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Timing of the Ditrau alkaline intrusive complex 
(Eastern Carpathians, Romania) 

SLO~ HANS GEORG KRÄUTNER 1 & GABRIEL BrNDEA2 

~ INFORMA0Nt 1 
~ STREDlll(O JJ I lsarstr. 2E, D-83026 Rosenheim, Germany, 

~~ f Y stitutul Geologic al Romániei, Str. Caransebes 1, RO-78344 Bucuresti, Romania 

8ra,tcWl"I 

Abstract. On the basis of K-Ar and 39 Ar/4° Ar data, the fo llowing timing is suggested for the emplacement of 

the Ditrau Alkaline lntrusive Complex: 
1) During Carnian (c.230 Ma), in the Middle-Triassic extensional stage a mantle derived gabbro-dioritic 

magma with mantle xenoliths was emplaced. 
2) During Norian tíme (c.215 Ma) this gabbro-dioritic mass rose into the crust in a subsolidus stage and 

penetrated a crustal syenitic magma. Under these dynamic conditions, magma mingling and magma mixing 

occurred and a large variety ofhybrid rocks fonned . 
3) During the Callovian-Oxfordian (c.160 Ma), in the Middle-Jurassic rifting (Civcin-Severin rift and 

spreading system), a mantle deri ved nepheline syenite magma that formed by partial melting intruded the 

Triassic Ditrau massif and veined all previously formed rocks. Mafie foid-rocks (ditro-essexite) fonned by 

hybridization and partial metasomatic substitution. After this event, cooling below 300 °C lasted for 20-25 

Ma, until the Berriasian stage (c.135 Ma). It was follo wed until 115 Ma by local hydrothermal alteration and 

mineralization. 
4) During Aptian ( c.115 Ma) the definití ve closing of the Ar system is explained by tectonic up lift due to 

nappe transport. 

Key words: Eastern Carpathians, Ditrau Massi f, K-Ar and Ar-Ar data 

1 ntroduction 

The Ditrau Alkaline Intrusive Complex (DAIC) 

occurs in the Romanian East Carpathians, near Gheor

gheni , Lazarea and Ditrau. lt cuts the Pre-Alpine meta

morphic rocks of the Bucovinian nappe near the 

Neogene-Quatemary volcanic are of the Harghita-Cali

mani Mts . Andesitic pyroclastics and basalt-andesite Java 

flows from these volcanoes unconformably overlay parts 

of the DAIC. The Ditrau massif is also covered by sedi

mentary lacustrine deposits which separated the volcanic 

are from the East Carpathian !and mass during Upper 

Pliocene and Pleistocene (Fig. 1). 

Pre-Alpine metamorphic rocks of the Bucovinian 

Nappe (uppermost Alpine unit including metamorphics) 

occur over a large area surrounding the DAJC. These 

metamorphics were involved in several nappe structures 

that are cut by the DAIC and were welded by its thermal 

contact aureole (Fig.2). Since the first radiometric data 

suggested a Jurassic emplacement (Bagdasarian , 1972; 

Streckeisen and Hunziker, 1974) the Ditrau massif was 

considered to be a stitching intrusion that proves Variscan 

staking of the aforementioned nappe structure in the me

tamorphic basement of Alpine nappes (Balintoni , 1981 ; 

Muresan, 1983). 
The DAIC is characterized by a peculiar lithologic 

constitution and complicated interna! framework . The 

petrographic complexity involves large series of ultra

basic to acid silica- versaturated and silica-undersaturated 

alkaline rocks of both , massive and oriented textures . 

Various concepts and petrologic models were advanced in 

the course of tíme, ranging from metasomatic to 

magmatic origin and from emplacement by a single 

magmatic intrusion, to multiple successive intrusions (for 

details see Streckeisen, 1952, Codarcea et al. , 1958, 

Pál-Molnár, 1994, Kräutner and Bindea, 1995). 

In this contribution a three stage model (Kräutner and 

Bindea, 1995) based on radiometric data is used to <late 

DAIC emplacement. The proposed model is supported by 

relationships between the main rock and mínera! associa

tions observed in the field and under the microscope. 

lt assumes that (Figs.3, 4): 

1. Earliest DA IC components are gabbros and diorites 

of mantle origin , with xenoliths of olivine pyroxenites, 

partly or completely altered into hornblendites. 

2 . During their rise into the crust, these rocks (probably 

in a subsolidus stage) were partly mixed and mingled with a 

crustal syenitic magma. In this dynamic environment a part 

ofthe syenitic magma evolved towards: 

• flow-oriented monzonitic components by mixing with 

the ascending basic rocks 

• granitic melts by assimilation of quartz rich crustal 

rocks. 

Geo/ogical Survey of S/ovak Republic, Dionýz Šllír Publishers, Bratislava /998 ISSN J 335-096X 
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Fig. l Position of the Ditrau A/kaline lntrusive ľomplex in the structural fra111ework of tlie Ro11w11ian Ľastern Carpathians. 

w 
E 

Bucovinian sedimenta cover 

Fig.2 The Ditrau Massif is included in the Alpine Bucovinian nappe and cuts therein the Variscan nappe structure (Schematic geo
logical profile through the Centra/ Eastern Carpathians). 

3. During a later stage a nepheline syenitic magma 
originated in the mantle by partia! melting, intruded the 
aforementioned Ditrau rock associations. lt produced in 
the previous DAIC rocks veining, hybridization and 
metasomatic alteration. 
• In a late stage pegmatitic facies developed locally and 

sodalite and/or cancrinite bearing nepheline syenites 
formed 

• tinguaite veins cut the whole structure 
• a final hydrothermal stage associated with stockwork 

and vein mineralization concluded the development of 
the Ditrau complex, 

4. During the first Alpine compressional stage the 
DAIC was involved in the Middle Cretaceous nappe 
system and was uplifted by tectonic transport. 

Previous investigations 

Various ages for the Ditrau Alkaline lntrusive Com
plex were assumed or inferred in early works ranging 
from Neogene to Paleozoic. Geologic relationships 
clearly show that the DAIC is younger than the 
surrounding Pre-Alpine metamorphic rocks and is 
considerably older than the Pliocene sedimentary cover. 

---- ---- --------------- - - - - - - - -



Slovak Geo/.Mag. 4, 4( / 998), 213- 221 

Fig. 3 Petrologic model far the interna/ struc
ture of the Dilrau A/kaline lntrusive Complex. 

215 

--,,,,--../_ ) ~--- ------,,,,,,,.-,- "' -- -
/ / - - - ~....-,,;,,.;,,...--,_ ' 

-- ·: ::_:_..('~: Thus, a Mesozoic or younger age was 
considered by Mauritz and Vendl (1923) 
and a Post-Neocomian age was suggested 
by Reinhard (1911) and Foldvári (1946), 
assuming genetic relations to the Neogene 
volcanics of the East Carpathians. 
Streckeisen (1931) suggested an intrusion in 
the Upper Cretaceous, while Ianovici 
(1938) envisaged a Jurassic age, because 
Liassic alkalíne igneous rocks occur in the 
Brasov area. A Yariscan emplacement was 
assumed by Pb-a ages of 297 Ma on zircon 
and 326 Ma on monazite (lonescu et al. , 
1966). 

-

Homblendlte (amphibolized 
olivine-pyroxene mantle xenolith) 

Granite 

- Gabbro, diorite (massive, oriented) D Nepheline syenite 

Rel iable estimates of the DAIC age 
appeared only since the first K-Ar ages 
were recorded. Bagdasarian ( 1972) sug
gested a Pre-Jurassic age ( 196 Ma) for 

-

~

one of magma mingling and mixing - H~rid alkaline gabbrot, diorite( mol)Zonlte, 
altemance of variQus onented yéined anp metaSQma ,cally a tered 
n<l sheeted rocks) ey nephel11e syerntes 

-

. . . . ) [ j Hydrothennal alteration 
Syemte (preva1hng onenled === (liebnerilization, mineralizalion) 
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hornblenditic rocks and an Upper Jurassic-Neocomian 
emplacement (140-120 Ma) of syenites and granites. 
More reliably, the nepheline syenites, tinguaites and the 
contact aureole were dated by Streckeisen and Hunziker 
(1974) at 160 Ma, with cooling below 300°C at 150 Ma. 
Between 1972-1981 Mí'nzatu et al. (1980, 1981) recorded 
further K-Ar mineral and whole-rock ages ranging :from 
200 to 120 Ma. Based on isochron interpretations of the 
available K-Ar data, Kräutner et al. ( 1976) proposed an 
emplacement at 135 Ma and suggested cooling ages for 
the lower age values ( 122-115 Ma) and inherited Ar in 
rocks with higher age values (189-156 Ma). An -1oArf6Ar
-1oKl6Ar mineral isochrone oť 138.7±3 Ma for different 
DAIC biotites was also interpreted to indicate the closing 
age of the system (Mí'nzatu et al. ( 1981 ). A multistage 
evolution of the DAIC was proved by K-Ar dating since 
reliable Triassic K-Ar ages of 237-216 Ma (Pál-Molnár 
and Árva-Sós, 1995) and 40 Ar-39 Ar mínera! plateau ages 
of 231-227 Ma (Dallmeyer et al. , 1997) were recorded on 
homblenditic and gabbroic rocks. A two stage model 
proposed by Pál-Molnár and Árva-Sós ( 1995) suggests a 
Middle Triassic-Lower Jurassic intrusion of hom
blendites, nepheline syenites and granites, and a Middle 
Jurassic- Lower Cretaceous event that produced syenites, 
alkali-fe ldspar syenites and hybrid diorites. 

Based on the first Rb-Sr whole rock ages Popescu 
( 1985) inferred an ultrabasic intrusion at 200 Ma, follo
wed by a syenite intrusion at about 160 Ma. A reinter
pretation of these data and earlier K-Ar ages by Zincenco 
( 1991) suggested the entering of the DAIC in the 
subsolidus stage at 171±3 Ma, ending of the pneuma
tolitic stage at 165±5 Ma and closing of the hydrothermal 
phase below 300°C at 154 Ma. Further Rb-Sr whole rock 
isochrone data were interpreted by Zincenco et al. ( 1994) 
in favour of a DAJC emplacement at 201 ± 1 Ma, most 
probably in the Sinemurian. Based on a supplementary 
Rb-Sr isochrone of23 I Ma for ultrabasic rocks, Zincenco 

( 1996, fide Postolache, 1997) suggested another age mo
del involving the DAIC emplacement 231 Ma ago, with 
the cooling ofthe marginal zones below 350°C at 201 Ma 
and the persistence of_ a centra( zone in a so lid-liquid-gas 
stage until 123 Ma, when it pierced the solid cover zone. 
The system cooled below the hydrothermal stage at 
l16Ma. 

Interpretation of analytical data 

K-Ar total gas ages and 40 Ar/39 Ar mineral plateau 
ages (Tables 1,2,3) recorded on Ditrau rocks in the co
urse of time by different authors (Bagdasarian, 1972 
were used to date the DAIC emplacement; Streckeisen 
and Hunziker, 1974; Mí'nzatu et al. , 1980, 1981 ; Pál
Molnár and Árva-Sós, l 995 ; Dallmeyer et al., 1997). 
For stratigraphic time-scale the calibration of Gradstein 
et al. ( 1994) was used. 

A rough statistic evaluation of all these data by histo
grams (Fig.5) indicates that age values cluster near two 
maximum domains, in whích five secondary frequeAcy 
peaks can be recognízed at: ~235 Ma for homblendite and 
gabbro-diorite ages; ~215 Ma for added granite ages, ~ 155 
Ma, ~ 135 Ma and ~ I 15 Ma for nepheline syenites and 
various pre-nephelíne syenite rocks. This figure is compa
tible with our proposed petrogenetic model. It suggests ( 1) 
a Middle Triassíc emplacement (~235 Ma) of gabbro-dio
rites wíth amphibolízed mantle xenolíths, (2) followed in 
the Upper Tríassic (~215) Ma by the crustal granítoids. (3) 
The nepheline syenite event appeared at the beginníng of 
the Upper Jurassic (~ 160 Ma). It produced partia( resetting 
of the Ar system in previously · formed rocks. The conti
nuously decreasing frequency of the age cl_usters at ~ 135 
Ma and ~ 115 Ma, suggests a slow and long lasting cooling. 
During this period the late hydrothermal metasomatic 
activity and míneralizatíon may bave taken place. Cessation 
of Ar loss at ~ 115 Ma fits well the suggested tectoníc up lift 
by Alpine nappe transport during the Middle Cretaceous. 
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Table 2. K-Ar ages ofSYEN!TES and GRANITESfrom the Ditrau A/kaline lntrusive Complex 
recorded by Bagdasarian (1972), Ninzatu et al. (/980, /981), Pál-Mo/nár and Árva-Sós (1995) 

Rock type Locality K-Ar total gas age 

Biotite Muscovite K-feldspar 

Syenites (n=I 5) 

Syenite pegmatite Hereb Valley, gallery 6 161 ,8±6, 1 

Pegmatoidic syenite (vein in hombl.) E confluence Teascului/Jolotca 

Biotíte-syeníte (with títaníte) Dítrau-Tulghes road, km 1 1 139,3±5,1 

Biotíte-syenite Ditrau Valley 134,3±4,8 

Syenite E confluence Símo/Jolotca 

Syenite (folieted, vein) Ditrau-Tulghes road 

Bíotíte-syenite Dítrau Valley 117 

Biotíte-syenite Dítrau Valley, quarry 113,6±4,6 

Syeníte Teasculuí Valley, gallery 19 107,6±4,1 182,7±6,9 

Alkali feldspar syenite Sírno Valley 102,6±4,0 113,5±4,3 

Granites, aplite granites (n=8) 

Granite Torok Valley 217,6±8,3 146,0±5,6 

Granite Teascului Valley 213,5±8,2 139,1±5,4 

Granite Naghag Valley 206,3±7,8 142,7±5,7 

Aplite Borehole 120, m 2 

Leucogranite Confluence Hompot/Jolotca 

Sample Source 

Who e-rock Nr. 

20 Minzatu et al. ( 1981 ) 

143,5±0,5(/42±7) 5137 Bagdasarían (1972) 

136 2 Minzatu et al. ( 1981 , 1980) 

13 1 3 Minzatu et al. {1981 , l 980) 

125,5±3(128±3) 5 135 Bagdasarian {1972) 

118±1(/ 21,5±0,5) 5 140 Bagdasarian ( 1972) 

112 Minzatu et al. ( 1980) 

4 Minzatu et al. ( l 981) 

6680 Pál-Molnar & Árva-Sós (1995) 

6679 Pál-Molnar & Árva-Sós (1995) 

6677 Pál-Molnar & Árva-Sós ( 1995) 

6703 Pál-Mol nar & Árva-Sós ( 1995) 

6704 Pál-Molnar & Árva-Sós ( 1995) 

141 ,9±5,5 19 Minzatu et al. ( 1981 ) 

121 ,2±12(125±/0) 5133 Bagdasarían ( 1972) 

Calcu lated with constants recommended by Steiger and Jäger ( 1977), values from Bagdasarian ( 1972) recalculated by Zincenco et al. ( 1994) with constants recommended by Jäger and Steiger 
{1975); original published values in brackets 

Table l. K-Ar and 40Ar-39 Ar ages of HORNBLEND!TES and GABBRO-DIORJTES from the Ditrau A/kaline lntrusive Complex 
recorded by Bagdasarian ( 1972), Ninzatu et al. ( 1981 ), Pál-Molnár and Árva-Sós ( 1995), Dallmeyer et al. ( 1997) 

Rock type Locality K-Ar total gas age 

Hornbl. Biotite Plagioclase Whole-rock 

Hornblendites (n= 13) 

Homblendite Tamita Valley 237,4±9,1 

Pegmatoidic hornblendite Tamita Valley 234,7±10,8 162,4±6, 1 161 ,3±9,8 

168,3±7,2 

Homblendite Jolotca Valley, gallery 6 226,0±9,6 

Hornblendite Pietrarílor Valley 216,0±8,8 

Hornbl. lense in oriented diorite Confluence Tasok/Jolotca 195±8 (/96±6) 

Hornblendite with plagioclase incl. Dítrau-Tulghes road 174± 1(/ 77±1) 

Homblendite (xenolíth) W confluence Halasag/Jolotca 159±12(/61±/0) 

Hornblendite in oriented syenite W contluence Simo/Jo lotca 156±2(/6/ ±2) 

Bíotitite (biotitized hornblendíte) Jolotca Valley 161 ,0±6.3 

Biotite-hornblendíte Jolotca Valley 134,5±5,2 

Gabbro-diorites (n=8) 

Hornbllende-díorite Dítrau-Tulghes road, km 7 

Gabbro Jolotca Valley 

Diorite with feldspar aggregates Teascului Valley 2 18,7±8,3 255,4±5,8 

Meladioríte Teascului Valley 208,3±8,3 138,2±5,8 

Dioríte Teascului Valley 176,6±6,7 137,4±5,5 

a e 
Hornblende 

231 5±0, 1 

227,1±0.1 

Sample 

Nr. 

6546 

6705 

6705 

6548 

6547 

5138 

5139 

5134a 

5136a 

22 

21 

2 

1 

5667 

6549 

6550 

Source 

Pál-Mol nar & Arva-Sós ( 1995) 

Pál-Mol nar & Arva-Sós ( 1995) 

Pál-Molnar & Arva-Sós ( 1995) 

Pál-Molnar & Arva-Sós (1995) 

Pál-Molnar & Arva-Sós (1995) 

Bagdasarian ( 1972) 

Bagdasarian ( 1972) 

Bagdasarian (1972) 

Bagdasarian ( 1972) 

Minzatu et al. ( 1981) 

Minzatu et al. ( 1981) 

Dallmeyer et al. {1997) 

Dallmeyer et al. ( 1997) 

Pál-Molnar & Arva-Sós ( 1995) 

Pál-Molnar & Arva-Sós (1995) 

Pál-Molnar & Arva-Sós (1995) 

Calculated wíth constants recommended by Steiger and Jäger ( 1977), values from Bagdasarian ( 1972) recalculated by Zincenco el al. ( 1994) with constants recommended by Jäger and Steiger (1975); 
original published values in brackets. 



