudy of the carbonate sequences completes lithofacial and 
s trat igraphic data making them m o r e accurate. The samples were taken from 
the same sections as for l i thofacial-stratigraphic research. 

Lithofacial characteristics of the sections 

S e c t i o n Č e r t o v a d o l i n a v a l l e y : G u t e n s t e i n D o l o m i t e 

The section is s i tuated S of the village Plavecké Podhradie (Fig. 2). Guten­
stein dolomites represent basal m e m b e r of carbonate sedimentat ion of t h e Ve­
ternik Nappe in the overlying s trata of the Permian—Triass ic volcanic-detrital 
sequence (Malužiná, Suňava and Benkov Format ion) . Grey to grey-brown 
platy and thin-bedded dolomites prevail. Thickness of the sequence varies 
from several metres to 35—40 m. Dolomites do not contain stratigraphical ly 
significant fossils and their age was determined as the Lower Anisian (Aegean 
— Bithynian) only on the basis of their position in the sequence. 
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T a b l e 1 

Stratigraphic table of the Triassic of the Havranica and Veternik Nappes 

A l a u n i a n 

Julian 

Cordevoban 

Longobardian 

Fass an i an 

l l y n a r 

-'el soman 

Bithynian 

Aegean 

VETERNIK NAPPE HAVRANICA NAPPE 

rKbssen Beds-

Dacbstein Limestone -

iivvvs 

JvV . . V V 
,.v v v V V 

v V^v v v V V 
V V V V V V V 

V v v v y v v 
V V V V V v v 

v v v v v v V 
V V V V V V V 

V V V V V v v v v v v v v V 
v v v y v v v v v v/ v v v v v 
' v v v v u . . . , v v v 
v. V V V H a u p r d o í o m i r y V V V 

V V V V í-,-1-, * , : , ' • 
v v v v v v v v v v ľ 
• v v V V V V v V PT1 

•' v y v v v v v p - '• 
Limesťme 

Beds : : 
v / " v . ' " V ' W e t t e r s t e m 

Mi "• 

v v v 
Dolomite k/vv V v V 

V V V V 
y v v v 

Annaberg Limestone 

jutenstein Dolomite ^ V _ ŕ ^ A _ A . \ ^ 'v—-

Benkov Formation 

From the structures, dolosparites and microdolosparites with indistinct re­
lics after original s t ructure prevail. Paral lel lamination, relics of stromatoli t ic 
structures, autoclastic breccias, pseudomorphs after evaporites and beds of 
highly porous dolomites to rauhwackes are its characterist ic features. Two beds 
formed by oolitic dolomite are very distinct. In facial relations, it is a shallow-
-water suprat idal sediment. Frequent pseudomorphs after gypsum and mini­
m u m fossil or organic detr i tus contents indicate hypersal ine environment. 

S e c t i o n s S o l o š n i c a a n d S u c h á d o l i n a v a l l e y : A n n a b e r g 
L i m e s t o n e 
The section Sološnica is s i tuated in the quarry at the SE margin of the vil­

lage Sološnica, t h e section Suchá dolina valley (IVb) lies SE of the village 
Plavecké Podhradie (Fig. 2). Annaberg Limestone occurs in direct overlying 
s trata of the Gutenstein dolomites and it represents a thick complex (200— 
250 m) of bedded and heavy-bedded dark grey to brown-grey limestones. Li­
mestones contain the Pelsonian species of foraminifers and dasycladaceans 
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Fig. 2. Orientation map of the studied region with denotation of the Veternik 
and Havranica Nappes and with localization of geochemically treated sections. 
Explanatory notes: 1 — Čertova dolina; 2 — Rajtárka; 3 — Červenica; 4 — Suchá 
dolina IVb; 5 — Kršlenica; 6 — Plavecký Peter 11/83; 7 — Sološnica. 

mainly in t h e central and higher par ts of t h e sequence. The section Sološnica 
comprises basal, relatively monotonous p a r t of t h e sequence. M u d d y micrites 
almost without fossils and sporadic crinoids prevai l there. Limestones under­
went a slight recrystall ization and local dolomitization. Higher p a r t of the 
sequence is represented in the section Suchá dolina valley (IVb). Dark grey 
and grey-brown heavy-bedded, mostly micritic and microsparit ic l imestones 
with sporadic beds of organic detr i tus pass gradual ly upwards to thin-bedded 
m u d d y micritic l imestones. The Annaberg l imestones represent a sediment 
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of shallow shelf with low dynamics of environment (lagoon with restricted 
circulation). Quiet sedimentat ion of muddy, slightly detr i ta l l imestones is 
only sporadically in terrupted by thin beds of organodetr i ta l l imestones with 
dasycladaceans, ostracods, crinoids and foraminifers. Weak, irregular dia-
genetic dolomitization is quite frequent, continuous dolomite beds are rare. 

S e c t i o n s R a j t á r k a a n d Č e r v e n i c a : R e i f l i n g L i m e s t o n e 

The sections are situated SE of the village Plavecké Podhradie (Fig. 2). Reif­
ling limestones occur in the overlying s t rata of the Annaberg limestones and 
they represent a marked lithological horizon in the Veternik Nappe. Their age 
was determined as I l lyr ian—Cordevolian by conodonts study ( M a s a r y k et 
al.. 1984). The Reifling limestones are mostly dark grey to brown-grey, no­
dular with numerous silicites. Upwards they pass to thin-bedded and platy 
organodetri tal limestones without cherts. 

Limestones are mostly micritic, microsparit ic with quite fine organic det­
ritus (filaments, spicules of sponges, crinoids, radiolarians. ostracods and fora­
minifers). In the higher horizons there are also limestones with pelmicritic 
s t ructure and beds of laminated and gradational ly bedded biosparitic and bio-
intraspari t ic limestones. The highest horizons contain detr i tus of reef-forming 
organisms (bryozoans, solenopores, sphinctozoans). 

Reifling limestones represent deep-water sediment probably of large intra-
platform depression. The highest horizons with beds of detrital, gradat ional ly 
bedded limestones correspond to slope and fore-reef zones. 

S e c t i o n K r š l e n i c a : W e t t e r s t e i n L i m e s t o n e . R a m i n g L i ­
m e s t o n e 

The section is s ituated on the SW slopes of Kršlenica hill and it s tarts di­
rectly in the village Plavecký Mikuláš. Wetterstein limestones occur in the 
overlying s trata of the Reifling limestones. Limestones are usually massive, 
only sporadically bedded. F r o m facial zones, fore-reef limestones, mostly coar­
se-clastic breccia sediments with large blocks of reef limestones, then organo­
genic limestones of reef margin (mostly coral-sphinctozoan fades) are present. 
The sequence of bedded to platy detrital, quite dark limestones (Raming Lime­
stone) representing t h e sediments of reef slope to reef core is recorded in the 
section Kršlenica ( B i e l y et al., 1980). 

Bedded limestones from the reef slope have mostly biomicritic, biopelmi-
critic (packstone — wackestone) character wi th appearances of weak recrystalli-
zation and dolomitization. Upwards they gradual ly pass to breccia-like organo­
genic limestones in coral-sphinctozoan fades. 

Strat igraphic range of the Raming and Wetterstein limestones is not expli­
citly proved. Foraminiferal fauna of t h e lower horizons is identical with t h e 
uppermost horizons of the Reifling l imestones (Upper Ladinian — Lower Car­
man, J e n d r e j á k o v á , 1986 in M i c h a l i k et al., 1986). Probable stra­
tigraphic range is the Lower to Middle Carnian. 
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S e c t i o n P l a v e c k ý P e t e r : D a c h s t e i n L i m e s t o n e 

Dachstein limestones occur in the overlying s t rata of Hauptdolomit (Norian) 
in the Havranica Nappe. They were studied from the section near Plavecký 
Peter (quarry), for localization see Fig. 2. Limestones are light grey-brown, 
mostly bedded, beds of nodular l imestones and greenish shales are rare. Orga­
nic detr i tus content is low especially in the lower horizons where diagenetic 
dolomitization is distinictly manifested. Upwards organic detr i tus and fossil 
contents are increasing. The highest beds are typical by frequent stromatolit ic 
s t ructures and lumachelle beds. The age was determined as t h e Upper N o r i a n — 
Rhaet ian on t h e basis of foraminifers ( K u l l m a n o v á , 1980 in B i e l y et 
al., 1980; J e n d r e j á k o v á, 1986 in M i c h a 1 í k et al., 1986). 