Table 3. K-Ar ages of NEPHEL!NE SYEN!TES, T!NGUAITES and HORNFELSES /rom the Ditrau A/kaline !ntrusive Complex 
recorded by Bagdasarian (/972) , Streckeisen and Hunziker (/974) . Ninzatu el al. (/980, /981), Pál-Mo/nár and Árva-Sós (/995) 

Rock type Local ity K-Ar total gas age 

Biotite 
1 

Nepheline 
1 

Whole-rock 

Nepheline syenites (n=5) 

Nepheline syenite Ditrau Valley 156±3(/53±3) 

Nepheline syenile Comamic 154±9(/ 51 ±9) 

Nepheline syenite Ditrau Valley 150,9±5,8 

Nepheline syenite Ditrau-Tulghes road 147±2(/ 52±1) 

Pegmatoidic nepheline syenite Ditrau Valley, quarry 116,1±4,4 

Metasomatically altered nepheline syenites and syenites (n=7) 

Nepheline syenite with sodalite Teascului Valley 182,4±6,9 232,7±8,8 

Nepheline syenite with cancrinite Dilrau Valley 147,4±6,0 

Nepheline syenite with cancrinite Ditrau Vall ey 136,9±5,1 

Biotite-syenite with cancrinite Csanod Valley 126,0±5,0 

Syenile with sodalite (vein) Ditrau-Tulghes road, km 7 120,0±4,5 

Liebneritized nepheline syenite Ditrau Valley 81 ,3±3,1 

Tinguaites (n=5) 

Tinguai1e Confl uence Aurora/Belcina 172,0±6,6 

Tinguaite Pricske 164±7(/6/±7) 

Tinguaite Aurora Valley 159,3±6, 1 

Tinguaite Csanod Yalley. 159±6(156±6) 

Tinguaite Csanod Valley 14 1,9±5,5 

Hornfelses (n=4) 

Biotile hornfels Aurora Valley, gallery 7 172 

Biolile hornfels Teascului Valley 152±6(150±6) 

Ph logopit marble Lazarea, borehole 141 , m 137 156,8±5,9 

Biotite hornfels Aurora, borehole 144 138 

Sample Source 

Nr 

1764 Streckeisen & Hunziker (1974) 

429 Streckeisen & Hunziker ( 1974) 

7 Minzatu et al. ( 198 1) 

5142 Bagdasarian (1972) 

9 Mínzatu et al. ( 1981) 

6678 Pál-Molnar & Árva-Sós ( 1995) 

8 Minzatu et al. ( 198 1) 

5 Minzatu et al. ( 1981) 

6 Minzalu et al. ( 198 1) 

1 Minzatu el al. ( 1981) 

10 Minzatu et al. ( 198 1) 

16 Minzatu et al. ( 1981) 

835 Streckeisen & Hunziker ( 1974) 

17 Minzatu el al. (1981) 

204 Streckeisen & Hunziker ( 1974) 

18 Minzatu et al. ( 198 1) 

Minzatu et al. ( 1980) 

1195 Streckeisen & Hunziker (1974) 

24 Minzatu et al. ( 1981) 

Minzalu el al. (1980) 

Calculated with conslants recommended by Sleiger and Jäger (1977), values from Bagdasarian ( 1972) and Streckeisen and Hunziker ( 1974) recalculated by Zincenco el al. (1994) with 
constants recommended by Jäger and Steiger (1975); original published values in brackets. 
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Fíg. 5 Hislograms wilh K-Ar total gas ages and 39 Arl 0Ar 
mínera/ plateau ages from rocks of the Ditrau A/kaline 
/ntrusive Complex. (Dalafrom Bagdasarian, 1972: Slreckeisen 
and Hunziker, 1974; Mínzatu el al., /980.198 1; · Pál-Molnár 
and Árva-Sós, 1995; Dallmeyer el al., /997) 

A more detailed and reliable analysis, based on over
lapping age intervals of error ranges (±) for indivídua) 
samples (bars in Fig.6), suggests the following scenario: 

( 1) an early basic intrusion cooling below 500 °C 
between 231-227 Ma, as indicated by 40 Ar/39 Ar 
hornblende plateau ages from gabbro and diorite, as 
well as hornblende K-Ar total gas ages from 
hornblendite . Thus, conventionally, the gabbro-diorite 
emplacement and accommodation of mantle xenoliths in 
these rock.s occurred in the Carnian, at - 230 Ma, as 
suggested by Dallmeyer et al. ( 1997). Recently, an age 
of 231 Ma was proposed by Zincenco ( 1996, fide 
Postoloache, 1997), on the bas is of a Rb-Sr isochrone 
for ultrabas ic rocks. Apparently, in hornblendites and 
gabbro-diorites argon systems of biotite-, plagioclase
and whole-rock were partly influenced by Jurassic 
heating, hybridization, metasomatic changes and recry-
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stallization, produced by the penetrative nepheline 
syenite event. The rejuvenated biotite and feldspar K-Ar 
ages suggest tah the whole rock complex, a cooling 
below 300 °C between 160-140 Ma. 

(2) For biotite from granites, an overlapping K-Ar 
age interval of 216-212 Ma may be considered, 
indicating cooling below 300 °C. Thus, conventionally, 
the flna/ emplacement stage of granit ie- and associated 
syenitic granitoids can be assumed in Norian, al - 215 
Ma. A muscovite age of syenite-pegmatite suggests 
Jurassic partia) heating over 400 °C at - 160 Ma, during 
the nepheline syenite event. A slow cooling of granites, 
syenites, gabbro-diorites and hornblendites down to 
300 °C, until 135-130 Ma, is suggested by rejuvenated 
K-Ar ages of biotite from syenite and homblendite, of 
feldspar from granites, gabbro-diorites and of whole
rock ages . 

(3) The nepheline syenite emplacement was the last 
important thermal event in the DAIC, since the veining, 
hybridization and metasomatic intluences nearly the 
whole massif. The best dating of this event may be infer
red from tinguaite ages, as proposed by Streckeisen and 
Hunziker (1974). Tinguaites forrned fast cooling veins in 
the final stage of the nepheline syenite intrusion. Over
lapping whole-rock K-Ar ages of tinguaites are between 
165-160 Ma. Biotite and nepheline ages of nephe line sye
nites cluster around 155 Ma. This age interval ( 165-155 
Ma) complies with the aforementioned rejuvenated 
muscovite, biotite, fe ldspar and whole-rock K-Ar ages, 
recorded in syenites and hornblendites. Consequently the 
emplacement of nepheline syenit es may be inferred to be 
Cal/ovian, with a possib/e extension into Lower 
Oxfordian, al 165-160 Ma. In hornfelses, prevailing 
biotite ages mark this event. 

(4) In metasomatically altered nepheline syenites, as 
well as in syenites, which are the most suitable rocks for 
the postmagmatic alteration, biotite-, feldspar- nepheline
and whole-rock ages cluster around 135 Ma and 115 Ma. 
We interpret the age of 135 Ma as a partia! cooling below 
300 °C and the end of high temperature metasomatic 
activity. The 1 15 Ma event probably marks the final stage 
of hydrotherrnal activity and definitíve cooling due to 
tectonic uplift by nappe transport. 

. Proposed timing of the DAIC emplacement 

Considering the above interpretation of analytical data 
'and the proposed petrogenetic mode l the fo llowing timing 
is suggested for the DAIC emplacement (Fig.7): 

c.230 Ma - Carnitm (231-227 Ma 40Ar- 39Ar Horn
blende plateau ages and 235-225 Ma overlapping interval 
for K-Ar hornblende ages of gabbro and hornblendite}. On 
the South European pass ive continental margin a mantle 
derived gabbro-dioritic magma raised up due to mantle 
plume activity related to the Middle Triassic extensional 
stage (Dallmeyer et al. , 1997). In the Bucovinian sedimen
tary cover this Middle Triassic extension is recorded by 
Ladinian radiolarites (Sandulescu, 1973) which cover the 
Anisian platforrn dolomites. The ascending magma contai-
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ned ultramafic mantle xenoli ths, represented by olivine bea
ring pyroxenites. These rocks were accommodated to 
crustal conditions by metasomatic changes with the 
gabbroic magma and by partia! hydration; they were 
partially or completely transformed into hornblendites by 
,,amphibolization". 

c. 215 Ma - Upper Norian (2 I 6-212 Ma overlapping 
interval of K-Ar ages for biotite of granites and for hor
nblende of hybrid gabbro-diorites, hornblendites). The 
gabbro-diorite mass, probably in a subsolidus state, rose 
and penetrated the crustal syenitic magma in the crust. Un
der these dynamic conditions magma mingling and magma 
mixing produced a large variety of intermediary hybrid 
rocks. Prevail ing oriented textures in most pre-nepheline 
syenite rocks are consistent with these dynamic conditions 
at a relative ly deep crustal level. Sheeted structures and 
lenticular bodies of mafie rocks, enclosed in fol iated 
syenitic rocks, strongly suggest a mingling of the two 
magma types. Magma mixing produced a continuous 
transition from al.kalí diorites to syenites. A large variety of 
foliated hybrid monzodiorites and monzonites occur in the 
transit ional zone. Concomitant assimi lation of quartz rich 
crustal rocks gave gradual transitions to quartz monzonites 
and quartz syenites. For granitic DAIC rocks that formed 
during this stage, a larger crustal assim ilation beneath the 
actual intrusion level may be assumed. Ve in ing by granite
aplitic rocks supports this interpretation. 

c. 165-160 Ma - Callovia11-0 xfordian (/65-155-Ma 
overlapping interval of K-A r whole rock ages of tinguai
tes with biotite and nepheline K-Ar ages from nepheline
syenites, muscovite, biotiLe and feldspar ages [rom 
syenites and hornblendites, biotite ages from hornfelses). 
A mantle derived nephe line-syenite intrusion, formed by 
partia! melting, intruded as a „centra! stock", but also pe
netrated laterally towards marginal parts of the massif and 
veined all previously formed DAIC rocks. During late 
stages it de veloped locally to a pegmatoid facies. Mafie 
foid-rocks (,,ditro-essexite", a comprehensive term for 
plutonic rocks of essexitic and theralitic chemistry, pro
posed by Streckeisen, 1952) formed through hybridiza
tion and partia! metasomatic substitution of the previous 
gabbro-dioritic and monzonitic rocks with prevailingly 
oriented texture. The magmatic activi ty ended by late tin
guaite veins. The nepheline-syenite event may be corre
lated with the Jurassic extensional stage that produced a 
separation of the Bucovino-Getic microplate from the 
European margin by the opening of the Civcin-Severin 
rift- and spreading-system ( External Dacidic Rift acc. to 
Sandulescu, 1984). lnside the Bucovino-Getic microplate 
theses Jurassic extensional conditions are recorded in the 
Bucovinian sedimentary cover by Callovian-Oxford ian 
radiolarites. Later, the deeps were filled by Upper Juras
sic - Lower Cretaceous tlysch sequences. The nepheline
syenite emplacement ends subsequent to the Lias alka line 
volcanism that was active to the south (Holbav), on the 
Bucovinian margin near the Civcin-Severin rift system. 

Cooling up to c.135 Ma - Berrfosian (/ 40-/30 Ma 
frequency peak for biotite, feld1p ar, and whole rock K-Ar 
ages recorded in prevailing altered nepheline-syenites 

and syenites, but a/so in granites, gabbro-diorites, 
hornblendites and hornfelses). A cooling period lasting 
about 20-25 Ma, supports the assumption of a deep 
crustal intrusion leve l. Late- and post-magmatic hydro
thermal-metasomatic alterations produced peculiar varie
ties of nepheline syenites and pegmatites with cancrinite 
and sodalite (,,ditro it", term proposed by Zi rke l, 1866 for 
a vari ety of biotite-bearing nepheline syenite with cancri
nite, primary calcite and sodalite along fractures). 

Nappe transport and uplift up to c.J 15 Ma - Aptian 
(/20-//0 Ma frequency p eak far youngest biotite, 
feldspar, nepheline and whole rock K-Ar ages in nephe
line-syenites and syenites). A final closing of the Ar-sys
tem through cooling below Ar re lease tem peratures is 
ass igned to the tectonic uplift. lt may be inferred that hyd
rothermal alteration (liebneritization) and mineralization 
developed before this time. A Meso-Cretaceous uplift of 
the DA IC is shown by its uppermost (Bucovinian nappe) 
position in the pre-Cenomanian nappe pile of the Centra l 
Eastern Carpathians. 
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Petrology and stratigraphy of the Meliaticum near the Meliata 
and JakJovce Villages, Slovakia 

t R UDOLF MOCK, MILAN SÝKORA, R OMAN AUBRECHT, LADISLAVA O.žVOLDOVÁ, 
B ALÁZS KRONOME, P ETER R EICHWALDER & JOZEF JABLONSKÝ 

Department ofGeology and Paleontology, Comenius University, Mlynská dolina - G, 842 15 Bratislava 

Abstract. Problematics of the Meliaticum, Meliata Ocean and the other questions that are closely connected 
with them have a prominent place not only in the Carpathian, but in the Alpine geology as well. 

The present paper brings new contributions to this body of knowledge. lt deals with the investigation of 
Meliaticum in the vicin ity of the Meliata village (SW of Gemericum) and in the wider surroundings of the 
Jaklovce vi llage (NE margin) (Fig. l ). 

The vicinity of the Meliata village represents tectonic half-window (Meliata tectonic window) whose 
rocks contain geological structure complicated by younger thrust tcctonics. The Meliata Unit crops out as 
repeatcd discontinuous tectonic slices in this wi ndow. It is chieíly composed of the Jurassic deep-water 
shales. In this matrix various large blocks of older Triassic rocks occur. The shale slices were most likely 
accumulated in an accretionary wedge. 

The shales contain sparse thin intercalations of breccias and sandstones, as well as of thin-bedded radio
larites, which also form olistoliths in shales. 

The breccias contain mainly clasts of limestones, among which shallow-water limestones prevail. Other 
carbonate rocks are represented by metamorphosed limestones. Their metamorphi sm preceeded the formation 
of the breccia. Also found as clasts in the breccias are cherts and radiolarites. Volcanic rocks of various tex
tures and chemical composition are al so important c lasts. Claystone lithoclasts in the breccias were derived 
from the underlying beds. 

Radiolarian microfauna from radiolarites represent the stratigraphic range of Middle Bathonian - Early 
Callovian (Unitary Association Zone: U.A.Z. 6 - U.A.Z. 7 according to the !atest biozonation of Baumgartncr 
et a l. , 1995). The youngest assemblagc of the Meliata village area was found in the uppermost part oť the 
Meliata Unit type locality (Kozur & Mock, I 985) and was assigned to Late Callovian-Early Oxfordian 
(Kozur el al. , 1996). 

The Meliaticum at the Jaklovce village area is also represented by Jurass ic melange. Claystones, siliceous 
shales, argillites and sandstones form its matrix. Coarse-grained sandstones to microbreccias and 
conglomerates are a less common part of the matrix. The Jurass ic age of the matrix rocks is shown to be 
Middle Jurassic (Kozur & Mock, 1995) by fragments of belemnite rostra and by radiolarians from a layer of 
radiolarites in the matrix shales. 

Pale, shallow-water, metamorphosed Honce limestones, pe lagic cherty limestones, dolomites, basalts, 
radiolarites, serpentinites and pcrhaps clastic sediments of Early Triassic age represent the most common 
melange olistoliths. Oli sto liths of Jurassic radiolarites havc not yet been found in this area, but 
serpentinites and basic volcanic rocks are frequent in compari son with the Meliata area. Metabasalts are 
geochemical ly most sim ilar to N-Morb (enriched mid-oceanic ridge basalts) types (according to minor 
e lement distribution) and indicate their origin to have been in marginal or back-are basin . 

Eight samples generally from Meliata area were analysed for heavy mínera! contents. The results are 
complemented by samples from Florianikogel. Austria (Eastern Alps) and Margecany (northern occurrences 
of Mcliaticum). The data are grouped into two different asscmblages. Assemblage No. 1, found in the silt
stones of Middle Jurassic age from Meliata and in the sandstones from Florianikogel locality, is dominated by 
garnet and apatite, as wel l as by presumably auth igenous barite. In these samples, some lesser amount of 
chromium spinels was also found . The apparent similarity between the Meliata and Florianikogel samples is 
noteworthy. Assemblage No.2, found in the sandstones and quarzites from the Meliata and Margecany areas, 
contain only the most stable minerals, e.g. tourmaline, zircon and rutile (without chromium spinels). Thesc 
samples, however, are of uncertain age and position within the melialic rock complex. 

Key words: Western Carpathians, Mel iaticum, Triassic, Jurass ic, sedimentology, basalts, radiolarians, heavy 
minerals. 
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A. lntroduction 

The problems of the Meliaticum, Meliatic Ocean, the 
question of its eastward and westward prolongations, the 
problems of Cimmerian collision and suture zone, the 
temporal and spatial relationships with other mobile 
zones, e.g. the Penninic Ocean and/or its indivídua! 
troughs (South and North Penninic), Pieniny Klippen 
Belt, Vardar Zone or Southern Tethys are all questions 
actively being debated around the Alpine Europe. 

The Meliatic topic also has a prominent place in un
derstanding of the Carpathian geology. During the last 
two decades, considerable progress has been achieved. 
However, there are still many unresolved problems and 
unanswered questions. Therefore, in the early nineties 
our team decided to contribute to the knowledge of the 
Meliaticum within the project "Geodynamic evolution 
and deep structure of the Western Carpathians". Key 
areas, in which also our investigation was concentrated, 
are near Meliata village and the wider surrounds of 
Jaklovce village. The first site lies southwest of the 
Gemeric Superunit, whereas the second occurs at its NE 

Fíg. / Posilion o/ lhe sludied areas (see Fig.2). 

R. Mock, M. Sýkora et al. : Petrology and stratigraphy oj the Meliaticum .. . 

margin . The positions of these local ities provide contri
butions to the solution of one of the key qaestions in the 
Western Carpathians: do the "northern" Meliatic occur
rences represent an independent suture zone north of the 
Gemeric Superunit or are they just remnants of an 
obducted Meliatic nappe? This question was already 
treated by Kozur & Mock (1995, I 996, 1997) and 
Kozur et al. (1996) , by which also some preliminary 
results of our investigation were mentioned. This paper 
presents the detailed petrological, sedimentological and 
paleontological data, obtained during the works on the 
aforementioned project. 

B. Meliata unit in its type locality and vicinity 

1. Ceologic and tectonic setting 

The area of Meliata village is the most important occurence 
of the Meliatic Unit; although it also has good outcrops, 
most of them, however, were not studied in detail until the 
early ninetees. The attention of numerous geologists was 
focused mainly on this area; several exploration bore-

IO c::J 
II~ 

Fig.2 Simplified scheme ofleclono-stratigraphic units in the SE part o/ the Western Carpathians. 
/ - Gemericum Gelnica Group, 2 - Veporicum, 3 - Gemericum Late Pa/eozoic, 4 - Gemericum Rakovec group, 5 - Me/iaticum, 
6 - Bôrka nappe, 7 - Ochtiná and Črme/ unit, 8 - Silica, SJratená nappe, 9 - Turňa and Slovenská skala nappe, IO - Quaternary, 
11 - Centra/ Carpathian Pa/eogene 
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Fig. 3 Geological scheme oj the Meliata vi//age area (modifiedfrom Mel/o & al., 1996). 
1 - Qua/ernary, 2 - Si/icicum, 3 - 1-debris flow deposits, 2 - block oj limes/one(? Early Triassic) , 4 - 1- block oj rhyo/ite, 2-blocks oj 
basalts, 3 - bloc k oj arkose, 5 - dar k gray and green shales, siltstones, sandstones wilh lithoclasts oj radiolarites, 6 - thin layers oj dar k 
gray radiolarites (Calovian - Early Oxjordian) 7 - gray-green and reddish radiolarites (Bathonian-Calovian) , 8 - O/istostroma wilh 
lithoclasls oj Carnian and Norian limestones (:' Liassic), 9 - red radio/arites, shales and /imestones (Ladinian-Early Carnian), 
I O- light massive crystallíne limestones (Pelsonian), P -studied profile see Fig. 4, 0 - borehole 

ho les and one deep structural borehole (Mel-! ) were drilled 
here. The Meliata Unit of this area represents a tectonic 
half-window (the Meliata tectonic window), which has a 
complex geological structure, as is evident frorn the map of 
Mello et al. (1996) and from the material corning from the 
deep borehole (Straka et al. , 1984; Straka, 1986). The 
borehole was, however, interpreted incorrectly. Fejdiová & 
Ondrej ičková ( 1992) proved that the dark shales in the 
1718 - 1900 m interval , originally considered to be the 
Early Triassic of the Silica Nappe (e.g. Straka, 1986), 
represent in fact the Jurassic deposits of the Meliata Unit. 
From the siliceous shales at 1750-1900 m they obtained 
well preserved Jurassic radiolarians. 

The Meliata Unit in the Meliata tectonic wi ndow 
crops out di scontinuously over an area of about 5 km2

• 

To the south it is present at Guba hill ( lined by the 
Hraničná dolina va ll ey) and on the north it forms Hámor 
hill (Fíg. 3) . 

The field exploration showed that the Meliata Unit all 
around the window is chietly composed of Jurassic deep
water shales, the s l ices of which are repeated several 
times. They comprise also of various large blocks of 
older, Triassic rocks . Whether they form olistoliths or 
tectonic lenses, is in some places indeterminable. The 
shale sli ces were most likely accumulated in an accretion
ary wedge (imbricated thrust sheets) . 

Jurassic rocks, representing the melange matrix in the 
Meliata area, underlie a large area south and southwest of 
the village, toward Sujhoš hill (272 m). They a re we ll 
exposed directly at Meliata village, at a small g ipsy set

SL0v4.; 

~ \; 
~ INFORMACNt ~ 
8 STREDISKO i'g 
ť) 
~ 



226 

tlement near the protestant church (at the turning of a 
field road from the village center to the Meliata mill). 
They are represented mainly by dark-grey to greenish
grey clayey shales, siliceous and laminated shales, grey 
and greenish sandstones and argillites, and rarely also by 
fine-grained polymictic conglomerates and breccias. The 
lamination in the shales is frequently formed by admix
ture of silty quartz, muscovite and rarely by biotite (Pl. 1, 
Fig. 1 ). The latter is commonly chloritized. At the north
ern margin of the village, in the clayey shales also poorly 
preserved radiolarians have been found (Pl. VIII , Fíg. 6) . 
Autochthonous radiolarites, forming thin intercalations or 
even clasts in the shales, are also widespread. They are of 
the Middle Bathonian - Early Oxfordian age (see chapter 
B.5). The radiolarites are commonly tectonically dis
rupted (Pl. I, Fig. 4). They contain rare detrital quartz 
grains, and silt-sized mica ílakes. The presence of rhom
bohedra of epigenetic Fe-carbonates is conspicuous. 
Where the radiolarites contain an increased portion of 
clayey matrix, they should rather be called radiolarian 
shales. 

The Jurassic radiolarites occur also as megaolistoliths 
as at the hills Hámor (335 m) that is also partly formed 
probably by Triassic radiolarites, and Guba (322 m). Ju
rassic radiolarites possess greyish-green, reddish , ochre
yellow and greyish-blue colour. The reddish ones usually 
contain a detrital quartz admixture. They contain poorly 
preserved radiolarian assemblages of Middle Jurassic age 
(Kozur et al. , 1996) (chapter 8 .5). 

Some s lump structures and boudinage of the deep
water sediments occur locally. Important sedimentary 
components are also Mn and Fe rich shales, lenses and 
nodules. The presence of olístoliths, either singly or in 
olistostromes, is characteristic for this area. 

Pale, crystalline Lower Anisian Honce limestone, 
fo rming a large outcrop in a steep slope along the Muráň 
river 500 m south of Meliata, evidently represents a big 
block (olístol ith) in the Jurassic rocks (the deep borehole 
Mel-1 penetrated through thi s block). Ind ividual blocks of 

Fig.4 Sketch of the outcrop section on the left bank of the 
Muráň river near the Meliata village (the Meliata Unit type 
profile). 
1 - light cofoured metamorphosed Honce limes/one (Earfy 
Anisian), 2 - reddish Žarnov limes/one - often as flssure fllling 
in the underlying limestones (Pelsonian). 3 - red and parity 
green ribbon radiolarites and silicifled limestones with 
intercalations of shales (Ladinian), 4 - unsorted and nearly 
matrix free breccia (olistostrome) composed of predominantly 
Late Triassíc limes/one c/asts, 5 - breccia (olistostrome) 
composed of boudinaged c/asts of grey grained limes/one of 
Late Norian age. 6 - olŕstolites of grey (Early Jurassic?) 
limestones (L), 7 - intercalations and/or olistolites of grey 
radiolarites {Late Calfovian - Early Oxfordian), 8 - a. flne
grained sandstones (/S) . b. fens-shaped layers of coarse
grained sandstones (cS) or breccias (8). 9 - greenish-grey 
shales (a) . calcareous shales (b). in some places spolly (sp). 
f ucoid (F) si/ty and sandy shales. Occurrence of manganese 
admi.xture and concretions (Mn). 1 O - slope debris. f 1 - super
flcial deposils, 12 - footpath, 13 - some studied samples 
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this limestone were formerly considered to form one con
tinuous layer with a thickness of several hundreds meters. 
Also, the white crystalline limestone at the base of the 
Meliata Unit type locality has been considered to belong 
to this layer. On the basis of the field study we believe 
that the limestones on the opposite bank of the river are 
independent Triassic blocks in the shaly Jurassic rocks . 
The largest block forms Mlynský vrch hill (287 m). The 
limestones are light grey, metamorphosed, foliated and 
with ductily deformed calcite grains. In the Mel-1 
borehole, Early Anisian conodonts were found in the 
Honce Limestone (Straka, 1986; Kozur, 1991 ). 

Smaller blocks of pale Triassic dolomitic limestones, 
150 m north of the Meliata type profile (text Fíg. 3), are, 
apart from the previous ones, only anchimetamorphosed. 
Their original structure was more obliterated by dolomiti
zation than by metamorphism. In several samples original 
structures were preserved; they were intrasparites (Pl. VIII, 
Fíg. 1) to pelsparites. Rarely also poorly preserved 
foraminifers Meandrospira iu/ia (PREMOLI SILVA) and 
algal remnants are visible. Authigenic plagioclases (also 
some roc-turné compound crystals) occur frequently close 
to stylolites. The foraminifers indicate a Pelsonian age. 

Besides the white Lower Anisian limestones, the most 
frequent blocks (olistoliths) are the red radiolarites . They 
make up for instance, part of Hámor hill (335 m). In 
much-covered terrain these resistant rocks form a con
spicuous relief. The presence ofthe Jurassic shales among 
these harder blocks was verified at several places by dig
ging. This association is observable also in the borehole 
material , e .g. in the Držkovce borehole (SW of Držkovce 
village, situated NW from Meliata) there were thin inter
calations of Jurassic shaly matrix embedded between the 
Triassic clasts (e.g. at the 767 m depth). 

The melange also contains rare sma ller blocks of dark 
grey limestones. They were found just SE of Meliata vil
lage. These are laminated, in part folded , recrystallized 
limestones with barely identifiable biodetritus represented 
by calcified radiolarians and filaments . In some more de
trital laminae, ostracods (Pl. VIII , Fíg. 5), calciclasts, de
trital quartz and authigenous plagioclases were identified. 
The presumed age ofthese rocks is Early Jurass ic. 

Just at SE margin of the village (Fig. 3), a block of 
thin-bedded dark grey to black limestone was found. The 
limestone is recrystallized ; its original texture is pre
served just in relics. It contains also detrital quartz (less 
than 1 %) and epigenetic minerals (mainly pyrite, Fe-car
bonates and authigenic feldspars) . From the biodetrital 
components, some ostracods and echinoderm ossicles 
were identified in thin sections. Additionally, pelloid 
grains and some foraminifers Cornuspira sp. and Hoyan
ella sp. were also found (Pl. Vili , Fig. 2). The fora
minifers indicate an Early Triassic age of the rock, i.e. it 
represents still a pre-rift component ofthe Meliatic Unit. 

NW of Meliata behind the type profile of the Meliatic 
Unit, a block of grey arkosic arenite was found (Fig. 3). It 
comprises mainly of quartz and feldspar (predominantly 
plagioclases) grains; rarely also muscovite, accessoric 
minerals (zircon, tourmaline), clasts of low-grade meta
morphosed rocks and rhombohedra of epigenetic carbon-
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ates are present. The cement is calcitic. The abundance of 
the individual components are: 66% quartz, 32% feld
spars, 2% lithoclasts. The grains are not sorted, their 
average size is about 0.3 mm and their maximum is 5 mm. 

Approximately 800 m N of the Meliata type profile 
(Fig. 3) is a block of light grey paleorhyolite measuring 
several tens of meters . Macroscopically, it is hardly dis
tinguishable from radiolarites and other silicites. Also, the 
weathering colour is ochre-grey, just like that of the s ilic
ites. It contains grains of magmatically corroded quartz, 
K-feldspars and devitrified volcanic g lass (Pl. I, Fig . 2). 
The quartz grains are s lightly undulatory and faintly 
cracked. The feldspars are sericitized along the cleavage 
plains. A presumed age of the rock is Paleozoic, similar 
to the arkosic arenite described above. 

2. Detailed sedimentological description 

The section in the Meliata Unit type locality ("Meliata 
Series" , named by Čekalová, 1954) is situated north of 
the Meliata mill , on the left bank of the Muráň river. The 
section is about 220 m long and locally up to 25 m high 
natural outcrop. 

The type section is mentioned in many publications. It 
is interesting that in the first papers of Homola (1951), 
Čekalová (1954) and Bystrický ( 1959) the presumed Car
boniferous (now Anisian) white crystalline limestone was 
not considered to be a part of the section with shales, grey 
limestones and red radiolarites, later recognized at the 
Meliata Unit. Also, based on field exploration and shal
low boreholes drilled for the intended construction of a 
dam in the Muráň narrows, it was found that at the upper
most portions of the white crystalline limestone there are 
more and more red shales, rip-up clasts and red lime
stones (now Pelsonian) that are part of an overlying 
stratigraphic member. They were also assigned to the 
Meliata Unit, and their age was inferred to be Upper Per
mian and/or Lower Triassic (Nemčok, 1957; Bystrický, 
1959, 1964). 

Since the first conodonts were found at this locality 
(Kozur & Mock, 1973 a,b) and the Middle to Upper Tri
assic age of some members has been proven, the locality 
was mentioned in several supportative publications. They 
did not, however, substantially change the view from 
1973 (Mock in Mel Io, 1975 ; Mock, 1980; Bystrický, 
1981 ; Mello et al. , 1983 ; Kozur & Mock, 1985). 

In 1992, the type profile was re-examined at a 1: 100 
of scale . At key sites, the covering vegetation and soil 
were removed . About 200 samples were examíned for 
microfossil contents, microfacies, heavy mineral s, sedi
mentology and geochemistry. Based on these examina
tions, a new view on the structure of the profile was 
constructed (Fíg. 4): 

a.) The base ofthe section (the base ofthe unit, as was 
presumed until 1992) begins with thick white crystalline 
Honce Limestone (most probably metamorphosed Ste
inalm Limestone) ofthe Lower Anisían. In the upper part, 
the red shaly intercalations of the Žarnov Fm. are present. 
Their quantity increases upward , where a red limestone 
appears, filling neptunian dykes in the Honce Limestone. 
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Locally, the Žarnov Limestone contains angular clasts of 
the white crystalline limestone, documenting a disintegra
tion of the former shallow-water carbonate platform. The 
red limestones are also recrysta lli zed but less extensively 
than the underlying pale marbles (due to their different 
composition) . The original structure was preserved in 
only rare cases. They represented biomicritic wackestones 
with filaments and calcified radiolarians (PI.V lll , Fig. 3). 
Despite the metamorphism, they yielded a rich Pelsonian 
conodont fauna. The Pelsonian age was determined also 
for several layers of red micritic limestone in the upper
most part of the white crystalline limestone block (its 
Lower Anisian age was shown by the Pelsonian neptunian 
dykes and by conodonts obtained from s imilar limestone 
types in the Mel-1 borehole (Gaál in Straka et al. , 1984). 
In the upper part of the outcrop, the Pelsonian limestone 
is distinctly laminated. The lamination indicates how were 
the fractures oriented during deposition . Some of them 
were parallel to the bedding of the underlying pale lime
stone. 

b.) Above the white crystalline and red Anisian lime
stones, radiolarites of various colours (predominantly red) 
follow in the section (Ladinian). Their contact with the 
underlying limestone is, however, covered by debris and 
soil (at 125 min the sketch ofFig. 4). Since 1973 , a con
formable continuation was assumed, though with a small 
gap. The main reason of this opinion was the similar dip
ping of both parts of the section. Under the debris cover 
between these outcrops, however, greenish Jurassic shales 
were uncovered (samples M-7, M-9), which indicate that 
the Anisian limestones and following Ladinian siliceous 
limestones and radiolarites are just blocks (maybe olisto
liths) in the Jurass ic matrix and the formerly presumed 
continuity ofthe profile was unwarranted . The misleading 
similar dips of the blocks most probably resulted from 
their natural orientation in the olistostrome along their 
longer axes determined by the bedding planes. It is poss i
ble that the upper part of the white crystalline limestones 
also consists of several blocks separated by thin Jurassic 
shale interlayers. However, some tectonic disturbance by 
younger tectonic movements is not excluded. 

In the variegated radiolarites, pink and red colours 
predominate. Among them, silicified deep-water limestones 
also occur, frequently with big red chert nodules or layers. 
In the lowermost part a very short exploration gallery was 
dug, since this portion consists of dark grey radiolarites 
with Fe oxide coatings. According to radiolarian fauna 
(Kozur et al. , 1996) the radiolarites are Ladinian. 

c.) Between the variegated radiolarites and the over
lying units, a sharp contact occurs in the form of a thin 
interca lation of greenish claystone (0-7 cm). lt is followed 
by an olistostrome layer (6 m in the upper part of the out
crop, above 130 m in the sketch of Fig. 4) composed of 
lithoc lasts of grey, gra ined and cherty Carnian limestones 
( 10-30 cm size), also an angular block of the red radio
larite (chert, 20x IO cm in size) was found . The olis
tostrome is locally strongly squeezed with a minimum 
content of matrix, resembling a coarse nodular limestone 
(Pl.VII , Fig. 3). As a rule, the limestone clasts are suban
gu lar, whereas the rad iolarite clasts are angular. In the 
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nodular-like portion, the clasts we re probably tectonically 
rounded . Numerous grey limestone samples yielded 
Carnian conodont fauna, hence a norma! stratigraphic 
succession over the Ladinian radiolarites was inferred. 

This relative ly thin layer with olistoliths thickens 
downwards, reaching over 3 m at the foot of the profile . 
We infer that the aforementioned variegated radiolarite 
block is also a component ofthis olistostrome. 

d.) Higher above the carbonate olistostrome, the eon
tent of dark calcareous shales increases (IO m) with de
crasing quantity of the limestone o listo liths. In some of 
them, Carnian and orian conodonts were found (Kozur 
& Mock, 1973 ; Mock in Mello, 1975). The sha les are, 
however, of Jurassic age, not Upper Triass ic (Kozur & 
Mock, 1973) or Ladinian (Planderová in Mello et al., 
1983) as was proposed in the past. They are dark and cal
careous, even with di scontinuous layers (not olistoliths) 
of grey and bluish-grey limestones, free of conodonts or 
any stratigraphically valuable fossi ls. These rocks, to
gether with the shales, are inferred to belong already to 
the Jurass ic. 

e.) Deposition of the grey calcareous shales in the up
per part of the section gives way to a huge complex of 
non-calcareous claystones, in places with thin layers of 
grey and greenish-grey radiolarites . They contain radio
larian assemblages of Middle Jurassic-Early Oxfordian 
age (see chapter 8.5). The lower part of this formation is 
extensively bioturbated. A spotty appearance of the rocks 
resemble the Lower Jurass ic "Fleckenmerge l" facies (Pl. 
VII , Fig. 2). In the claystones, a 130 cm thick layer (not 
olistolith) of thin-bedded grey radiolarite occurs. From 
this upper part of thi s sequence Modrová ( I 980) obtained 
radiolarians, that were introduced by Kozur & Mock 
( 1985) as the first paleontological proof of the Jurassic in 
the Meliata Unit. The Late Callovian-Early Oxfordian 
radiolarian fauna is excellently prese rved (Kozur & 
Mock, 1985; Kozur et al. , 1996). 

These radiolarites in the type profile are overlain by 
greyish-green to grey, often distinctly laminated shales 
with thin layers of sandstones to mic roconglomerates of 
similar colour. The latter probably represent shallow 
channel fillings (Pl. II , Fig. 2). This formation can be 
traced a further 70 m. In the claystones, some Fe-chlorite 
laminae were found (Pl. VII, Fig. 4; Tab. 1 ), likely rel ated 
to synchronous volcanic activity (probably slightly 
metamorphosed tuffitic intercalations) . Some trace fossils 
(Helmintoides) and a problematic fossi l outprint 
(probably of a poorly preserved ammonoid) were also 
found in the shales. Graded-bedding in the sandstones and 
microconglomerates indicate that the formation lies in a 
norma! position. These parts were also examined for 
heavy minerals (see chapter F). The whole formation is 
nearly free of CaC03 and has signs of deep-water sedi
mentation below CCD. In the uppermost portions of the 
profile sha le layers with higher Mn concentrations (Mn
oxides forming nodules and interlayers) occur in severa l 
horizons. 

The Jurassic shale complex, covered with Quaternary 
sediments, continues behind and above the type profile 
northward as far as Hámor hill . 
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Tab. I Chlorite analyses /rom the Meliata type profile 

metatuffite lamina in thc shales isolatcd grains from the 
shales 

sample mell6-1 mell6-2 mcl16-3 mel4 mel5 mel6 

SiO2 25 .5 25 .15 25 .03 24.96 29.3 25.63 
TiO2 O.OJ 0.05 0.04 0.02 0.19 o 
Al2O1 19.64 18.61 19.24 21 .33 21.92 22.9 
FeO 29.94 30.98 31.88 25.08 22.55 24 .74 
MnO 1.33 1.33 1.31 0.23 0 .35 0. 15 
MgO 10.21 8.96 8.63 11.96 8.5 7 13.16 
CaO 0.03 0.02 0.03 O.OJ 0 .2 0.04 

a2O o o 0.02 O.OJ 0 .02 0.04 
K2O o o o O.OJ 0.82 0. 1 
H2O 11 .08 10.98 10.96 11 .34 11 .23 11 .42 
total 97 .74 96.08 97.14 94.95 95.15 98.18 
structural formules 

Si IV 2.83 2.87 2.83 2.8 3 .31 2.75 
AIIV 1.17 1.13 1.17 1.2 0.69 1.25 
T site 4 4 4 4 4 4 
Al Vl 1.4 1.38 J.39 1.62 2 .23 1.64 
Ti o o o o 0.02 o 
Fe +2 2.78 2.96 3.01 2.35 2 . 13 2.22 
Mn +2 0.13 0.13 0.13 0.02 O.OJ 0.01 
Mg 1.69 1.53 1.45 2 1.44 2.1 
Ca o o o o 0.02 o 
Na o o o o o 0.01 
K o o o o 0. 12 O.OJ 
O site 6 6 6 6 6 6 
o IO IO 10 IO IO IO 
OH 8 8 8 8 8 8 
Charge 0.23 0.26 0.23 0.42 1.45 0.36 

Element proportion recalculated on bas is of IO cations (after A. M. 
Afifi & E. J. Essene, 1988). 
• FeO + Fe2O1 formally as FeO 

3. Petroiogic analysis of the detritaI components in the 
microconglomerates and fine-grained breccias (except 
basaits). 

Samples of two detrital horizons were analysed petro
logically in thin sections: 

a.) Samples of a coarse-grained sandstone to carbo
natic breccia (see Fig. 4, cS). Carbonates represent the 
dominant component of the breccia. They can be divided 
into two groups. 

The larger group comprise metamorphosed limestones 
(Pl. Vl , Fig. 3, 4) that are partially replaced by authigenic 
feldspars (mainly albite). The degree of replacement as 
well as size of the feldspar g ra ins is variable. In some in
stances, the authigenic feldspars are concentrated at the 
surface ofthe detrital grains. 

The second gro up of the I imestone I ithoclasts is free of 
the authigenic feldspars. Though their matrix, as a rule, is 
partly recrystallized (probably also dolomitized), their 
original character is sti ll discemible. They are oomicrites, 
oosparites (Pl. III , Fíg. 6), pelsparites (Pl. 111 , Fig.7, 8), 
micrites (some with pseudomorphs after evaporites -
Pl. VI, Fíg. 1) and micrites without allochems. Also, some 
echinoderm ossicles (Pl. III , Fig. 4) and rare isolated ooids 
(Pl. JJI, Fíg. 1) and oncoids (Pl. III , Fíg. 5) occur among the 
clasts. Some ofthe crinoidal ossicles are also albitized. 
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Very rarely also, some detrital grains of intermediate 
volcanic rocks were found, with ophitic intersertal tex
ture. Some grains, formed exclusively by feldspars, pos
sess spheroidal shapes. Some indivídua! grains of mono
crystalline to polycrystalline detrital quartz were also 
found. Rip-up clasts of underlying claystones, with a 
variable content of silty admixture, are a current compo
nent of the psephite (Pl. III , Fig. 3). Pyrite is a usual 
authigenic mineral ; it replaces the grains but occurs also 
in the matrix . 

The content of carbonates in the analysed breccias 
ranges between 60 and 80%; the fe ldspar-free limestones 
occur in a 6-23 % range. The lithoclasts of claystones and 
clayey shales (the rip-up clasts) make up about 10% of 
the rock volume and the matrix 10-27%. 

b.) Sample of a fine-grained polymictic breccia (see 
Fig. 4 , fS), (Pl. II , Fíg. 3). Its dominant components are 
clasts of volcanic rocks (see the next chapter) and some 
radiolarites (also Triassic - Pl. Vl, Fíg. 2) . Limestones are 
also frequent in the breccia. They are mostly metamor
phosed; in rare cases, some relics of their original texture 
were preserved. However, some pressure-deformed and 
slightly recrystallized oosparites, but free of strong meta
morphic overprint, were also found. In some grains of a 
siliceous limestone, recrystallized radiolarians and thin
she lled bivalves were observed. Also, sparse grains of 
sandy to silty limestones were found but their original 
structure was also obliterated by the metamorphism. The 
metamorphosed limestones are frequently albitized (albite 
verified by microprobe), with alb ite grains concentrated, 
in some instances, at the surface of the lithoclasts or in
side them. This invokes a theory that some grains of the 
feldspathic rocks might represent completely albitized 
limestones. Keratophyres are part of feldspathic rocks . 
They contain feldspathic spheroids (Pl. VII, Fig. 1) with 
brownish tlaky minerals (probably biotite , according to 
some hexagonal cross-sections). Some quartz-feldspatic 
rocks, which may also represent some altered sediments, 
were also found. 