The Dachstein l imestones of the Havranica Nappe represent sediments of 
shallow-water flat shelf and adjacent lagoon with open circulation. 

Methods of analytical-geochemical and mineralogical research. 

Macrocomponents content (SÍOT, AI2O3, CaO and MgO) in t h e carbonate 
rocks was determined by X-ray fluorescence analysis after melt ing of samples 
wi th Li-jB/.O; in 1 : 4 ratio. X-ray spectrometer Philips PW — 1410/20 was 
used. 

Method of atomic absorption spectrometry was used for determinat ion of 
trace elements contents (Cu, Mn, Na, Sr and Zn) in t h e port ion dissolvable 
in HC1 (1 : 1). Sodium content was determined also in water leach (S a s s — 
K a t z, 1982). Both data (NaHCi; N a H C l — N a H , 0 = A Na) were used for inter­
pretat ion of Na contents. Sodium contents in HC1 portion were used especially 
for comparison with data presented by V e i z e r et al. (1978). Atomic ab­
sorption spectrometer Perkin-Elmer 2380, hollow cathode lamps and acetylene-
-air flame were applied. Sr was determined at presence of addit ive La-oxine 
solution. Individual elements were determined at the most sensitive resonance 
lines, secondary resonance lines were used at higher concentrations. Accuracy 
of determinat ions was checked by s tandard reference mater ia l s : l imestone KH 
(ZGI Berlin), l imestone GFS-401 (G. F. S m i t h , U.S.A.). Precision of results 
of analyses was checked by repeated measurements . 

Calcite, dolomite and non-carbonate contents were determined by manomet-
ric method ( T u r a n — V a n č o v á , 1972). Accuracy of the results was ve­
rified by chelatometric determinat ion of CaO and MgO. 

Mineral composition of non-carbonate portion was established part ly by 
X-ray diffraction (CuKc i), part ly by recalculation from the chemical analyses 
according to Y u d o v i c h (1981). 

Results and discussion 

Results of chemical analyses for individual sections are listed in Figs. 3—7 
and Tab. 2. The results obtained from 80 samples from 7 sections a re presented. 
Sections length and density of taken samples were adapted to thickness of the 
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T a b l e 2 

Ca, Mg, Sr, Na contents and 1000 Sr/Ca ratio in the studied carbonate rocks 

Rocks 

Gutens te in 
Dolomite 

A n n a b e r g 
L imes tone 

Reifl ing 
L imes tone 

Wet te rs te in 
L imes tone 

Dachste in 
Limes tone 

£ 
3 
2 

0. 
E 

tí * 

5 

15 

15 

26 

26 

Ar i thmet ic mean + s t anda rd devia t ion 

Ca 

23.52 + 1.23 

37.78 + 2.10 

37.23 + 1.72 

38.25 + 1.27 

31.36 + 4.28 

Mg 

11.24 + 0.92 

0.42 + 0.09 

0.75 + 0.88 
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6.06 + 4.10 

Sr 

66 + 16 

977 + 430 

148 + 64 
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Na 
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178 ± 37 

119 + 15 

92 + 28 

313 + 174 

1000 Sr/Ca 

0.27 + 0.06 

2.57 ± 0.97 

0.40 + 0.17 

0.33 + 0.59 

0.61 + 0.19 

sequence and to the local conditions, such as exposure of the field and tectonic 
dislocation of the studied sequence. (Thickness of geochemically studied par t 
of the sequence is marked out in individual sections — Figs. 3—7). 