Some grain margins are rimmed by fibrous calcite or 
chlorite (less common) that grow into the voids originated 
due to grain deformation . In this calcite the authigenic 
albite grains originated later. 

The rip-up clasts of the underlying clayey shales and 
si ltstones frequently occur in the breccia. It indicates an 
erosional character of the current that transported the 
detritus. The newly formed chlorite flakes that occur in 
the underlying and overlying claystone beds were not 
found in these rip-up clasts . 

4. Detrital basaltic material analysis 

Close to the type profile at Meliata, a small (about 
2x 1.5 m) outcrop of breccia was found, that also contains 
also some clasts of basaltic rocks. lt probably represents a 
"diabase body" already mentioned by Kantor ( 1955) that 
occurrs approximately 200 m north from the type profile 
on a vegetat ion-covered slope above the left bank of the 
Muráň river. 
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The basaltic material is ch iefly represented by fine
grained varieties (mainly more or less recrystallized vol
canic glass); some more ophitic types are sparsely 
preserved. The devitrification of volcanic glass is shown 
by of fan-like aggregates of acicular plagioclase (up to 
80%). In one instance, a clast incorporated to the breccia 
appeared to represent originally a volcanic breccia. Ba
salts with intersertal structure are also widespread. The 
clasts are largely spilitized, which is shown by newly 
formed chlorite and carbonates in veinlets, fine-grained 
aggregates and as independent xenomorphic grains. The 
ophitic texture was observed in just two clasts. In one of 
them, the plagioclases are replaced by epidote pseudo
morphs, with a preservation of the original magrnatic 
texture. The basaltic material in the breccia originated 
probably as a marginal part ofa lava flow. 

Other basaltic clasts are frequent ly found in detrital 
layers directly in the greenish Jurassic shales in the Me
liata type profile (chapter 8.3). 

Although it does not represent a homogenous mag
matic rock but clasts in detrital layers, miscellaneous 
magmatic rocks can be distinguished (Pls.lV, V): 

a.) Non-recrystallízed volcanic glass with amigdales 
(Pl. IV, Fig.1, 2) is a relatively frequent cornponent. 1t is a 
dark-green to black glass with widespread (also non
crystalline) opaque pigment. The amigdales are tiny and 
possess regular circular shapes. As a rule, they are filled 
with chlorite and calcite, less quartz. 

b.) Recrystallized volcanic glass (Pl. IV, Fig. 3, 4, 
Pl. V, Fig. 1) with signs of formation of intersertal, less 
arborescent structure, i.e. the rock is cornposed of mi
crocrystalline plagioclase needles (most likely albite). 
The rest comprise a xenomorphic aggregate of chlorite 
and arnorphous ore pigment. The arnigdales (filled with 
chlorite and calcite) are frequent; elongated to massive 
plagioclase phenocrysts can be found also. 

c.) Fine- to coarse-grained intersertal basalts (Pl.V, 
Fig. 2) form the majority of the basaltic clasts. The main 
portion of the rock texture consists of usually subhedral 
elongated plagioclase crystals; the intergranular spaces 
are again filled by chlorite. The opaque minerals are pres
ent in form of amorphous pigment and, to a lesser extent, 
as crystals (cornmonly acicular). Similar to rocks of 
groups a. and b. , the plagioclase phenocrysts and amig
dales are present in places. 

d.) Ophitic basalt (Pl. V, Fig. 3) is a relatively rare 
component, consisting of big massive plagioclase crystals 
in various stages of saussuritization. As a rule, they are 
strongly altered; mineral grains of the epidote-zoisite group 
appear as a product of this alteration. Pyroxenes were not 
observed; however, their former presence is indicated by 
chlorite between the plagioclase crystals. Opaque minerals 
are again represented by brown pigment or as tiny crystals. 

e.) Dolerite (?) clasts (Pl. V, Fig. 4) were found in 
very small amounts. They are strongly saussuritized 
forming large plagioclase crystals, that were in many 
cases further albitized. From other minerals, grains of 
quartz, chlorite, epidote and cubic-shaped mineral (likely 
pyrite) are present also. 
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These types were divided to facilitate their descrip
tion; in fact, continuous transitions appear among them. 
Based on their petrographic characteristics, they represent 
different parts of a submarine Java flow: vitreous margins, 
fine- to coarse-grained intersertal types to coarse-grained 
ophitic and doleritic (?) varieties forrning inner parts of 
the tlow. Although, due to small size and high degree of 
spilitization, these clasts are inadequate for geochemical 
analysis, they probably represent an equivalent of the 
ophiolitic formation of the Meliata Unit defined as 
Švablica Forrnation (Hovorka & Spišiak, 1988) or as 
Bódva Ophiolite Formation (Réti , 1985). 

S. Evaluation of radiolarian assemblages 

The first radiolarian research of radiolarites in the 
locality Meliata was described in the paper of Kozur & 
Mock ( 1985). On the basis of revaluation of radiolarians 
from the uppermost part of the type section along the 
bend of Muráň river (Modrová, 1980) with the large 
stratigraphical interval of evaluated radiolarians -
Triassic - Jurassic) Kozur (l.c.) demonstrated the occur
rence of Jurassic in the Meliata Unit (Late Callovian
Early Oxfordian). 

The 1992 sarnples from this section provided radio
larian assemblages, which all showed signs of sorting 
(size and shape uniformity) . The conical, oval and tlask
like shapes of small size highly prevailed here. Spurnel
larians occurred rarely, mainly as fragments . The species 
Trico/ocapsa conexa Matsuoka was dominant in all as
sernblages. 

They represented the stratigraphic range of the Ba
thonian to the upper half of the Callovian (Kozur et al. , 
1996) and, according to the assemblage described in the 
paper of Kozur & Mock ( 1985) the uppermost radiolarite 
layers were assigned to the Late Callovian-Early Oxfor
dian (Kozur et al. , 1996). 

According to the !atest biozonation of Baumgartner 
et al. ( 1995) the assemblages from the samples of 1992 
are of the stratigraphic interval Middle Bathonian to 
Early Callovian (Unitary Association Zone: U.A.Z.6 -
U.A.Z.7). 

Sample M-7 (Pl.IX) - V.A.Z. 6 - U.A.Z. 7 - Middle 
Bathonian - early Callovian (the co-occurrence of Stylo
capsa oblongula Kocher, with Stichocapsa robusta 
MATSUOKA and Dictyomilrella (?) kamoensis MIZUTANI 
et KIDO.) 

Sample M-3, M-3/3 (Pl.X) - V.A.Z. 6 - U.A.Z. 7 -
Middle Bathonian-early Callovian (the co-occurrence of 
Stylocapsa oblongula MATSUOKA with Stichocapsa ra
busta MATSUOKA). 

But, both of these associations lacked the species Cin
guloturris carpalica Dumitrica or Eucyrtidie/lum ptyctum 
Riedel et Sanfilippo, which occurred in the next assem
blages from the superposed sample M-103 B. Therefore 
they probably represent the lower part of this range. 

Sample M- 103B (Pl. XI)- U.A.Z 7- late Bathonian
early Callovian (the co-occurrence of Cinguloturris 
carpalica DUMITRICA with Stichocapsa robusta 
MATSUOKA). 
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Tab.2 Distribution of radiolarians in the samples studiedfrom the Meliata Unit type locality 

Samples 
Radiolarian fauna 

Acanthocircus suboblongus s.l. YAO 

Angulobracchia sp. 

Archaeodictyomitra exigua BLOME 

Archaeodictyomitra primigena PESSAGNO el WHALEN 

Archaeodictyomitra rigida PESSAGNO 

Archaeodictyomitra sp. 

Archaeospongoprunum imlayi PESSAGNO 

Cinguloturris carpatica OUMITRICA 

Dictyomitrella (?) kamoensis MIZUTANI et KIDO 

Eucyrtidie/lum ptyctum RIEDEL el SANFILIPPO 

Eucyrtidie/lum semifactum NAGAI et MIZUTANI 

Eucyrtidiellum unumaense unumaense (Y AO) 

Eucyrtidiellum unumaense pustula/um BAUMGARTNER 

Obesacapsula morroensis PESSAGNO 

Parahsuum sp. 

Parvicingula dhimenaensis s.l. BAUMGARTNER 

Parvicingula dhimenaensis ssp. A sensu BAUMG.et al. 1995 

Podobursa sp. 

Protunuma (?) {anosus OžVOLDOVÁ 

Protunuma (?) ochiensis MATSUOKA 

Risto{a a{tissima major 8AUMGARTNER et DE WEVER 

Semihsuum sourdoughense PESSAGNO, BLOME et HULL 

Spongocapsula palmerae PESSAGNO 

Stichocapsa convexa Y AO 

Stichocapsa robusta MATSUOKA 

Stichocapsa sp. E sensu BAUMGARTNER et al. 1995 

Stylocapsa oblongula KOCHER 

Theocapsomma cordis KOCHER 

Theocapsomma cf. cordis KOCHER 

Transhsuum brevicostatum (OžVOLDOVÁ) 

Transhsumm cf. brevicostatum (OžVOLDOVÁ) 

Transhsuum maxwelli gr. (PESSAGNO) 

Tricolocapsa conexa MATSUOKA 

Tricolocapsa plicarum Y AO 

Tricolocapsa cf. plicarum Y AO 

Unuma latusicostatus (AITA) 

Unuma sp. A sensu 8AUMGARTNER et al. 1995 

Wi{{iriede/lum sp. A sensu MATSUOKA, 1983 

WiUiriedellum sp. 

Zhamoidellum sp. 

But the spec ies Eucyrtidiel/um ptyctum RIEDEL et 
SANFILIPPO also occurred there. Baumgartner et al. ( 1995) 
established its appearance in U.A.Z. 5 (latest Bajocian -
early Bathonian), but according to our research, as well as 
that of other authors (e.g. Yamamoto et a l. , 1985; 
Goričan , 1994), this species appears in Callovian. 

Therefore th is assemblage probably represents the 
uppermost part of the range ofU.A.Z. 7. 

The species Eucyrtidiel/um ptyctum also occurred in 
the assemblage from the rad io lari te in the loca li ty Guba 
(sample G-6) (Pl. X II ), NW of the studied section. This 
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assemblage also represents the same stratigraphic interval 
as the sample M- 103B. 

The youngest assemblage from radiolarites in the type 
profil e (late Callovian-Early Oxford ian) (Kozur & Mock, 
1985) (Kozur et a l. , 1996) were not fo und from the sam
ples of 1992. 

The assemblages from Jurassic radiolarites in the lo
ca lity Hamor were re lati ve ly poor ly prese rved. Their 
spec ies composition showed mostly the la rge strati
graph ical inte rval of Middle Ju rassic age (Kozur et al. , 
1996). 
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C. Meliata Unit in the Jaklovce area 

l. Previous investigations 

The rocks near Jaklovce village (Fig. 5) have long at
tracted attention of geologists. Of interest to them were 
"diabases" and serpentinites, rocks that are not common 
in the Carpathian Mesozoic. They were thoroughly 
mapped and described by Kamenický ( 1957). His map 
remains the best information about the occurrences of 
these rocks in this complex area. 

The basic and ultrabasic rocks were believed to be of 
Early Triasic age. The "Werfenian with diabases" of Jak
lovce was a well-known term. Sediments surrounding the 
volcanites and serpentinites were also considered to be of 
Early Triassic age . 

However some controversial data in the descriptions 
of Kamenický (l.c.) and some of his successors attracted a 
new generation of investigators to this area. lt was namely 
a problematic radiolarian fauna found in thin sections 
from the "Early Triassic" rocks, then the recrystallized 
pale limestones, quarried between Jaklovce and Marge
cany, that were strikingly similar to those in Meliata and 
in other known Meliatic localities. It is noteworthy that in 
the time when the marbles in Meliata were still consid
ered to be of Carboniferous age, those from Jaklovce 
were, even without any known fossil remnants, attributed 
to the Middle Triassic (Steina lm Limestone). At the same 
tíme, however, the metamorphic difference between these 
marbles at Jaklovce and the unmetamorphosed limestones 
of Galmus Plateau (Silicicum s.l.) was explained through 
narrowing and squeezing of the "north-Gemeridic syn
cline" in this section and a weak metamorphism of the 
Triassic rocks . 

In the late seventies, Mock ( 1980) found pink and red 
neptunian dykes in an abandoned quarry (with marbles 
and black aphanitic basalt in its upper parts) . This mate
rial provided some Pelsonian conodonts. Similar dykes 
were already known from the Meliata Unit. The other 
rocks such as serpentinites, basalts, red claystones and 
silic itic shales, interbedded in basalts etc ., however, were 
not known from this unit. Therefore, as with the Meliata 
Unit, this developement was considered to be an inde
pendent Jaklovce Group (Mock, 1980) and presumed to 
represent a Mesozoic cover of the northern Gemericum. 
Later, Gaál ( 1984) and Maheľ ( 1986) used the term Jak
lovce Sequence. 

Later, when all the typical Meliatic rocks had been 
reported from the Jaklovce area, the term Jaklovce Group 
became unnecessary; the whole sequence was attributed 
to the Meliata Unit s.s . sensu Kozur & Moc k ( 1985). The 
red "Werfenian shales" with "d iabase" bodies appeared to 
be red deep-water claystones, siliceous shales and radio
larites of the M iddle Triass ic age. 

New biostratigraphic and geologic data came from an 
unpublished thesis of Nižňanský ( 1982), lštvan ( 1984) 
and detailed mapping of Gaál ( 1984). A slightly simpl i
fied geological map of the latter author was also pub
lished by Maheľ (1986, p. 138). The chaotic and complex 
geological structure of the area between Kurtova skala 
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Hill and Margecany was divided by him into two se
quences, the Jaklovce and Kurtova skala. The latter was 
considered to be the higher tectonic unit, a nappe remnant 
of the Middle Triassic limestones of the north Gemeric 
type (Stratená type - Silicicum s.l.); the lower, Jaklovce 
sequence, with frequent radiolarites and ophiolites, was 
considered to be a developement similar to the Meliata 
Unit. However, the Steinalm Limestones of Kurtova skala 
Hill are affected by the same (even a higher) degree of 
metamorphism as the pale Anisian marbles of the Jaklov
ce sequence ofGaál (l.c.). 

The Meliatic Unit in the Jaklovce area also commonly 
has numerous volcanic and magmatic rocks . They include 
a wide spectrum of vo lcanic and subvolcanic "diabases" 
(many altered) and various types of keratophyres and 
paleorhyo lites. These basic volcanic rocks are dealt with 
in the separate chapter. The area is well-known mainly by 
its serpentinitic occurrences with chrysotile asbestos de
posits. They form several isolated bodies (blocks) that 
were either thought to be ultrabasic protrusions or their 
tectonic emplacements. Most of the basic and ultrabasic 
rocks represent just the blocks, either olistoliths or tec
tonic lenses, in the Jurassic subduction melange. 

2. New sedimentological and stratigraphical data 

The Meliata Unit in the Jaklovce area represents a 
Jurass ic sequence containing numerous detrital compo
nents of various size, from tiny clasts in breccias to me
gaolistol iths. Apart from it, they represent the same types 
of magmatic, volcanic and sedimentary rocks, predomi
nantly ofTriassic age. 

The principal type of the Jurass ic rocks (matrix of 
melange) is variegated claystones ; they are most fre
quently grey, greyish-green, commonly laminated shales, 
but also include red , violetish to beige, noncalcareous to 
slightly calcareous shales. Siliceous shales with indeter
minable radiolarians are widespread also. As a rule, the 
shales contain silty admixture mainly of macroscopically 
visible tiny mica tlakes. Additionally, some argi ll ites and 
sandstones are also present. Less frequent are coarse
grained sandstones to microconglomerates and breccias 
with miscellaneous detritic material. All these rocks were 
formerly considered to belong to the Lower Triass ic. Ac
tually, the Lower Triass ic sediments in the Gemer area 
are sim ilar to the Jurassic ones. 

In the shale complex sout;1 of the 587.2 m elevation 
point, about 200 m W of the uppermost part of the large 
Margecany quarry our team found thin intercalations of 
greenish fine-grained breccias with polymictic composi
tion that excludes the Lower Triassic age (Pl. XVI , 
Fíg. 1 ). They comprise clasts of radiolarites and other 
silicites, various types of limestones and volcanics. 
Among the limestone clasts, shallow and deep-water 
types are present; the fact , that some of them are 
metamorphosed and some are not, is noteworthy. lt 
indicates a pre-Jurassic or Jurass ic metamorphism in this 
area . In some of them, crinoidal ossicles and foraminifers 
are observable. Clasts of albitized rocks are also frequent 
(Pl. XIII , Fig. 4) . 
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The Jurassic age of the shales and breccias is indi
cated by the belemnite rostra (Pl. XV, Fig. 1-4). They 
were found in greenish shales and breccias (diamictites) 
with limestone clasts, occurring at the uppermost part of 
the rocks at Margecany quarry, among the Middle Trias
sic red radiolarites and basalts. Though indeterminable, 
some belemnites were also found in thin sections from the 
rocks of other sites. Besides the belemnite rostra, some 
other fauna is also visible in the thin sections. There are 
frequent crinoidal ossicles and fragments of bivalve shells 
(Pl.XIII, Fig.3); rarely also some juvenile ammonoid tests 
were observed. The breccia itself is mainly composed of 
lithoclasts of grey, rarely reddish limestones and numer
ous clasts of volcanics (mostly with intersertal textures). 
The basinal filamentous and filament-radiolarian microfa
cies are dominant in the limestones (Pl. XIV, Fíg. 1, 3, 4). 
According to Jštvan ( 1984) such limestones are of 
Camian age. Besides the deep-water facies, some shal
low-water ones also occur (pelsparites - Pl.XIII, Fig. 2, 
Pl. XIV, Fig. 2); they probably belong to Middle Triassic. 
Rarely also some clasts of endostratic breccias (Pl.XIII, 
Fig. 1) and some mica schists with gamet (Pl. XV, Fíg. 5) 
were also found in the breccias. The margins of the lime
stone lithoclasts are, generally, replaced by authigenic 
plagioclases. The matrix of the breccia is formed by cal
careous claystone with some detrital quartz grains. 

Another indication of the Jurassic age of the shales is 
provided by the occurrence of radiolarite with poorly pre
served Jurassic radiolarians (Kozur & Mock, 1995) 
forming a thin (4-5 cm) layer in the laminated grey shales 
in the forested ground above the large Margecany quarry. 