Short section (only 5 samples) through basal dolomites does not enable to 
make serious conclusions on genesis of dolomite. The results may be compared 
with data of V e i z e r et al. (1971), V e i z e r — D e m o v i č (1974), M i š í k 
(1968) who referred to early diagenetic origin of the Middle Triassic dolomites 
or to aridity of climate with evaporization features. Sr content in the studied 
Gutenstein dolomites is much lower (44—94 p p m Sr, 1000 Sr/Ca: 0.19—0.41) 
than that presented by V e i z e r — D e m o v i č (1974) for this type of dolo­
mite (100—600 ppm, 1000 Sr/Ca: over 0.5). Microstructural characteristics (au-
toclastic breccia, pseudomorphs after gypsum, lack of fossils, micrit ic character 
and fine lamination), as well as Na content : 200—300 p p m are typical of early 
diagenetic origin of dolomite in the environment wi th raised salinity in com­
parison with the sea water. Low Mn contents prove aridity of environment 
( Y u d o v i c h , 1981); B e n c i n i — T u r i (1974) s tated that dolomitization 
does not change Mn content. Increased Zn content is interest ing: 30—71 p p m 
(cf. e. g. M o r r o w — M a y e r s , 1978; B r a n d — V e i z e r , 1980; P i n -
g i t o r e, 1978). Original aragonite sediment probably did not contain raised 
Zn concentrat ions; little insoluble residue mostly of silicate composition (chlo­
rite — illite) is not considered as a sufficient source in diagenetic process. The 
source is represented probably by postdiagenetic solutions which might also 
affect Sr, Na and Mg contents. Formation of "cel lular" dolomite and grade 
of recrystallization support this fact. Dolomite content ranges from 92 to 99 %. 

Geochemical characteristics of the Annaberg, Reifling (pseudo-Reifling) and 
Wetterstein limestones are plotted in Figs. 4, 5, 6. These are p u r e limestones, 
insoluble residue content is raised by cherts in the Reifling limestones (Fig. 5). 
IR of limestones has clayey character of illite-chlorite composition, grains of 
authigene quartz and feldspar are rare. Fe-minerals are more frequent, usu-
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Fig. 3. Vertical distribution of IR, elements and oxides in the section Čertova dolina 
valley, Gutenstein Dolomite (A Na = NaHci — NaH^O, valid also for Figs. 4—7). 

L I T H 0 L 0 G Y 

limestone 1 
1 1 

-
- -

— 
1-

/ 
'\ / 

/ 
• 

mr | 
• 1 -

g » 

1-
/ 
/ 

/ 
/ 

SEDIMENTARY STRUCTURES 
AND GRAPHIC LOG SYMBOLS 

= parallel lamination 

S S wavy lamination 

limestone with shale ^ breccia 

0 ooids 

Qj oncolifhs 

<C5o lithodasts 

. pellets 

Y pseudomorphs after 
evaporites 

* shrinkage pores 

dolomitic limestone 

cherty limestone 

dolostone 

FOSSILS 

Ä foraminifers 

@ ostracods 

\_j shells fragments and 
filaments 

Q 9 crinoids 

Q dasycladaceans 

( J ) globochaetes 

£>> gastropods 

C ^ = conodonts 

-£. radiolarians 

m problematic organisms 
yx° fincertae sedis) 

& - ^ , bryozoans 
*>— spninctozoans 

/TTTh corals 

if~^ stromatoporoids 

u Aeolisaccus 

Key to sedimentary logs 



TRACE ELEMENTS DISTRIBUTION IN CARBONATES 311 
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Fig. 4. Vertical distribution of IR, elements and oxides in the sections Sološnica 
and Suchá dolina valley IVb, Annaberg limestones. 
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S E C T I O N Č E R V E N K A REIFLING LIMESTONE ILongobardian- Cordevohan] 

Fig. 5. Vertical distribution of IR, elements and oxides in the sections Rajtárka 
and Cervenica, Reifling limestones. 

ally in form of pigment, coatings and microveins (limonite) and authigene py­
rite. Anhydr i te in form of sporadic grains was identified in t h e Annaberg 
l imestones. AI2O3/SÍO2 ratios are plotted in the graphs (Figs. 3—7) in order 
to m a k e more detailed characteristics of insoluble residue (Y u d o v i c h, 
1981). Their values range from 0.1 to 0.4. Values below 0.1 are typical of quart-
zy IR, over 0.3 of IR formed by hydrolysis products — clays genetically con­
nected with weather ing crusts (Y u d o v i c h, 1981). Cherty Reifling l ime­
stones have low values of ratio. Ratio values completed well mineralogical 
characteristics. IR contents of the studied limestones have low values, they 
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C T I O N KRŠLENICA W E T T E R S T E I N L IMESTONE ( C o r d e v o l i a n ) 

Fig. 6. Vertical distribution of IR, elements and oxides in the section Kršlenica, 
Wetterstein Limestone. 
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Fig. 7. Vertical distribution of IR, elements and oxides in the section Plavecký 
Peter 11/83, Dachstein Limestone. 

represent silty minera l t ranspor ted to t h e sedimentary area from distant 
sources. 