The next type of the Jurassic shales are black calcare
ous and non-calcareous claystones observable at Kurtova 
skala Hill (formerly interpreted as Reigraben Shales by 
Gaál, 1984) and at Mačací vrch Hill (448.5 m) S of Jak
lovce. As a rule, they occur together with dark fine
grained sandstones. In an excavation at the railway 
viaduct near Jaklovce, grey to black rocks of lyditic char
acter were uncovered. The surrounding well exposed 
rocks, formerly also regarded as Lower Triassic, are 
phyllite-like slates, sandy shales with detrital muscovite 

Fig.5 Geo/ogica/ scheme oj the area oj Jak/ovce and Veľký 
Folkmár vi/lages (according to Kamenický, 1957, Gaál, 1984 
and Polák et al., 1996 modifled). 
MELIATJCUM: I - matrix oj melange-calcareous shales, brec
cias with ?blocks oj Early Triassic sediments, 2 - gray platy 
limestones with cherts (Carnian-Norian), 3 - siliceous shales, 
limestones and radiolarites (/llyr-Ladinian), 4 - basa/tie rocks, 
vole. breccias (Middle Triassic, 5 - light massive c,ystalline 
Honce limestones (Pelson), 6 - gray and yellow do/omites 
(A nisian), 7 - serpentiniles (?Triassic); 
GEMERICUM: 8 - Črmel group - metabasalts, tuffs with shale 
intercalations (Early Carboniferous), 9 - Krompachy group, 
Knola forma/ion - metacong/omerates (Early Permian), IO -
Krompachy group, Petrova hora forma/ion - rhyolites, dacites, 
vo/canoclaslics (Early Permian), 11 - Dobšiná group, Hámor 
forma/ion - clastic metasediments (Carboniferous). 12 - Rakovec 
group - phyllites metavolcanics (Devonian-Carboniferous) ; 
VEPORICUM: 13 - crystal/ine rocks and sediments oj Čierna 
hora Mts. , 14 - thrust /ines, 15 - Margecany quarry 
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and lenses of pale limestones. The latter may represent 
tectonically deformed olisto liths. Along a path from the 
viaduct toward the local railway station in Jaklovce, a 
meter sized dolomite olistolith crops out. The do lomite 
olistoliths are conspicuous and interesting since they are 
not influenced by a pressure metamorphism. Such phe
nomana are observable at several sites. 

The melange sequence inc ludes clastic sediments of 
the Early Triassic age (identified by fossi ls). Kozur & 
Mock (1995) consider these rocks as blocks in the me
lange. As the area is poorly exposed (outcrops are very 
small and sparse) it is difficult to differentiate rocks ofthe 
Jurassic matrix from the lithologically similar Early Tri
assic clastics. Therefore they are not separated on the 
sketch (Fig.5). 

Important components of the Jurassic sequence are 
olistoliths. The most widespread are pale recrystallized 
shal low-water Anisian Honce limestones and do lomites. 
These limestones form clasts of millimetre size to me
gao listoliths. The largest Meliatic olistoliths are the 
blocks of shallow-water Anisian limestones at Kurtova 
skala Hill and at the 616.4 m elevation point north of 
Jaklovce. Another megaolistolith, represented by pelagic 
cherty limestones with Norian conodonts, occurs south of 
Jaklovce, between Švablica and the 525.1 m elevation 
point (the map of Gaál in Maheľ, 1986, p.138). 

The limestone olistoliths, mainly of smaller size, are 
strongly deformed in the shales; in the past they were er
roneously considered to be primary lenses or layers ofthe 
limestones in the shale formation . However, their o listo
lith character is recognizable only in a few places. Some 
egg-shaped to discoidal olistoliths encompassed in the 
greenish shales are commonly found, for instance, a long 
the upper steps ofthe large Margecany quarry. 

Other Meliatic rocks in the vicinity of Jaklovce are in 
most instances just olistoliths in the Jurassic shales. For 
instance, the basalts, red radiolarites, serpentinites and 
limestones at Švablica Hill are encompassed in shales, 
likely ofthe Jurassic age. A similar situation, with chaoti
cally arranged blocks of varíous Anisian pale marbles 
(Honce lirnestones), Ladinían red radíolarítes, Illyrian 
pe lagic Žarnov límestones and basalts, is observable in 
the large Margecany quarry . In some places, the grey and 
greenish Jurassic shales form layers just several centime
tres thick; in other places, the olistoliths are fully encom
passed in the shales. 

Bodies of basalts alternatíng with sediments are note
worthy. The largest such block is situated at the NE part 
of Jaklovce, at the road going towards Hnilec river. At an 
about 100 m-long outcrop, rocks of several basa lt out
flows separated by thin layers of red sil iceous shales and 
radiolarites are observable (Jaklovce Formation sensu 
Kozur & Mock, 1985, p. 231 ). These deep-water sedi
ments free of CaCO3 contain an ubiquitous admixture of 
very fine detrital muscovíte. Sírnilar basa lts and red deep
water sediments wíth submarine haematite (specularite) 
mineralization occur in the large Margecany quarry (Pl. 
XIV, Fíg. 5, 6, Pl. XVI, Fíg. 3). 

The serpentinite blocks are difficult to rank 
stratígraphically. Their possíble (Middle) Triassic age 
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appear logical, since this tíme represented the períod of 
the highest spreading rate ofthe meliatic oceanic floor. 

D. Meliatic occurrences East of Jaklovce 

In the Geological map ofthe eastern part ofthe Sloven
ské Rudohorie Mts. (Bajaník et al., 1984), a contínuous 
narrow strip of the Lower Triassic is drawn, from Krom
pachy almost to Košice. According to the explanation, they 
are sandy shales, sandstones and limestones of the Lower 
Tríassic, with locally preserved tiny remnants of Middle 
Triassic limestones. According to previous opinions, they 
represent part of the North Gemeric syncline, that is very 
narrow and reduced in its eastem segment. Permian and 
Triassic rocks, according to this opinion, lie directly on the 
Gemericum. There is no doubt that in this zone the Permian 
and Lower Triassic rocks really occur. The Early Triassic 
age was also proved by the presence of foraminifers from 
bedded limestones altemating with calcareous shales east of 
the village Jaklovce (Jštvan, 1984). However, for a long 
tíme it is known that in this narrow belt SE of Jaklovce, 
some diabase and serpentiníte bodies are located 
(Kamenický, 1957), that do not fit ínto the Permian-Lower 
Tríassic rock environment. We have studíed some 
occurences that represent tiny but well exposed Melíatíc 
remnants. Herein, just three ofthern will be mentíoned. 

In Veľký Folkmár village (Fíg. 5), a serpentínite body 
occurs, surrounded by dark shales and fine-graíned sand
stones. It is best seen behínd the house No.45 and along a 
field road going past thís house. According to the present 
knowledge of the Meliaticum, the shales appear to be of 
Jurassic age. An even better example occurs behínd the 
house No.41, where a dark shale complex outcrops. It 
encompasses a big block (olistolíth) of pale lamínated, 
likely shallow-water Anisian límestone. In other parts of 
the outcrop, numerous lenses of grey limestones occur 
that probably represent slíghtly tectonízed olistolíths. An 
olístolíth of yellowish dolomíte was, however, not af
fected by any deformation and possess íts orígínal isomet
ric shape. Despite of the lack of paleontological proves 
there ís no questíon about the Jurassic age of the olis
tostrome. 

Good outcrops of the Lower Tríassíc clastics and 
bedded limestones also occur at varíous places in Veľký 
Folkmár. They are, however, overlain by rauhwackes 
and pale recrystallízed límestones macroscopically 
ídentical with Anisían límestones for example at Kur
tova skala Hill. 

Another occurrence of the Meliatic Unit is situated 
north of the road between Veľký Folkmár and Košice, 
near the 539 m elevation point. lt ís a small hill formed by 
black aphanitíc basalts, belonging to one of the main Me
liatic components. Some xenoliths of crystalline lime
stones indicate that the basalts had flowed to the 
limestone environment (Pl. XVI, Fig. 2). Other rocks, 
present only in debris, are greenísh non-calcareous shales, 
greenísh and light grey sandy shales, various types of 
sandstones and greywackes. AII these rocks have a fine 
detrítal muscovitic admixture. Also in this case, the Juras
sic age ofthe rocks cannot be excluded. 
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The third Meliatic occurrence in this area is one of the 
most instructive outcrops ofthe Western Carpathians. It is 
a small abandoned quarry above the road between Veľký 
Folk.már and Košice, about 2 km west of Košické Hámre, 
below the 514 .6 elevation point. 

In the quarry wall, there is an olistostrome formation of 
undoubted Jurassic age. The matrix rock is greenish shales, 
comprising various rock components of different size and 
age. The whole complex is intensively deformed, even into 
very thin Ienses. The parts consisting of numerous lime
stone olistoliths of similar size resemble metamorphosed 
nodular limestone. There are also larger blocks of pale 
wax-like shallow-marine limestones (originally Steinalm 
Limestone), various types of cherty and red limestones, 
containing extremely deformed and indetenninable cono
donts, that indicate, however, their Triassic age. Further
more, there are olistoliths of red radiolarites (likely of 
Ladinian age) and conspicuous undefonned dolomite clasts. 
Much of the quarry exposes greyish to black basalts over
lying the sediments. They may also be a big olistolith body. 
The surrounding country is, however, mostly covered, fur
ther details are not observable. 

The linear arrangement of the newly discovered Me
liatic occurrences, as well as their intensive ductile de
forrnation , suggest that they represent a tectonic line, 
along which the Meliatic components were uplifted and 
incorporated into the surrounding Permian and Lower 
Triassic rocks. This zone deserves a special structura l
geo logical investigation. 

Some Meliatic occurrences were also reported west 
and north of Kurtova skala Hill; they were, however, not 
studied by us. 

E. Basic volcanic rocks of a wider surrounding of 
Jaklovce 

1. Previous investigations 

In vicinity of the Jaklovce village, numerous small 
bodies of basic and ultrabas ic rocks occur. Field observa
tions (e.g. in the upper part of a large quarry between 
Margecany and Jaklovce) confirmed, apart from older 
opinions (e.g. Kamenický, 1957), that they do not form 
continuous bodies but blocks tectonically involved into 
Jurassic shaly melange. No pattem was discemed in their 
spatial. distribution, stratigraphy and thickness. 

The fundamental petrological investigation of these 
basic rocks was carried out by Kamenický ( 1957) and 
later by Hovorka & Spišiak ( 1988). New views on the 
problematics of the studied area and new possibilities of 
geochemical interpretations, however, require a new 
treatment or at least a revision of the observations known 
so far. The basic rocks were affected by an oceanic floor 
metamorphism (chiefly spilitization in this case) and are 
strongly fractured and weathered which makes the geo
chemical and detail petrological sampling difficult. 

2. Localities 

In the wider surroundings of Jaklovce basic rocks occur 
in three areas. In some instances it is not clear whether they 

represent separated or continuous bodies. Taking into 
account this fact, the samples can be attributed 
(approximately) to the following larger bodies (from N): 

a/. Near Kurtova skala hill and the large Margecany 
quarry. 

b/. Near Švablica and the local manor-house. 
cl. Between the Veľký Folk.már and Košické Hámre 

villages. 
a/. Two bodies of basic rocks are situated on the SE 

slope of the Kurtova skala and around the Gottestal Val
ley; one body is in the higher parts of a small quarry in 
the Gottestal Valley, close to (SW ot) the railway station, 
at the railway cut to the lime factory and on the slope 
above it and with some exposures al so in the higher parts 
of the large quarry, which is probably an independent 
body. 

b/. Another outcrop is in the village, roughly SE ofthe 
railway viaduct. On a fiat hill Iocally called Švablica, W 
of the road to Fo lk.már, just one Iarge body was found . 
The second body was mapped by Gaál ( 1984) as basalt 
but later it was seen to be a serpentinite body. 

c/. The third cluster of outcrops lies along the road to 
Veľký Folk.már and further to Košické Hámre. Several 
bodies of basic rocks occur here, Veršek, Harbky, Dubov 
Harbek (Kamenický, 1957), but only two of them were 
verified by us. These are on the NE s lope ofthe 539.0 m 
elevation point and close to it, in a small abandoned 
quarry above the road. 

The literature on such occurences is difficult to work 
with in past because· of inadequate location data and in 
part because local names changed. 

3. Petrology of the basites 

The basic rocks of the Jaklovce area represent a 
petrologicaly relatively homogenous group, with pre
dominance of fine-grained types, ranging from hyaline -
arborescent - intersertal - ophitic, to doleritic basalts . AII 
of them are more or Iess spilitized, resulting mainly in the 
forrnation of albite, chlorite, epidote and leucoxenized 
Ti-minerals, at the expense of original magmatic parage
nesis: basic plagioclase, volcanic glass, clinopyroxene, 
ilmenite and magnetite . The degree of the alteration is, of 
course, related also to the rock texture. The finer-grained 
the rock is, the more it is inclined to be altered. Hence in 
the coarser-grained rocks numerous relics of clinopyrox
enes, important for genetic interpretation, are preserved. 
Therefore, the "classification" of the basalts based on the 
structural types is the most convenient. Such division ap
peared follows Kamenický (l.c .); herein, his findings wi ll 
be adopted and augmented with some new data. Geo
chem ical investigations substantiate that this approach 
was correct. 

a.) Medium to fine-grained metabasalts with 
ophitic to intersertal texture represent the most wide
spread group. They occur at the Švablica Hill , in the 
ra ilway cut, in the higher parts of the large quarry and 
also in the old quarry at Košické Hámre. Macro
scopically, they are dark grey to greenish. At present 
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they comprise an assoc1at1on of acicular to prismatic 
plagioclase of An32_38 (andesine) compos1t1on 
(approximately andesine), epidote, chlorite, clinozoisite 
and brownish cloudy product (probably leucoxene) after 
ilmenite. Other secondary minerals are calcite , limon ite 
and pyrite. Intergranular spaces among the plagioclase 
needles are filled (in more fresh ophitic types) with relic 
clinopyroxene, compositionally c lose to the diopsidic 
augite. In finer-grained types, the vitreous mass altered 
into chlorite and epidote aggregates is present. Magne
tite represents also a widespread accesoric component. 
This type is characteristic for the doleritic, ophitic and 
intersertal metabasalts. 

b.) Diabase porphyries with porphyric texture have 
been described from two presently lost sites Dubov Har
bek and Harbky at the Veľký Folkmár village Kamenický 
(l.c.). The samples from the railway cut in Jaklovce also 
belonged to th is type. A difference with respect to the 
previous type is in the rare presence of the plagioclase 
phenocrysts (also with an An32_38 composition). They 
form subhedral, frequently twinned plates. Phenocrysts 
can occur in the texture in several varieties - intersertal , 
microdiabase, spilitic and blastoophitic texture. 

c.) Fine-grained basalts with arborescent textures 
described Kamenický (l.c.) namely from the aforemen
tioned "lost" localities of Harbky and Dubov Harbek. 
According to his original description , the rocks were 
formed of fan-like aggregates of thin, tiny needles of 
plagioclase, uralitized pyroxene and a vitreous mass in 
their intergranular spaces, with abundant chlorite 
(penninite) and lesser amount of titanite and epidote
zoisite minerals . 

d.) Aphanitic basalts were described by Kamenický 
(l.c.) from another "lost" occurrence, Veršek at Veľký 
Folkmár. From our samples, some components of the 
volcanic breccias from a little quarry in the Trnkový 
potok valley near Košické Hámre can be assigned to 
this type . Macroscopically they are massive dark green 
rocks with hyaline and/or arborescent texture. About 60-
70% of the rock consists of volcanic glass, that may be 
changed into fine-grained aggregates of chlorite. Clino
pyroxene relics are rare and altered to chlorite-epidote 
aggregates. The plagioclases form irregularly dispersed 
tiny needles of the oligoclase-andesinic composition . 
Generally, the rocks are penetrated by a dense network 
of veinlets filled by albitic plagioclase, calcite and in 
places by actinolite. 

e.) Massive hyalodiabases with hya line texture are 
known again from the localities of Veršek, Harbky and 
Dubov Harbek (Kamenický, l.c.). Some components of 
the volcanic breccias are attributed to this type. These 
rocks are composed almost exclusively of vo lcanic glass 
(80-95%). Some tiny plagioclase needles are dispersed in 
this mass. Further primary components of the basites are 
fine pigment of the dispersed ilmenite and magnetite 
grains . The dense veinlet network is filled by epidote, 
chlorite and calcite. 

f.) Plagioclasi tes with in tersertal structure were 
not present in our samples. Kamenický (l.c.) mentioned 
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them from the localities of Harbky and Dubov Harbek. 
He distinguished them by their higher percentage of 
plagioclases (up to 80%) with respect to the previous 
types. The plagioclase of these rocks is fine prismatic 
and tabular; the rest of the rock consists of volcanic 
glass and the products of its alteration (rarely also tiny 
clinopyroxene crystals) to chlorite-epidote aggregates . 

Two other types can be added to the classical division 
of Kamenický (l.c.): 

g.) Coarse-grained metabasalt (" plagioclasite") 
with ophitic structure was found in one sample from the 
abandoned quarry near Košické Hámre. lt differs from the 
other ophitic basalts by its high content of massive pla
gioclase crystals (up to 80%); from the type fit differs 
only structurally. Clinopyroxene remnants are rare; the 
clinopyroxene crystals usually are altered to chlorite. 
Actino lite needles in xenomorphic chlorite grains, are a 
peculiarity. 

h.) Volcanic breccia was found on the SE ridge ofthe 
539.0 m elevation point between Košické Hámre and 
Veľký Folkmár and at the small abandoned quarry near 
Košické Hámre. The rock structure is brecciated, with 
matrix composed of volcanic glass, in places with rela
tively coarse-grained epidote aggregates. lrregularly dis
persed basitic clasts of various grain-size are present, 
dominated by the fine-grained, hyaline, arborescent or 
intersertal types. The matrix and the clasts are pervasively 
spi litized; they represent a mixture of chlorite, brownish 
(likely titanium) pigment and calcite. The indivídua! 
components, unfortunately, were not sufficient for geo
chemical sampling. 

The named types represent various members of one 
volcanic series. A possible spatial shortening among the 
different basalt types results apparently from the 
tectonic reworking of the melange. The localities at 
Košické Hámre, Veľký Folkmár (and at the "lost" 
localities Veršek, Harbky and Dubov Harbek) are 
dominated by the vitreous and breccious types, whereas 
the Švablica and Jaklovce localities (at various places -
in the large quarry and in the vicinity of Kurtova skala 
Hill) are characterized by a predominance of the 
intersertal and ophitic types . Note , that the lower 
oceanic crust, i.e. the major part of the ophiolite 
sequence (gabbros, cumulate complex etc.), is missing. 
The serpentinites in this area are evidently tectonically 
introduced into the melange structure, without genetic 
connection to the basalts . 

The basaltic rocks from the Jaklovce area are 
considered to be the products of submarine volcanism 
with a dominant lava character. Although the pillow
lava structures have not been found , some parts of 
former lava flows can be determined. The vitreous rocks 
and volcanic breccias are the flow margins, the grain
size coarsens towards the center of the flow and changes 
through the arborescent and intersertal types to the 
ophitic types . The doleritic types indicate an origin of 
increased depths or in the center of the Java flow; some 
of them might even have come from a feeder dyke 
complex. 
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4. Mineralogy and geochemistry 

Several methods have been used for deciphering the 
genetic relationship ofthe Jaklovce metabasalts, including 
microprobe analyses of the relic clinopyroxenes, silicate 
analyses and rare element analyses (detailed geochemical 
characteristics are being prepared). 

Major element distribution and rare elements indicate 
association of the metabasalts to the oceanic tholeiites, in 
some cases with slight alkaline trend, that reflect ocean
floor alteration processes. 

Based on the minor element distributions, the basalts 
are most simi lar to N-MORB (normal mid- ocean ridge 
basalts) with tendency to CAB (calc-alkaline basalts), 
which is characteristic for back-are basin (Fíg. 6). 

The chondrite normalized patterns of REE show 
two groups: differentiated and non-differentiated types 
(Fíg. 7) 

Hf/3 

Th 

A.N-MORB 
B. E-MORB and WPB 
C, Nkallne WPB 
D.CAB 
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Fíg. 6 Hf/3-Th-Ta díscrímínation diagram of the Jaklovce 
metabasalls (after Wood, 1980) 
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Fíg. 7 Chondrite norma/ized pallerns of REEfor the Jak/ovce melabasalts (norma/ization after Evensen & al., 1978). 

F. Heavy mineral analysis of the Meliatic sediments 
from the Meliata and Jaklovce areas 

Ten positive samples (containing enough sandy ad
mixture) were analyzed from the Meliatic siliciclastic 
rocks (Tab. 3, Fig. 5, 6). They come not only from the 
Meliata area but also from the large quarry near Marge
cany and from the Florianikogel, the first Meliatic locality 
discovered in Au stria (Mandl & Ondrej ičková, 1992). 

The locations ofthe sample sites are as follows: 
Margecany - large quarry - samp le represents a sand

stone of uncertain stratigraph ic position, found in the 

area of the Meliatic occurrences between Jaklovce and 
Margecany. 

Meliata - above the southern end ofthe type profile -
two samples of sandstones were taken from the slope 
debris . 

Meliata - quartzites N of the type profile - two sam
ples were taken from the quartzite blocks, cropping out on 
the slope upstream, behind the river curve. The quartzites 
are of uncertain stratigraphic and tectonic position . 

Meliata - house No.72 - two samples were taken from 
the green siltstones and silty claystones in the outcrop 
behind the stable at this house. 
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Tab. 3 Percentua/ ratios of the translucent heavy mineralsfrom the Meliata Unit. 

Gr Zr Ru Tu Ap Am Ti St Bar Sp Di 

Margecany - large quarry I 23 II 52 12 o o o o o o 
Meliata-end ofthe profile 1 1 35 9 42 1 o 1 o 10 o o 
Meliata- quartzites behind the type profile 1 1 26 3 64 6 o o o o o o 
Meliata- quartzites behind the type profile 2 o 43 10 24 4 4 1 o 13 o o 
Meliata-end ofthe profile 2 9 39 13 38 o o o * * o o 

Gr Zr Ru Tu Ap Am Ti St Bar Sp Di 

Meliata-house n.72/2 31 2 1 1 IO 4 o o 40 10 o 
Meliata-house n. 72/1 46 1 o o 9 1 o o 42 1 o 
Meliata-! 00rn above the protestant church. 29 1 I ** 8 1 1 o 57 o 1 

Meliata - at the protestant church 43 3 3 o IO o o o 40 o o 
Florianikogel 27 10 5 6 28 2 o o 22 o o 

Explanations: Gr - garnet, Zr - zircon, Ru - rutile, Tu - tourmaline, Am - amphibole, Ap - apatite, Ti - titanite, St - staurolite, 
Cr - chromíum spinel s, Ba - baryte, + - content /ess than 1 % 

Meliata - the protestant church - two greenish siltstone 
samples were taken from the temporary pipeline excava
tions around the church . 

Florianikogel, Austria - a sandstone sample was taken 
from the first Meliatic locality discovered in the eastem 
Alps. 

Possibilities of comparison of the Meliatic samples 
with other units are restricted since most of the samples 
lacks precise stratigraphic position . Four analysed sam
ples from the siltstone layers in greenish claystones were 
dated as Middle to Late Jurassic. 

The data obtained by counting of the translucent 
heavy mineral grains are grouped by their composition 
into two different groups. The first group includes the 
sandstone and quartzite samples of uncertain stratigraphic 
posi tion within the Meliatic Unit. The uncertainity was 
caused by the complex geological structure resulting from 
subduction and collision tectonics that generally makes it 
difficult to distinguish between norma! beds and olisto
liths of tectonicly involved blocks. This group is charac
terized by the presence of the assemblage of tourmaline, 
zircon and rutile, which is the most resi stant group of 
heavy minerals. It indicates that either its source was 
some older si liciclastic rocks, or it originated after depo
sition by an intrastratal disso lution of less stable minerals. 
Such an assemblage is typical for the Jurass ic sediments 
al l around the Centra! and lnner Western Carpathians. 
The second group is represented by the siltstone samples, 
coming from the greenish non-calcareous claystones and 
by the sandstone sample from Florianikogel locality. This 
group contains mainly garnet and abundant apatite, baryte 
(likely authigenic), sparse chromium-spinel grains are 
al so present . In the Jurassic of the Western Carpathians, 
the higher concentrations of detrital garnet are typical 
only for the Outer Carpathians (P ieniny Klippen 
Belt, Flysch Belt) and foreland units (autochthonous 
Jurassic sediments covering the slopes of the Bohemian 
Mass if) . However, a comparison of these units with the 
Meliata Unit only on the basis of heavy minerals 
remains premature. 

G. Conclusions 

The melange of the two studied areas of the Meliata 
un its are mutually si milar, yet in some details they differ. 
In the Meliata village area, the Meliata Unit contains 
blocks (olisto liths) of limestones, radiolari tes, volcanics 
and clastics. These were transported to the deep-water 
environment by turbidity currents. The olistoliths are 
stratigraphically variable; in the published papers of 
Kozur & Mock ( 1980), Straka ( 1986), Kozur ( 1991 ), 
Kozur et al. ( 1996) there is a !ot of age data of limestones, 
cherty limestones and radiolarites from the Meliata tec
tonic half-window. From these data augrnented by our 
new information it can be stressed that the breccias at this 
area contain blocks of Lower to Middle Triassic lime
stones, Ladinian siliceous limestones and radiolarites, 
o listostrome blocks with Carnian and Norian limestone 
lithoclasts, blocks of likely Lower Jurass ic limestones and 
Middle Bathonian to Lower Oxfordian rad iolarite olisto
liths (in places occurring as continuous layers). The latter 
form the morphologica lly conspicuous elevations of 
Hámor (335m) and Guba (322m) hill s. Additionally, 
some olistoliths of basic volcanics, blocks of paleorhy
olite and arkosic sandstone are sparsely present at the 
Meliata village. The latter two blocks are presumably of 
Paleozoic age. 

The olistoliths of Mesozoic rocks represent various 
stages of the Meliatic evolu ion . The dark-grey Lower 
Triassic, light-grey (predorninantly intensively metamor
phosed) Lower Anisian shallow-water Honce Limestone, 
paleorhyo lite and arkosic sandstone document the pre-rift 
stage. The start of riftogenesis is characterized by basinal 
red Žarnov Limestone with radiolarians, fi laments and 
conodonts. These cover the Lower Anisian lirnestones, 
frequently forming fissure ti llings in fractured bottom. 
The sedimentation of pelagic limestones, radiolarites and 
cherty limestones continued during Ladinian and Late 
Triass ic, also. According to Kozur ( 1991) and our own 
observations a change in the sedimentation character took 
place during the Late Triass ic . At that tíme the sedimen-
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tation of allodapic limestones and limestone breccias be
gan. During the Early Jurassic, clayey calcareous shales 
with limestone layers and lithoclasts became dominant. 
The Middle Jurassic period was characterized by the start 
of matrix supported breccias (olistostromes) as a result of 
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continental margin tectonics . The process of olistostrome 
formation finished in the Early Oxfordian (or later), since 

the youngest known radiolarian assemblage from radio
larite (layer 103, Fíg. 4) is of Late Callovian-Early Oxfor
dian age (Kozur et al., 1996). The melange matrix is 
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represented by c lastic deve lopment - clayey shales, silt
stones, sandstones and rare brecc ias. On the left bank of 
Muráň river (Fig. 4) there is the grey radiolarite layer and 
laminae of presumably chloritized tuffites. According to 
Kozur ( 1991) the volcanic activity finished in the Early 
Cordevolian. The entire rock sequence was then an
chimetamorphosed. 

Microscopic analysis of the sandstones and breccias 
provided some information on the source of clastics. 
These psammites and psephites consist mainly of sedi
mentary rocks (predominantly limestones) and volcanic 
rocks. The limestone lithoclasts occur either as light-grey 
marbles or as pale non-metamorphosed shallow-water, 
most likely Triassic limestones. Similarly, the marbles 
and weakly metamorphosed limestones with the preserved 
original structures and microfossils also occur among 
carbonate olistoliths in the melange. A difference also is 
evident between the metamorphism ofthe Jurassic matrix 
and marbles. According to illite crystallinity (Šucha, pers. 
comm.), the Jurassic shales are just weakly anchimeta
morphosed, whereas the conodonts from the marbles were 
strongly deformed and corroded (CAI 6). This indicates 
that the source area includes both, metamorphosed and 
unmetamorphosed limestone terranes, some even of the 
same age. 

The lithoclasts of vo lcanics (basalts) represent pre
dominantly fragments of submarine lava tlows (glass to 
"doleritic" textures). 

The melange in the Jaklovce area consists of litho
logically, stratigraphically and dimensionally variable 
blocks. The pre-rift stage is also represented by Honce 
Limestone (its age was, however, not yet proven in this 
area), paleorhyolites and local ly probably also by Lower 
Triassic clastics. The weakly metamorphosed Honce 
Limestone is overlain by reddish-grey to red Žarnov 
Limestone. According to Nižňanský (1982) and lštvan 
(1984), it is of Pelsonian-l llyrian? age. As in the Meliata 
area, they commonly form fissure fillings related to the 
synrift stage ofthe Meliatic evolution. 

NE of Veľký Folkmár village (Fíg. 5) there is a mega
block displaying a contact between weakly metamor
phosed limestone (presumably Honce Limestone) with so 
called Jaklovce paleobasalts of the Švablica Formation. 
This indicates that before, or synchronously with, the 
sedimentation of the Žarnov Limestone, volcanic activity 
occurred locally within the newly formed rift structure. 

The red limestones are overlain by a rock sequence 
referred to by Gaál ( 1984) as the diabase-shale-silicite 
complex . lts inferred age is lllyrian to Ladinian . In this 
complex, the deep-water siliceous shales with radiolarite 
layers are dominant. Their colour is chietly greyish-red to 
red . Some irregular metabasalt bodies occur in the shales 
also. According to the minor element distribution, they 
are similar to marginal and back-are basin basalts. 

As in the Meliata area, carbonate sedimentation of 
conodont-bearing grey cherty limestones (now pre
served as blocks) occurred in the Late Triassic 
(Cordevolian-Julian-?Norian). Unlike the Meliata area, 
no olistoliths of Jurassic sediments (radiolarites) were 
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found in the Jaklovce area. This northern area of 
Meliatic Unit is typical by serpentinite olistolith occur
rences, namely at Švablica hill. Blocks of paleorhyolites 
and keratophyres are scarce. 

Unlike at Meliata, the matrix of the melange in this 
"Folkmar Suture Zone" (Kozur & Mock, 1995) is chietly 
formed by grey to greyish-green calcareous claystones; 
siltstones and sandstones are less frequent. In the Jurassic 
sedimentary complex, breccias, dominated by lithoclasts 
of Triassic basinal to shallow-water limestones, occur 
rarely . Locally also belemnite rostra fragments are found 
in the breccias, directly indicating their Jurassic age. 
Kozur & Mock ( 1995) determined the Middle Jurassic 
(likely Bathonian) radiolarians in silicite intercalations in 
the turbiditic clastics NE of Jaklovce. The Lower Triassic 
sediments, locally determined by microfossils, are 
lithologically similar to the Jurassic clastics. Therefore, it 
is often difficult to discern them and to determine their 
mutual relationship, which is also frequently complicated 
by extensive Quatemary sedimentary cover. Kozur & 
Mock (l.c.) consider the Lower Triassic detritic sediments 
as blocks in the melange. 

The sedimentation of the thick Jurassic shaly forma
tion with the olistostrome bodies indicates an environ
ment of a subduction trench. Recently, such sediments 
resembling an accretionary zone sequences that were 
studied by some of us in 1990 on the Chukotka Pacific 
coast. The deep-sea shales and radiolarites of the Meliatic 
Jurassic resemble the Chukotka sediments named by local 
geologists as "shukha". In the Meliaticum, however, only 
a few relics of an accretionary prism are preserved, 
which, moreover, are affected by several orogenic defor
mation events. Some young lateral movement along this 
suture, the location of which is still uncertain and dis
puted, surely played an important role. 
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Fig. 1 Upper Jurassic claystone with irregu larly developed laminae of quartz sand. Melange between the Muráň river and Hámor hill 
(NW ofMeliata). Thin section No.22 107, magn.27x . 

Fíg. 2 Paleorhyolite - block in the melange NW of Meliata (see text fig .3). lt contains magmatically corroded quartz, K-feldspars and 
devitrified glass. Thin section No.22 105, magn .8 .5x. 

Fig. 3 Middle Jurassic radiolarite from Hámor hill (megaolisto lith ). Thin section No.22 092, magn.45x. 

Fíg. 4 Cataclasis of a radiolarite lithoclast from the complex of Upper Jurassic c lastics at the northern margin of the Meliata village. 

Thin section No.21 028, magn.27x. 
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Plate II 
Detrital layers from the Meliata Unit type profile (scale= l cm). 
Fig. l Cross-sectíon of polymíctic breccia bed (one of the rare layers in the Míddle Jurassíc shalcs), representing a graded-bedded 

turbídíte deposíted from hígh-density turbídíty current. It contaíns abundant ríp-up clasts ofthe underlyíng clayey shales. 
Fíg.2 Cross-sectíon of a lamínated channel fillíng in the Míddle Jurassíc claystones. The vísíble grade-bedded lamínae (deposít of 

tractíon carpet) are overlain by a psephitic layer. Sample of debrís. 
Fíg.3 Polymictíc breccía (graín flow deposit?) from the Middle Jurassic shale complex. The breccia comprises mainly of clasts of 

spilitized volcanics, límestones, pale marbles and albitized sedimentary rocks. 
Fíg.4 Two layers of coarse-grained sandstones to fine-grained breccias in the Middle Jurassíc claystones. The líghter part ofthe shale 

between the sandstone layers was seismicly disturbed and slided along a newly formed plane, oblique to the bedding. 

Plate III 
Detrital material from the breccías and sandstones from the Meliata Unit type profile (see Pl. II). 
Fig. l Recrystallized calcite ooid, as a clast, in the sedimentary breccia. Thín section No.20 658, magn.46x. 
Fig.2 Tríassic (?) foramínífer in a biosparítíc (grainstone) líthoclast from a polymictic breccia. Thin sectíon No.20 660, magn .80x. 
Fig.3 Cross-section of a bivalve shell represents one of the rare bioclasts in the breccia. The thin lithoclast ís a claystone ríp-up clast 

from the underlyíng bed. Thin section No.20 654, magn.46x. 
Fig.4 Corroded and bored echinoderm ossicle, as a clast in the breccia. Thin sectíon No.20 662, magn .30x. 
Fig.5 Oncoid, as a clastíc grain in the breccia. Thin section No.20 659, magn.40x. 
Fig.6 Oosparite-grainstone ofTriassic or Early Jurassic age, as a lithoclast in the breccia. Thin section o.20 654, magn.46x. 
Fig.7 Pelsparite-grainstone, as a lithoclast in the breccia. Thin section No.20 662, magn .46x. 
Fig.8 Pelmicrosparite with Aeo/isaccus sp. - Triassic lithoclast in the breccia. Thin section o.20 659, magn.46x. 

Plate IV 
Detrital material from the breccias and sandstones from the Meliata Unit type profile (see Pl. II). 
Fig.1 Lithoclast ofnon-recrystallized volcanic glass wíth amigdales. The glass contains opaque pigment; the amigdales are filled with 

calcíte and chlorite. Plaín light, thín section No.20 654, magn .27x. 
Fig.2 Líthoclast ofvolcaníc glass with deformed amigdales filled by calcite. Parallel polars, thín sectíon o.20 654, magn.46x . 
Fig.3 Lithoclast of recrystallized volcaníc glass with pseudomorph of albíte after a magmatic plagíoclase. Crossed pol ars, thín section 

No.20 953, magn.46x. 
Fig.4 Lithoclast of recrystallized volcanic glass with signs of an intersertal texture. The phenocrysts form thin laths of plagioclase. 

Crossed polars, thin section No.20 656, magn.30x. 

Plate V 
Clasts of basic volcanics in the detrital layers (see Pl. II) 
Fig.1 Líthoclast of vítreous basalt with acicular crystals of plagioclase and opaque pigment. The amigdales are filled with chlorite. 

Crossed polars, thin section No.20 656, magn.27x. 
Fig.2 Basaltíc lithoclast with intersertal texture comprising the needle plagíoclasc crystals, glass and opaque pigment. Crossed polars, 

thin section No.20 657, magn .27x. 
Fig.3 Lithoclast of basalt with ophitic texture, with plagioclase phenocrysts and partially also opaque pigment. Crossed polars, thín 

sectíon No.20 654, magn.30x. 
Fig.4 Coarse-grained basalt (dolerite?) as a lithoclast ofthe sedimentary breccia. Crossed polars, thin section No.20 654, magn.46x. 

Plate Vl 
Detrital material from the breccias and sandstones from the Meliata Unit type profile (see Pl. II ). 
Fig. l Lithoclast of mierite with calcitic pseudomorphs after gypsum crystals (probably Triassíc) in the polymíctíc breccia. Thín sec-

tíon No.20 953 , magn.30x. 
Fíg.2 Radiolaríte líthoclast (Tríassíc?) in the breccia. Thín sectíon No.20 955, magn.30x. 
Fíg.3 Metamorphosed limestone as a líthoclast in the breccía. Crossed polars, thin section No.20 657, magn.30x. 
Fig.4 Lithoclasts of metamorphosed limestone and claystone (the rip-up clast) in the breccia. Thin section No.20 656, magn.95x . 

Plate VII 
Fig. l Keratophyre as a líthoclast in the sedimentary breccia. The feldspar crystals are oval shaped with signs of spheroidal texture. 

The matrix among the graíns is carbonate and albíte (from the detrital layers as the previous plates). Thin section No.20 958, 
magn .95x. 

Fig.2 Jurassic spotted bioturbated claystone with some quartz and chlorite grains. Outcrop al the left bank of the Muráň ri ver (text 
fig. 4). Thin section o.20 524, magn .30x. 

Fig.3 Pressure deformed carbonate breccia (probably Jurassic). The lithoclasts are the Carnian metamorphosed limestones. Locality -
as for Fíg. 2. 

Fig.4 Middle Jurassic laminated clayey shale. The laminae formed by Fe-chlorite represent probably a chloritized tuffitíc material 
related to synchronous volcanísm. Locality - as for Fíg. 2. 

Plate VIII 
Fig. l lntrasparite - a block in the melange NW from Meliata. The foraminifers (outsíde the figure) indicate íts Pelsonían age. Thin 

sectíon No.23 1 O 1, magn .32x. 
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Fig.2 Hoyanella sp. (left) and Cornuspira sp. (right), from a bloc k of Lower Triassic metamorphosed I imestone. Locality - near the 
NE margin of Meliata (text fig.3). Thin section No.24 722, magn .62.Sx. 

Fig.3 Filaments and poorly preserved calcified radiolarians in a reddish-grey Pelsonian Žarnov Limestone (the age indicated by 
conodonts). Left bank ofthe Muráň river-(texl tig.4). Thin section No.20 793 , magn.19x. 

Fig.4 Lithoclast of biomicrite with filamentous microfacies (probably Camian) in the Jurassic shales. Left side of the Muráň ri ver 
valley, at the Meliata míli. Thin section No.21 050, magn.32x. 

Fíg.S Lamina of detrital limestone with ostracod tests in a clayey limestone block (probably Lower Jurassic). Close to the NE margin 
of Meliata. Thin section No.21 060, magn.27x . 

Fig.6 Resedimented radiolarians as a detritus in a Jurassic siltstone. Northern margin of the Meliata village. Thin section No.21 617, 
magn.86x. 