The Annaberg l imestones a re sediments of shallow shelf wi th low dynamics 
of envi ronment (lagoon). Sr content is marked ly lowered in places wi th in­
creased dolomite content (Fig. 4). Sr content is quite high (480—2000 ppm) and 
it can be compared with high-Sr group of l imestones distinguished by V e i-
z e r — D e m o v i č (1974): lagoonal l imestones, originally biochemically 
precipitated aragonite sediment wi th low supply of detr i ta l mater ia l . Raised 
salinity of environment was reflected also in Na values : 125—255 ppm. Ac-
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cording to V e i z e r et al. (1978), t h e Annaberg limestones belong to t ransient 
group of f a d e s ranging from normal salinity environment and hypersal ine 
environment (boundary 230 ppm Na). It is supported by pseudomorphs after 
gypsum or anhydr i te in IR (section Sološnica). Zn content (Fig. 4) in t h e An­
naberg limestones varies within a wide interval of values (28—154 ppm) with 
the highest concentrat ion in dolomite. Negative correlation with CaO —0.85 
and Sr —0.69 is remarkable . Zn content raised in diagenetic process (M i 11 i-
m a n, 1974 gives 20 p p m Zn for recent carbonate skeletal (shell) material) 
and on the basis of relation to the other components it is connected with dolo-
mitization. Meteoric water which is, in comparison with the sea water, enriched 
in Zn (Mn, Fe) m a y be t h e Zn source. Owing to high Zn distr ibution coefficient 
for calcite ( C r o c k e t — W i n c h e s t e r , 1966 give values ranging from 5.2 
to 5.5), enr ichment of calcite in Zn m a y occur in diagenetic (open) system 
( P i n g i t o r e , 1978; B r a n d — V e i z e r , 1978). In the Annaberg lime­
stones where part ly isolated diagenetic system (high Sr content or Sr/Ca ratio) 
is presupposed just as in the Gutenste in dolomites, postdiagenetic enr ichment 
of limestones in Zn is assumed. Mn content is low (38—148 ppm) and according 
to B e n c i n i — T u ř i (1974) low Mn content in shallow-water limestones 
reflects original composition of the sediment, mostly aragonite one. 

The Reifling limestones represent pelagic sediments which was formed under 
the conditions of n o r m a l salinity "pseudo-reifl ing" l imestone represents a 
facial t ransi t ion from the pelagic facies to t h e sediments of fore-reef and reef 
fades represented by a complex of the Wetterstein and Raming limestones. 
Sections Raj tárka and Cervenica document the t rans ient facies (Upper Ladi-
nian — Lower Carnian). Diagenetic stabilization of the limestones took place 
in the open system; s t ront ium was removed from recrystall ization environ­
m e n t of original, mostly aragonite sediment. Sr content in t h e typical Reifling 
limestones is higher t h a n in t h e t rans ient (lower p a r t of t h e section Cervenica, 
Fig. 5) l imestones without cherts. Relatively low differences in Sr contents 
of t h e Reifling and Wetterstein limestones and 1000 Sr/Ca ratios are well 
observable in the histograms (Fig. 8). They demonstra te well the decrease of 
Sr content towards the reef l imestones or dolomites. Sodium content in these 
limestones varies within an interval typical of limestones formed in the normal 
sea water ( V e i z e r et al., 1978): 103—153 p p m Na. 

Average Ca, Mg, Sr and Na contents for individual types of l imestones are 
listed in Tab. 2. Mn contents in the Reifling l imestones a re plotted in the graphs 
(Fig. 5). Values characterizing shallow-water oxidation environment without 
Mn supply from the other sources are quite low: 50—170 p p m Mn (Y u d o-
v i c h , 1981; B e n c i n i — T u r i , 1974). However, slight Mn content in­
crease in the basinal l imestones is observed when compared with the Wetter­
stein limestones (13—34 ppm). It is caused probably by different dynamics of 
the sedimentary environment. B r a n d — V e i z e r (1980) studied t h e chan­
ges of Mn content in the diagenetic environment. Mn content should be raised 
in the diagenetic process, it results from the value of Mn distribution coeffi­
cient for calcite which is higher than 1. 

The Wetterstein and Raming limestones represent fore-reef and reef facies. 
Sr content is low: 100—200 ppm. Sr decrease in the ancient l imestones to such 
low level is explained by late diagenetic (repeated) effect of solutions of me­
teoric origin ( K i n s m a n , 1969; M o r r o w — M a y e r s , 1978; B a t -
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Fig. 8. H i s t o g r a m s of Sr contents and 1000 Sr/Ca rat ios in the s tudied types of 
l imestones and dolomites . 

Explanatory notes: A — G u t e n s t e i n Dolomite, B — A n n a b e r g Limestone, C — 
Reifl ing L i m e s t o n e ; D — W e t t e r s t e i n L i m e s t o n e ; E — Dachste in Limes tone . W h i t e — 
l imestones, b lack — dolomites, l ined — dolomit ic l imestones (valid also for Fig. 9). 

h u r s t . 1971). V e i z e r — D e m o v i č (1973, 1974) i n c l u d e d t h e m t o l o w -
- s t r o n t i u m g r o u p of l i m e s t o n e s ( b e l o w 300 p p m ) w h i c h c o m p r i s e s m o s t l y l i m e ­
s t o n e s o r g a n o d e t r i t a l l y s t a b i l i z e d i n t h e o p e n s y s t e m . D i a g e n e t i c p r o c e s s e s i n 
c a r b o n a t e s a r e s t i l l d i s c u s s e d p r o b l e m i n t h e w o r k s o n g e o c h e m i s t r y . M o r -
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r o w — M a y e r s (1978) consider "bimodal classification" of carbonates ac­
cording to Sr content corresponding to original conditions of origin (minera­
logy, climate, salinity) ( V e i z e r — D e m o v i č , 1974) ra ther as a result of 
diagenetic processes. Residence t ime of solutions flowing through unstable 
phases (aragonite, high-Mg calcite), porosity of solutions and acidity of under­
ground waters control Sr content in diagenetic limestones (low-Mg calcite). 
Diagenetic solution causes different degree of Sr removal during late diage-
nesis in relation to genetic porosity of the sediment ( C a m e r o n , 1969). Car­
bonates of shelf marg in of the grainstone type must be more leached (150 ppm 
Sr. reef) t h a n their lagoonal equivalents of the mudstone type (300 ppm Sr). 
Contents of back-reef limestones presented by V e i z e r — D e m o v i č 
(1974) are higher, they are close to t h e values obtained by the present study 
(977 ppm Sr for the Annaberg limestones — see Tab. 2). B r a n d — V e i z e r 
(1980) explain diagenetic process by equil ibrium and disequilibrium ways of 
recrystallization of metastable carbonate minerals ( V e i z e r , 1978; M o r ­
r o w — M a y e r s , 1978a). On the basis of survey of l i terary data and re-
gional-geochemical s tudy of s t ront ium in the Palaeozoic carbonates from the 
Western Urals (1400 samples), Y u d o v i c h et al. (1980) supported anoma­
lous depletion of the ancient reef carbonates (50—100 ppm Sr) in comparison 
with the recent ones (see e. g. M a t t h e w s , 1968; M i 11 i m a n, 1967; L o-
w e n s t a m, 1961; A m i e l et al., 1973). Decrease of Sr content was caused 
by underground water of meteoric origin. Sr content in carbonate rocks, part i­
cularly in economically significant reef complexes is inevitably connected with 
the facial conditions of sedimentation. In addition, mostly afacial factors must 
be studied: closed diagenetic systems, epigenetic dolomitization, epigenetic Sr 
supply ( Y u d o v i c h et al., 1981). 

Differences in Sr contents of the described types of l imestones plotted in 
the histograms (Fig. 8) may be interpreted in the sense of facial dependence 
worked out by V e i z e r — D e m o v i č (1973, 1974). Porosity of original 
sediment must be also regarded as facial characteristics (see also V e i z e r , 
1978; M o r r o w — M a y e r s , 1978a). 

Sodium contents in t h e Wetterstein limestones range from 65 to 122 ppm 
and they correspond to n o r m a l salinity of the sea water ( V e i z e r et al., 1978). 
Effect of diagenesis on Na values is described also by B r a n d — V e i z e r 
(1980). Diagenetic effect of meteoric water decreases Na, Sr and Mg contents. It 
follows theoretically from low Sr and Na distribution coefficients for calcite 
and lower Sr and Na (Mg) contents in the meteoric water. 