Plate IX 
Radiolarians from the sample M-7 (Meliata) 
Fig. l Stylocapsa ob/ongula KOCH ER - 0535, magn.500x 
Fig.2 Dictyomitrella(?) kamoensis MIZUTANI et Kmo - 0537, magn.350x 
Fig.3 Parvicingula dhimenaensís s. l. 8AUMGARTNER - 0551 , magn.300x 
Fíg.4 Tricolocapsa conexa MATSUOKA - 0548, magn .380x 
Fig.5 Unuma sp .A sensu BAUMG. et al. , 1995 - 0557, magn.400x 
Fig.6 Stichocapsa robusta Matsuoka - 0536, magn .280x 
Fig.7 Archaeodictyomitra exigua Blome - 0555, magn.500x 
Fig.8 Transhsuum maxwefli gr. (PESSAGNO) - 0547, magn.300x 
Fig.9 Zhamoidellum sp. - 0549, magn.390x 
Fig. 1 O Stichocapsa convexa Yao - 0530, magn .31 Ox 
Fig. 11 Williriedellum sp. - 0532, magn.350x 
Fig. 12 Eucyrtidielfum semifactum Nagai el Mizutani - 0526, magn .550x 
Fig.13 Archaeodictyomitra primigena Pessagno et Whalen - 0554, magn.600x 

Plate X 
Radiolarians from the samples M-3, M-3/3 (Meliata) 
Fig. 1 Stichocapsa robusta Matsuoka - 3,3995, magn.300x 
Fig.2 Dictyomitrella(?) kamoensis Mizutani et Kido-3/3,2788, magn .300x 
Fig.3 Parvicingula dhimenaensis s.l. Baumgartner - 3/3, 2796, magn .300x 
Fig.4 Tricolocapsa conexa Matsuoka - 3/3, 2799, magn.400x 
Fíg.S Transhsuum maxwelli gr.(Pessagno) - 3/3, 281 O, magn.300x 
Fíg.6 Transhsuum cf. brevicostatum (Ožvoldová) - 3/3, 2797, magn.300x 
Fig.7 Tricolocapsa cf.plicarum Yao - 3, 4047, magn.380x 
Fíg.8 Stichocapsa convexa Yao - 3/3, 2798, magn.400x 
Fig.9 Stylocapsa ob/ongula Kocher - 3, 4036, magn .600x 
Fíg. IO Williriedellum sp.A sensu Matsuoka,1983 - 3, 4046, magn.450x 
Fig.1 1 Obesacapsula morroensis Pcssagno - 3/3, 2805, magn. l 75x 
Fig.12 Archaeodictyomitra sp. - 3, 4037, magn.550x 
Fig. 13 Theocapsomma cf.cordis Kocher - 3, 4049, magn.500x 

Plate XI 
Radiolarians from the sample M-1038 (Meliata) 
Fig. l Cinguloturris carpatíca Dumitrica - O 183, magn .280x 
Fig.2 Eucyrtidiellum ptyctum Ríedel et Sanfllippo - O 185, magn .420x 
Fig.3 Stichocapsa robusta Matsuoka - 0215, magn.330x 
Fig.4 Ristola altissima major Baumgartner et De Wever - 1038, 0219, magn. l 75x 
Fíg.S Trícolocapsa conexa Matsuoka - 0233 , magn.390x 
Fig.6 Theocapsomma cordís Kocher - 02ľ5 , magn.500x 
Fig.7 Stylocapsa obiongula Kocher - 0240, magn.SOOx 
Fig.8 Stichocapsa convexa Yao - 0215, magn.300x 
Fig.9 Archaeodíctyomitra rigida Pessagno - 0179, magn .350x 
Fig. l O Transhsuum brevicostatum (Ožvoldová) - 0218, magn.300x 
Fig. 11 Archaeospongoprunum imlayi Pessagno - O 190, magn.240x 
Fig. 12 Semihsuum sourdoughense Pessagno,Blome el Hull - 0214, magn.330x 
Fig.13 Parahsuum? sp. - O 180, magn.420x 
Fig.14 Podobursa sp. - O 181 , magn.225x 

Plate XII 
Radiolarians from the sample G-6 (Guba) 
Fig. l Eucyrtidiellum ptyctum Riedel ct Sanfi lippo - 2041 , magn.400x 
Fig.2 Eucyrtidiellum semifactum Nagai et Mizutani - 2700, magn .520x 
Fíg.3 Parvicing ula dhimenaensis ssp.A sensu Baumgartner et al. 1995 - 2687, magn .390x 
Fig.4 Spongocapsufa palmerae Pessagno - 2688, magn .290x 
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Fíg.S Unuma sp.A sensu Baumgartner el al. 1995 - 2683, magn.390x 
Fig.6 Tricolocapsa conexa Matsuoka - 204 7, magn.41 0x 
Fig.7 Acanthocircus suboblongus s.l. Yao - 2684, magn .300x 
Fig.8 Unuma latusicostalus (Aita) - 2686, magn.400x 
Fíg. 9 Stichocapsa sp. E sensu Baumgartner et al.1995 - 2689, magn.320x 
Fig. l O Acanthocircus sp.- 2039, magn.300x 
Fig. 11 Eucyrtidiel/um unumaense unumaense (Yao)- 2671, magn .500x 
Fig.12 Protunuma? lanosus Ožvoldová- 2667, magn.450x 
Fig.13 Stichocapsa convexa Yao - 2049, magn.390x 
Fig. 14 Angulobracchia sp. - 2677, magn. l 50x 

Plate XJII 
Components ofbreccias from the area between the Margecany quarry and Kurtova skala hill. 
Fig. l Lithoclast of an older limestone breccia in the Jurassic sedimentary breccia. Thin section No.21 826, magn .30x. 
Fig.2 Pressure deformed lithoclast of pelsparite-grainstone (Triassic?) in the Jurassic sed imentary breccia. Thin section No.21 825, 

magn .30x. 
Fig.3 Lithoclast of volcanite (devitrified glass) and bivalve shell fragment in the Jurassic breccia. Thin section No.21 826, magn.30x. 
Fig.4 Mierite clast with authigenic feldspar grains (left) and bioclasts in the Jurassic breccia. Thin section No.21 826, magn.30x. 

Plate XIV 
Components of breccias and shales from the top part of the Margecany quarry. 
Fig. l Lithoclast with filamentous microfacies (probably Upper Triassic) from carbonate breccia in the Jurassic shales. Thin section 

o.23 524, magn. l 9x. 
Fig.2 Pelbiosparite lithoclast with filaments and peloids (probably Upper Triassic). Thin scction No.23 533, magn. l 9x. 
Fig.3 Biomicrite lithoclast with calcified radiolarians and rare filaments (probably Upper Triassic). Thin section No.23 525, 

magn. 19x. 
Fig.4 Biomicrite lithoclasť with calcified radiolarians, filaments and a juvenile ammonoid test. Thin section No.23 524, magn. l 9x. 
Fíg.S Radiolarite with stylolites and pressure deformed radiolarian tests. Detrital quartz grains (silt to fine-grained sand) visible on 

the left side ofthe picture. From the red shale formation al the top part ofthe quarry. Thin section o.21 829, magn.48x. 
Fig.6 !-laematite-siliceous lamina in radiolarite (for the rock see Pl.XVI , Fig.3. Thin section o.21 829, magn.48x. 

Plate XV 
Fig.1,2 Fragments ofbelemnite rostra in the Jurassic carbonate breccia. Locality- top part ofthe Margecany quarry (scale = lem). 
Fig.3,4 Transverse (3) and longitudinal (4) cross-section through a deformed belemnite rostrum from the Jurassic carbonate breccia. 

Localíty - as for Figs. l and 2. Magn. 8x. 
Fíg.S Pressure deformed líthoclast of a garnet mica-schists and an echínoderm ossícle replaced by pale grey silicate in the Jurassic 

carbonate breccia. Localíty - the area between the Margecany quarry and Kunova skala híll. Magn. 30x. 

Plate XVI 
Fig. l Carbonate breccia from the Jurassic shale formation . Locality- the area between Margecany and Kurtova skala hill. AII scales 

= lem. 
Fig.2 Breccia composed of metamorphosed limestone and tuffitic materi al. Locality - abandoned quarry at the road brtween Košické 

Hámre and Veľký Folkmár. 
Fig.3 Radiolarite with lensoid laminae of haematite-siliceous rock (see also Pl.XIV, Fig.6) from the Jurassic rcd shale formation. 

Localíty - top part ofthe Margecany quarry. 
Fig.4 Breccia comprising grey fine-grained silicite clasts and red siliceous matrix from the Jurassic red shale formation . Locality - top 

part of the Margecany quarry. 
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Plate 1 
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Plate II 
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Plate Hl 
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Plate IV 

R. Mock, M. Sýkora et al.: Petrology and stratigraphy oj the Meliaticum ... 
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Plate V 
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Plate VI 

R. Mock, M. Sýkora et al.: Petrology and slratigraphy oj the Meliaticum ... 
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Plate VII 
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Plate VIII 
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Plate IX 
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Plate X 

R. Mock, M. Sýkora el al.: Petrology and stratigraphy oj the Meliaticum ... 
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Plate XI 
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Plate XII 

R. Mock, M. Sýkora el al.: Pelrology and straligraphy oj the Melialicum ... 
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Plate XIII 
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Plate XIV 
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Plate XV 
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Plate XVI 
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Bôrka Nappe: high-pressure relic from the subduction-accretion prism 
of the Meliata ocean (lnner Western Carpathians, Slovakia) 

JÁN M ELL0 1
, PETER REICHWALDER2 & ANNA VOZÁROVÁ3 

1Geological Survey of Slovak Republic, Mlynská dolina, 1, 817 04 Bratislava, Slovakia 
2Dept. of Geology and Palaeonto logy, Faculty of Science, Comen ius University, Mlynská dolina, G 842 12, Bratislava, Slovakia 
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Abstract: The Bôrka Nappe comprises a variable, discontinuous and tectonically intensively segmented pack
age of the Late Paleozoic and Mesozoic formations wh ich are relati vely higher metamorphosed than the sur
rounding rocks. The common characteristic feature is their alpíne metamorphosis in the middle to higher 
pressure conditions along with the relatively low geotermal gradient reaching I 0° C km-'. 

In the recent understanding the Bôrka Nappe comprises a rock complex of accretionary prism originated 
as a result of the Late Triassic - Jurassic subduction of the oceanic bottom and adjacent margins of the 
Meliata ocean (oceanic and thinned continental crust). The tectonic indivídualization of the accretíonary 
complex and íts transport into the contemporary structural position came even duríng the younger orogeny 
stages (in the Early and Middle Cretaceous). In that tíme the accretionary complex was already modified by 
hígh-pressure - low-temperature metamorphism and exhumation and was overthrusted to the contemporary 
structural position overlying the Gemericum as a complicated nappe structure in ductile-brittle to brittle con
ditions. 

Keywords: Bôrka nappe, Meliaticum, ocean crust subduction, HP/L T rnetarnorphísm, subduction-accretion
ary prísrn ofthe Jurassic age, Slovak Karst, Slovenské Rudohorie Mts., 

Introduction 

Along the northem margin of the Slovak Karst and in 
the southeastem part of the Slovenské Rudohorie Mts. 
between Jasov, Dobšiná and Jelšava numerous isolated 
or, in places, almost continuous outcrops of the Late 
Paleozoic and Mesozoic sequences occur, which are rela
tively higher metamorphosed than the surrounding rocks. 
They are assigned to the separate tectonic unit termed as 
Bôrka Nappe. To this nappe HP/L T metamorphic rocks 
occurring between Jasov, Medzev and Hačava, in the 
middle part of the Zádiel (Blatná) valley, in the sur
roundings of Lúčka and Bôrka as well as in the Nižná 
Slaná Depress ion, to the west of Štítnik and in the sur
roundings of Jelšava are assigned (Fig. 1 ). 

The term "Bôrka Nappe" was originally used by 
Leško and Varga (1980). They divided it as a separate 
tectonic element in the Western Carpathians and com
pared it with the southern Penninicum of the Western 
Alps. They named it after typical development in the 
Bôrka surroundings (Fíg. 2). 

The authors assigned to the Bôrka Nappe a complex 
of dark marly pelites, marls, cherts, basalts, ultrabasic and 
volcanosedimentary rocks which stratigraphic assignment 
was not known at that tíme and which was assumed to 
represent upper part of the Mesozoic (Jurassic to Early 
Cretaceous?). According to the recent conception (Mello 
et al. 1996, 1997) the Bôrka Nappe is lithostrati-

graphically understood much wider and besides se
quences with assumed Triassic - Jurassic age also older 
rocks, most probably ofthe Late Paleozoic (Pennian) age 
are assigned to it. The common characteristic feature of 
al t rock sequences is their Alpine metamorphism in the 
middle to higher pressure conditions along with the rela
tively low geotermal gradient reaching 10° C km- 1 

(Mazzoli et al. 1992). In order to provide unified ter
minology ofthese higher-grade metamorphosed Mesozoic 
- Late Paleozoic sequences, the term "Bôrka Nappe", 
already used in the literature, was retained even if the 
much more typical and complete development of the 
nappe than in the surroundings of Bôrka is in the area 
between Jasov and Hačava. In this area it was detailly 
mapped and described (in that time with different assign
ment) by Reichwalder ( 1973) in the past (Fig. 4). 

In the recent understanding the Bôrka Nappe com
prises a rock complex of accretionary prism originated as 
a result of the Late Triassic - Jurassic subduction of the 
oceanic bottom and adjacent margins of the Meliata 
ocean (oceanic and thinned continental crust). The tec
tonic individualization of the accretionary complex and 
its transport into the contemporary structural position 
came even during the younger orogeny stages (in the 
Early and Middle Cretaceous). In that time the accretion
ary complex was already modified by high-pressure - low
tamperature metamorphism and exhumation and it was 
overthrusted to the contemporary structural position 
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Fíg. 1: Lxiension o/ the Bôrka Nappe in the northern part o/ the Slovak Karst and in the southeastern part o/ the Slovenské 
Rudohorie Mts. 

overlying the Gemericum as a complicated nappe struc
ture in ductile-brittle to brittle conditions. 

Lithostratigraphy of the Bôrka nappe 

The Bôrka Nappe comprises a variable, discontinuous 
and tectonically intensively segrnented package ofthe Alpi
ne metamorphosed sedimentary-volcanic rocks of the Late 
Paleozoic- Mesozoic age (?Perrnian-?Jurassic). On the basis 
of the lithology and mutual relationships of the indivídua( 
lithologic units it is divided into Jasov Forma/ion, Bučina 
Formation and Hačava Sequence with Dúbrava Formation 
in the lower part (Mello et al. 1997, Fíg. 3, [Fíg. 6 in this 
article]). Their relationship is tectonic at all sections. 

Jasov Formation (?Permian) consists of a complex of 
metamorphosed, prevailingly clastic deposits usually crop
ping out as a separate partia( structure of the Bôrka Nappe. 
Although the formation has more lithologic features in 
common with Rožňava Formation of the Gemeric Gočal
tovo Unit, it conspicuosly differs from it by metamorphic 
and deformational structures suggesting the substantially 

higher intensity of metamorphic and deformational proces
ses. Based on metamorphic mínera] association and b331 , 060 
values of K-white micas, the conditions of middle-high 
pressure regime by the temperature around 470° C during 
climax of the Alpine metamorphism were proved (Mazzoli 
et al. 1992). 

Lithologically the formation is relatively monotonous. 
It mostly consists of metapsamites. Conglomerates are 
restricted to the lower part o f the formation but they did 
not form more conspicuous conglomerate layer. The 
metapsamites are fining upward and they pass into the 
sequences with prevailing metasiltstone and metapelíte 
occurrence. The transition between indivídua( types is 
gradual. The metarhyolites and acid volcanoclastic rocks 
comprise smaller bodies and lense-like layers mainly in 
the lower parts ofthe formation . 

Bučina Forma/ion (?Permian) is composed of the 
variable range of the sedimentary, volcanic and volcano
clastic rocks. Lithologically it resembles the lower parts 
of the Jasov Formation but the rocks are substantially 
more siliceous, most probably as a result of silicification 
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Fig, 2: Geological map o/ the typical area o/ the Bôrka Nappe in the surroundings o/ the Bôrka and Lúčka villages (according 
Melia el al. /996, slightly modijied) , 
L e g e n d: Quaternary (1-3): I - de/uvia/ sediments and al/uvia/ fans. 2 - Jluvial sediments (Holocene), 3 - solidijied debris 
(breccias) (Pleistocene-Pliocene); Silica Nappe (4-12): 4 - radiolarites (Callovian-Oxfordian) , 5 - Adnet and Hierlatz Limestone, 
varigated breccia (Liassic), 6 - Dachstein limestone (Norian), 7 - Wetterstein /imestone (Ladinian-Cordevolian), 8 - Reifling 
limestone (Ladinian) , 9 - Steinalm limestone (Anisian), 10 - Gutenstein limestone (A nisian) , 11 - Szin Beds (Late Scythian), 
12 - Bodvaszilas Beds (Late Scythian), Bôrka Nappe (13-19): 13 - metamorphosed dark shales with intercalations of dark 
sandstones, carbonates and metabasic volcanic rocks (? Triassic-? Jurassic), (14-16): Dúbrava Formation (Middle-Upper 
Triassic?): 14 - metabdsic rocks, often glaucophanites, 15 - metamorphosed light and gray crystalline limestone with admixture of 
volcanic materia/, /6 - Honce Limestone: metamorphosed light crystalline limes/one, 17 - rauhwackes (approx. boundary between 
lower and Middle Triassic, part o/ them is o/ tectonic origin), 18 - Jelšava Beds: metamorphosed yellowish-brown limes/one with 
interca/alions of metamorphosed s ha les and mar/s (Scythian), 19 - "Paklan Beds ": metamorphosed yellowish-brown limy sandstone 
to sandy limestone (Scythian), it can not be excluded that this member belongs to the Turna Nappe, Gemericum: Gočaltovo Group 
(Permian) (20-24): 20 - medium grained o/igomict conglomerates, 21 - gray-green bedded and rhytmically laminated quartz 
sandstone, 22 - gray and green sha/es and fine grained sandstone, 23 - green and gray shales, 24 - variegated polymict brecciated 
conglomerates with intercalations o/ greywackes, sandstones and shales, Technical explanations (25-30): 25 - thrust lines, 
26 - reverse faults, 2 7 fau lts, 28 - s trike and dip: of beds; of schistosity, 29 - prospection galleries out o/ opera ti on, 30 - springs 

connected with the volcanic activity. The most of the 
rocks posses a conspicuous parallel structure. The clasts 
in the metaconglomerates are markedly compressed, often 
with the expressive linear stretching. Similar stretching as 
a result of intensive shear deformation also show some 
porphyroclasts and porphyric phenocrysts in rhyolites and 
rhyo litic volcanoclastics (P late I, fig. 3-4). The inventory 
of the deformation structure is typical for the shear zones 
in the brittle-ductile and ductile conditions. 

Hačava Sequence (?Triassic - ?Jurassic) has a com
pli cated, imbricated interna! structure. The frequent tec
tonic contact ofthe different lithologic members, shortage 
of the biostratigraphic data and intensive metamorphism 
connected with the development of metamorphic schis
tosity does not provide reliable data for reconstruction of 
its stratigraphic success ion. In spite of this, a probable 
lithostratigraphic succession is possible to reconstruct 
using consistent metased imentary and metavolcanic rock 
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associations at the majority of the occurrences which are 
assigned to the Bôrka Nappe, reconstruction of local bed 
successions and observations of relatively frequent mutual 
transitions among some lithologic members. The succes
sion is to a great extent correlable with palaeofacial 

1 
J. Mel/o, P. Reichwalder, A. Vozárová: Bôrka Nappe:high-pressure re/ie „ 

change trends in the adjacent tectonic units (Tumaicum, 
Meliaticum) retlecting palaeotectonic evolution of the 
wider sedimentary environment including opening and 
closure of the "Meliata" ocean and the evolution of the 
adjacent slope areas . 

Fig 3: Area oj the type loca/ity oj the Bôrka nappe norh of the Bôrka village at the norhern margin oj the Slovak Karst - /. Silica 
Nappe, 2. Bôrka nappe, 3. Gemericum: Gočaltovo Group (Permian), Photo by P. Reichwalder 

1D 2CJ 3~Hi~ľHIHm s•~~ efilfflffl9-
,0 11:1:1:1:1:1:13 ,,g 12 :::::•.·.· 13 [L<:>;111·~ ,sl§§ ša 16 ~ 111~1 101~, .. 1 

Fig. 4: Simplifled geological map of the Bôrka Nappe between Hačava and Jasov (after Reichwalder in Mel/o et al. 1996) . 

t 
j 

/ . Quaternary deposits undivided, 2. Neogene deposits undivided: 3. Silica Nappe (ľriassic - Jurassic); 4. Turňa Nappe (ľriassic) ; 
Bôrka Nappe (5-11): 5. dolomites, crystalline limestones, locally with volcanic material, 6. glaucophanites (5 and 6 - Dúbrava 
Forma/ion) , 7 dark grey and green metapelites (5 - 7 Hačava Sequence; ?Triassic - ?Jurassic), 8. Bučina Forma/ion (?Permian) , 
9. metapsamites, melapelites, IO. metaconglomerates, 11 . metarhyolits (9 - I J Jasov Formation - ?Permian): Gemericum (12-16): 
Gočaltovo Group (12-14): 12. conglomerates, 13. sandstones and shales, 14. rhyolites and dacites, 15. Štós Forma/ion, 16. Gelnica 
Group, J 7. nappe overthrusts and reverse jaults, 18. faults (norma/ and s trike - slip). 
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Fig. 5. View of area of tectonic contacts of the Silica Nappe (far 
right) , the Turna Nappe (above the church and al flelds in the 
foreground) and the Bôrka Nappe (mostly marbles and 
blueschists of the Dúbrava Forma/ion in the centra/ and lefl 
part ofthe ridge) along the northern margin of the Slovak Karst 
near the Hačava vi/lage. Photo by P. Reichwalder. 