The Dachstein dolomites, dolomitic l imestones and limestones (Fig. 7) docu­
ment dolomitization effect on Sr and Na contents. The Dachstein l imestones 
are just little marly, silicate phase content does not exceed 5 % . There was a 
clayey bed in the lower par t of the section, carbonate content reaches there 
only 33.5 % (6.5—6.7 m — u n m a r k e d bed in Fig. 7). Only illite with very little 
of chlorite a d m i x t u r e (up to 5%) was determined in it by X-ray diffraction. 
IR of carbonates has a similar illite composition with low chlorite, quartz and 
feldspar contents (diagenetic minerals). I rregular dolomitization was establish­
ed in t h e whole section. Mg content varies within a wide interval : 0—11 % 
(Fig. 7). Organodetr i ta l limestones of the central p a r t are least affected by 
dolomitization. Sr content reaches low values in dolomitized beds : 100— 
200 ppm, 1000 Sr/Ca ratio is over 0.5. Dolomitization of this type of shallow-
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-water sediment wi th cyclic sedimentation features (lagoonal to supratidal) 
took place due to solutions wi th increased salinity. Increased Na contents: 
200—700 ppm (Figs. 7 and 9) correspond to this fact. Na content is distinctly 
correlated wi th MgO or CaO contents (correlation coefficients +0.78 or —0.78 
are considered to be of orientat ion character in the sense of B u s e n b e r g 
— P l u m m e r . 1985). Sodium characterizes here salinity of dolomitization 
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solutions ( L a n d — H o o p s , 1973; F r i t z — K a t z , 1972). Na contents 
in the studied carbonates are plotted in the histograms (Fig. 9). Distr ibution of 
Na values for the individual facial types of limestones or dolomites is shown. 
Na values calculated from NaHCl — N a H , 0 ( S a s s — K a t z , 1982) a re plott­
ed in Figs. 3—7. From the values it is evident that Na content is systemati­
cally lower (by 40—50 ppm), but relative relations between the individual 
samples are not changed in any section, they copy NaHCl values. 

Results of Na contents obtained by the study of the Triassic carbonates 
from the Biele pohorie Mts. in the Malé Karpa ty Mts. support competence of 
Na application to orientation determinat ion of palaeosalinity. Effect of dia-
genesis on Na contents in carbonates is more complicated than in in terpre ta­
tion of Sr values. It results mainly from the way of Na occurrence in the lattice 
of carbonate minerals ( B u s e n b e r g — P l u m m e r , 1985; W h i t e , 1977, 
1978). Na values should be interpreted mainly in connection wi th the other 
trace elements (Sr, Mn), as well as wi th the results of oxygen and carbon iso-
topic composition study (V e i z e r et al., 1977, 1978; B r a n d — V e i z e r , 
1980; S a s s — K a t z , 1982). It is necessary to work wi th large enough and 
suitable set of samples. 

Conclusions 

The Gutenstein dolomites, Annaberg, Reifling, Wetterstein and Dachstein 
limestones of the Veternik and Havranica Nappes of the Malé Karpa ty Mts. 
are characterized in the present work. Results of the mentioned carbonate 
types are given in Tab. 2. 

Significance of t race elements for geochemical s tudy of carbonates was 
dealt with. Sr, Na, Mn and Zn were chosen as indicator elements for the study 
of their formation and diagenesis conditions. Comparison of Sr and Na contents 
provides the most significant information, in spite of dissension of views on 
application of Na as a palaeosalinity indicator. 

Results of our work support dependence of Na content on salinity of the 
sedimentary environment , though effect of diagenesis on Na content is not 
univocally solved. 

Mn is also an impor tan t indicator of carbonates formation and diagenesis 
conditions, in spite it is not so widely applied as Sr. 

Trace elements s tudy of the carbonate rocks was used as one of the methods 
in reconstruction or modelling of the sedimentary environment. 

In the present work we directed our at tention at the study of facial changes 
of the l i thostrat igraphic units in the Havranica and Veternik Nappes. Geo­
chemical methods proved that there are t ransient f ades between the Reifling 
and Wetterstein limestones and continuous sequence of s trata is preserved. 

Translated by O. Mišániová 
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