The rock record in its lower part (Dúbrava Forma
tíon) even if it is to a great extent fragmentary, suggests a 
gradual evolution from the pre-rift stadium characterized 
by terrigenous and probably also terrigenous-evaporitic 
facies in the lower part, through a probably shorter sta
dium of a carbonate platform to the stadium of an inten
sive rifting already at the beginning of the Middle 
Triassic (Middle Anisian). This stadium was accompa
nied by collapse of carbonate platform and locally by 
intensive manifestation of basic volcanism. Frequently 
observed synchronous products of basic volcanism and 
carbonate deposition (Fíg. 9) point to tíme relation of 
volcanism with the initial phase of rifting in the 
continental crust condition preceding the formation of 
oceanic depositional environment of the Meliaticum 
(Meliata ocean). The uppermost parts ofthe reconstructed 
succession of the Hačava Sequence consists of non-cal
careous green, gray and black metaclaystones containing 
thinner interlayers ofmetasiltstones and metapsamites and 
of minor rock bodies (probable of olistolith characters) 
occurring in the underlying rocks. They represent pelagic 
and turbiditic deposits of post-rift (oceanic) stadium. 
Rarely dm layers of redeposited acid volcaniclastic mate
rial (Nižná Slaná Depress ion SW of Markuška) occur. 
Stratigraphicaly they probably reach up to Early-Middle 
Jurassic. 

The lowermost part of the carbonate complex consists 
of ye llow and gray granulous, partly cellular dolomites. 
They are in the lowermost part of the pale crystalline 
limestone complex as thin (max. 1 O - 15 cm), continual 
and lense-like pinching out layers. From the lithofacial 
point of view they represent the commencement of the 
carbonate deposition. They represent a characteristic 
marker horizon correlable with Gutenstein Dolomites 
of the adjacent tectonic units (particularly with the 
Turnaicum Nappe). They often posses cellular structure 
(rauwacks) and their origin may be tectonic in many 
cases. The contact of the dolomites with underlying rocks 
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is almost exclusively tectonic. They most often crop out 
along thrust and overfault planes restricting partia! nappes 
and nappe slices (duplexes) commonly occurring at the 
base of carbonate rock sequences . This is poss ible to 
observe in the surroundings of Hačava and Šugov valley 
as well as in Nižná Slaná Depression (Fig. 8). 

The light gray and white crystalline limestones 
(marbles) represent a characteristic and most widespread 
lithotyp of Dúbrava Formation. They are light gray and 
white, massive, unbedded, on the surface often faintly 
karstified and mostly intensively split. They form mor
phologically conspicuous hills (e.g. hills Jelení vrch, 
Zakúrený vrch, Špičák, Javorina and others in the area 
between Medzev and Hačava). In the area of the Nižná 
Slaná Depression these hills are mainly represented by 
elevation points of the Dúbrava hill north of Ochtina 
village, Ždiar and Starý háj hills east and northeast of 
Slavoška village and also by some hills in the area south 
of Chyžné village and north of Jelšava town. These 
limestones also comprises striking klippen belts in the 
surroundings of Jelšava). They usually reach thickness of 
tens to hundreds of metres. Common metamorphic folia
tion also suggests a possibility of secondary (tectonic) 
increase of their thickness. They are prevailingly of mo
nomineral composition. They consist of medium- to 
coarse-grained calcite, locally with indication of preferred 
shape orientation. The marmors are mainly in the- lower 
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part very pure and they contain only scarcely higher ad
mixture of other minerals (quartz, limonitised Fe-carbon
ates). As to their appearance, composition and structural 
position in the bed sequence they are analogous to the 
similar crystalline limestones occurring in the adjacent 
tectonic units (Turnaicum, Meliaticum). The upper strati
graphic range of these units is restricted by the Pelsonian 
age ofthe red pelagic limestones filling neptunic dykes in 
these I imestones. Originally, they probably represented 
shallow-water reef and lagoonal (Steinalm) limestones of 
carbonate tlats. Their pale to white colour does not have 
to be original, it may be a result of higher degree of 
metamorphic processes. Therefore it is not possible to 
exclude a possibil ity that a part of the carbonate 
sequence, especially in its upper part, could be composed 
of pelagic, more deep-water types of limestones which 
originally were more variegated. 

The crystalline carbonates of the Dúbrava Forma
tion generally have low values of Sr/Ca ratio as well as 
contents of Al20 3, Mn, K, U, Th and rare earth. The 
mean value of REE from 4 samples of crystalline lime
stones is 4 ,75 ppm. In the underlying crystalline dolo
mites the content ofNa, Mn, U, Th and also of REE (the 
mean from 3 samples = 8.66 ppm) is relatively lower. 
However, the crysta ll ine carbonates of Dúbrava Forma
tion are generally strongly depleted of REE with a lower 
degree of fractionation LREE vs. HREE in distribution 
curves. lt prefers their deep-water origin or a basin 
located in a considerable distance from a terrestric 
source. The isotopic content of O and C is intluenced by 
a high degree ofmetamorphism (Vozárová et al. 1995). 

The siaty crysta/line limestones are common litho
logic type, particularly in the northern part of Hačava 
surround ings. 

The boundary with the light crystalline limestones is 
gradual , especially if their contact is not tectonized. The 
gradual transition is connected with increase of clastic, 
mainly volcanic material. The proportion and form of 
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Fig. 7: Outlier oj the Silica 
Nappe tectonically overly ing rock 
sequence oj the Bôrka Nappe on 
the Radzim Hi/l, 5 km SW oj the 
Dobšiná lown in the area oj 
Nižná Slaná Depression (see geo
/og ical map, flg. 8). Photo by P. 
Reichwa/der. 

occurrence of this clastic 
material in the carbonate 
matrix is considerably change
able varying from regularly 
disseminated fine-grained tuff 
material through its concen
tration in more continuous 
layers up to occurrence of ba
salt fragments or more conti
nuous layers of basaltic lavas. 
The characteristics of the basic 
volcanic material occurrence 

in the carbonate deposits points to partly contempo
raneous carbonate deposition and basic volcanism 
(Reichwalder 1971 , 1973) at least during the initial stages 
of the volcanic activity. A variety of rocks differing by 
mineral composition as well as textural and structural 
characteristics exists as a result of the original compo
sition and subsequent metamorphic and depositional 
processes. Non-carbonate minerals are composed of 
chlorite, fengite, paragonite, albite, epidote, actinolite and 
locally also by glaucophane. The occurrence of quartz 
and some accessory and secondary minerals is also 
relatively abundant. The schistosity is of metamorphic 
origin and it is emphasized by a preferred orientation of 
phylosilicate minerals. Less frequent are crystalline lime
stones with preserved more continuous layers of volcano
clastic material which is locally emphasized by a selective 
weathering. These layers often show very intensive fold
ing (Plate II , Fíg. 1) while at least two tíme and kinematic 
different types of fold deformation can be observed. 

The most characteristic lithologic types of Dúbrava 
Formation are metabasic rocks. They occur almost at all 
outcrops of the Bôrka appe. The metabasic rocks are 
very often changed in the HP/L T conditions. They are 
represented by a wide range of metamorphosed basic vol
canic, volcanoclastic and maybe also deeper igneous 
rocks. They show high variability of petrologic types 
from metabasa lts through green schists to glaucophanites. 
This variability retlects not only substantial diversity in 
the original composition of source rocks but mainly var
ied metamorphic conditions from the green schists facies 
up to facies of blue (glaucophanite) schists during both 
progradational and retrogradational stage (Mazzoli et al. 
1992, Vozárová 1993), Ivan 7Kronome, 1996, Faryad 
1995, Janák in Reichwalder et al. 1995). 

HP/L T metamorphism of these and other rocks of the 
Bôrka Nappe is related to the subduction-accretionary 
process in the stage of the closure of Meliata ocean dur
ing the Jurassic and to the fast exhumation of the accre-
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Fig. 8: Geological map of the Bôrka Nappe in the Nižná Slaná Depression (after Mel/o and Vozár [Paleozoic formalions] in 
Madarás el al., 1995). 
Quaternary (1-2): I - fluvial and proluvial sediments: sandy and loamy grave/s, loams and clays, 2 - de/uvia/ sediments: loamy
stony, loamy-sandy and loamy sediments; Tertiary (3): 3 - grave/s (Pliocene); Silicicum: Silica Nappe (4-6): 4 - Nadaska limes/one 
(Illyrian-Fassanian), 5 - Steinalm limestone (Pelsonian-Illyrian), 6 - Gutenstein limes/one (Anisian); Bôrka nappe (7-19): Partia/ 
,zappe oj Ždiar, Hačava sequence and Dúbrava Formation (7-14): 7 -dark shaly c,ystalline limestone, 8 - dark and gray shales, 
dar k phy/lites, metasandstones, locally with interlayers of dark limestones, 9 - lighl c,ystalline limestone, l O - lighl, yellow-brown to 
brown bedded crystalline Ii mest one with admixture of volcanic mate rial, J l - metabasalts and their tu.ffs, glaucophanites, 12 - gray 
and green sericitic - chloritic phyllites, often with predominance of metabaslt tu.ffs and tuffites, 13 - rauhwackes and dolomites, 14 -
serpentinites; Partia/ nappe (slice) oj Bučina, Bučina Formation (Permian) (/5-16): 15 - metavolcanics - rhyolites, 16 - meta
morphosed acid vulcanoclastics, sandstones, shales; Partia/ nappe (slice) oj Filipka, Filipka Formation (Permian) (/ 7-19): 
J 7 - sericitic, sericitic - ch/oritic and chloritoid phyllites, 18 - metasandstones, 19 - metamorphosed oligomict conglomerates; 
Gemericum (20-27); Kobeliarovo Group (Triassic) (20-22): 20 - light crystalline limestone (Anisian-ladinian), 21 - gray dolomite 
(Anisian), 22 -violet and green ·sandstones and shales (Scythian); Gočaltovo Group, Rožňava Formation (Permian) (23): 
23 -sericitic, sericitic - chloritic phyllites, metarhyolites and metadacites. their tu./Js and tuffites. oligomict conglomerates, unstra
tifled sandstones; Ochtiná Group (Early Carbonijerous) (24-26): 24 - phyllites, metasandstones, 25 - dark limestones, 26 - meta
basalts and their tu./Js; Gelnica Group (Late Cambrian - Devonian) (27): 27 - Gelnica Group alltogether (phyllites, 
metasandstones, porphyroids, lydites, etc.); Technical explanations (28-30): 28 - faults, 29 - overthrusts, 30 - slices. 
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tionary prism. Macroscopically, these rocks are bluegray, 

bluegreen up to graygreen (usually as a function of occur

rence and quantity of glaucophane), fine- to medium

grained, massive, but also with conspicuous fo liation and 

lineation as a result of preferred orientation of glauco

phane and other minerals (fengite, chlorite, aktinolite), 

respectivelly. Mineralogically they mainly consists of 

glaucophane (crossit), albite, epidote, ch lorite, fengite, 

paragonite, gamet, titanite (leukoxen), magnetite, hema

tite, quartz (Kamenický 1957, Reichwalder 1970, 1973, 

Howie & Walsh 1982, Reichwalder et al. 1995, Faryad 

1995). Relic primary magmatic structures are occasion

ally preserved, especially in more massive rock types 

(l van & Kronome, 1996). Locally relics of pillow-lava 

structure are preserved, even if they are never very con

spicuous. The glaucophanite bodies in the surroundings of 

Hačava are most extensive in the West Carpathians. The 

greatest of them is 3 km long and its maximum thickness 

more than I 00 m. Its composition is relatively heteroge

nous and its boundary in relation to the adjacent rocks 

mainly sharp (tectonic). 
Regardíng míneralogic composition of the metaba

salts, assocíations of Gin + Chi + Ep + Ab + Ttn ± Phn 

and Na - Px + Gin + Chi + Ep + Ttn ± Phn indicate 

metamorphism in the blue schist facies conditions 

(Faryad, 1995, Faryad, Henjes-Kunst, 1997). This maín 

metamorphic event was replaced by a stadium of ísother

mal decompression accompanied by mineral association 

of Act + Chi + Ep + Ab (Mazzoli & Vozárová 1998). 
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In spite of alkalí and light elements mobility during 

metamorphism, geochemistry of metabasalts suggests 

OFB or BABB geotectonic environment. The most of 

normalized REE distribution curves show enrichment in 

LREE, relatively high La/Sm ratio and depletion in Lu, 

indicating a striking E-MORB afinity. Minor part of sam

ples shows N-MORB afinity (Ivan & Kronome 1996, 

Mazzoli & Vozárová 1998). 
Locally layers of conspicuously sliced rocks of phyl

lite character, having green, grayish green up to darkgray 

colour, occur in the upper parts of the metabasics com

plex. They probably are rocks having tuff characteristics 

and locally abundant carbonate matrix . 
The metapelítes comprise the uppermost part of the 

Hačava sequence. They are dark gray to black, but also 

green, often laminated and spotty, non-calcareous meta

pelites and metasiltstones. They mostly consist of qu.artz 

and sericite (fengite, paragonite) . The chloritoid occur

rence, usually in the form of stat porphyroblasts and 

aggregates of sheaf shape. A high content of graphitic 

pigment resulting in dark rock coloration is also typical. 

The blocks consisting of more rock types known from the 

Bôrka Nappe, which occur in these metapelites, suggests 

theír interpretation as olístoliths. Based on the occurrence 

of thinner metasiltstones layers and fine-grained metap

samites in the non-calcareous metapelites it is possible to 

relate this formation to the distal turbidíte facies . Scarcely 

they contain dm layers of graded redeposited acid vol

canoclastics. The rocks are characterized by a stríking 

Fig. 9: Outcrop o/ the metabasalt (glaucophanite) fragments in the marble matrix o/ the Dúbrava Formatíon ofthe Bôrka Nappe in 

the Šugov Valley, 3 km SSW o/ the Medzev town. Photo by P. Reíchwalder. 
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development of the crenulation cleavage and their fre
quent spotteness is caused by shearing and pulling away 
ofthe original laminae. 

The following associations of metamorphous minerals 
were described in the metasediments: Ms + Pg + Ab; Cld 
+ Chi + Ms + Pg; Cld + Ep + ± Gin; Grt + Gin + Ms 
(±Pg) ± Bt; Chi + Grt + Ms± Bt. The common accessory 
components are quartz, graphite and lower amounts of 
rutile and titanite. Such a variability of metamorphic mín
era) occurrences corresponds to the variability of the 
protolite composition. Turbidite deposits were typical by 
altemation of Al rich layers with layers having high 
Fe/Mg ratio and admixture of volcanoclastic material 
(mostly basic, rarely also acid) . 

Two degrees of metamorphism were also distin
guished in metapellites. The older phase is represented by 
association C ld (1.) +Chi + Ab + Phn ± Pg and Gin + Grt 
+ Ab + Phn ± Pg. lt represents HP/LT phase already 
documented by b331 • 060 values of K - white mica (Árkai & 
Kovács 1986; Mazzoli et al. 1992). The younger, low
pressure phase is characteristic by glaucophane destabili
zation and its substitution by Chi + Qtz ± Ab. The mínera) 
associations Grt + Chi + Ms + Bt + Ab and Cld (11.) + 
Chi + Ms + Ab also corresponds to this stage (Mazzoli & 
Yozárová 1998). 

Considering the )atest interpretations of Meliaticum 
(s.s.) as a Jurassic olistostrome complex (olistostrome me
lange) in which other rocks only represent olistoliths in the 
Jurassic turbidites, a question appears if it is not analogue in 
the case of Hačava Sequence of the Bôrka Nappe. Even if 
we can not unambiguously exclude this idea and to the cer
tain extent it is suggested by the described formation , the 
more probable is that in the case of the Bôrka Nappe it is 
subduction-accretionary complex. The extensive bodies of 
crystalline limestones and glaucophanites represent tectoni
cally divided duplexes and tectonic slices. Even if they 
were exhumed to nearsurface conditions, they have been 
stripped out, except small exceptions, by erosion only dur
ing the collision stage. At that time they were incorporated 
(obducted) into essentially different metamorphic environ
ment. It is manifested by an conspicuous metamorphic 
jump to the both underlying and overlying complexes. 
Comparing to the Bôrka Nappe the olistoliths in the 
Meliaticum s.s. consists of non-metamorphous and/or by 
s lightly metamorphous rocks (excepting light crystalline 
limestones) with higher abundance of deep-water deposits 
(radiolarites). From this reason it is probable that the 
Meliaticum s.s. represents shallower and likely also 
younger parts of accretionary prism which did not reach 
stronger HP/L T metamorphism as it was in case of the 
rocks of Hačava sequence. 

Tectonics 

The Bôrka Nappe bears traces of deformation and 
metamorphism in condition of high pressure and low 
temperature, i.e. the nappe or at least its parts, had to 
occur in relatively deeper parts of subduction zone for a 
certain period. Basically, it is a remnant of a subduction-
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accretionary complex containing abundant blocks resem
bling the Late Paleozoic rocks of Gemericum and 
Mesozoic rocks ofMeliaticum. 

Petrological characteristics of the metabasics and meta
pelites of the Bôrka Nappe indicates polymetamorphic 
evo lution with the first HP/L T degree (P > 1.3 Gpa, T -
500 degrees C) and with the second LP degree (P - 0.5 
Gpa, T - 400 degree C). The PT path corresponds to the 
model of ocean crust subduction followed by fast isother
mal decompression (Mazzoli & Vozárová 1998). 

The Bôrka Nappe is a tectonic unit with a very com
plicated interna) structure reflecting complicated tectonic 
history during the formation of its lithology (pre-rift and rift 
stages) and also during the orogenic stages (subduction
accretionary, collisional , transpression-transtensionary). lt 
is interpreted as out-of-sequence nappe overthrusted during 
the collisional (transpression) stage on the Gemericum from 
south. lts today's occurrences are almost exclusively 
restricted to the areas north of Rožňava fault zone. Almost 
in all occurrences it tectonically overlies the rocks of Early 
and Late Paleozoic of Gemericum (Gelnica and Gočaltovo 
Groups). It does not form continual nappe body but only 
larger or smaller erosively or tectonically separated nappe 
fragments with imbricated interna) structure. 

The palaeotectonic and palaeofacial studies suggest 
that in the Late Paleozoic and probably also in the Meso
zoic the depositional area of rock sequences of Bôrka 
Nappe represented a continuation of the Southern Ge
mericum sequence depositional area. Their characteristic 
feature is higher degree of metamorphism comparing to 
rocks of underlying and overlying units. This metamor
phism is connected with subduction-accretionary process 
related to the gradual closure of the Meliata-Hallstatt ex
tremity of the Kimmeridgian ocean. The radiometric dat
ings Ar39/Ar40 performed on fengite (Maluski et al. 
1993, Faryad & Henjes-Kunst 1995, 1997 Dallmeyer et 
al. 1996,) suggest that uplift through isotherm 350 - 400 
degrees C occurred in the Late Jurassic ( 165 - 150 Ma) 
confirming the Kimmeridgian age of the tectono-meta
morphic processes connected with the origin ofhigh-pres
sure mínera! associations. The metamorphic conditions 
reached by rocks during subduction (- 500° C and > 13 
Gpa) corresponds to the depths of about 40-50 km in the 
stability area of the blue schist epidote subfacies. The 
metamorphic evolution coincidies to a complicated de
formation evolution certainly more complicated than in 
other tectonic units of the West Carpathians. However, 
the kinematics of movements has not yet been unambigu
ously reconstructed . 

Present occurences of the Bôrka Nappe do not coin
cide with the former suture zone after the ocean closure. 
They are in alochthonous position to which they were 
moved after the HP/L T metamorphism and exhumation. 
A conspicuous metamorphic jump of the Bôrka Nappe 
rocks comparing to the overlying (Si licicum and 
Turnaicum) and underlying (Gemericum) rocks in the 
recent geologic structure suggests an important role of 
younger tectonic processes and tectonic transport to the 
present position after the high-pressure metamorphism . 
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Paleogeographic and paleotectonic evolution -
a discussion 

Several rather different paleofacial, paleotectonic and 
paleogeographic reconstructíons of the Meliaticum sedi
mentation basin and ideas on its relation to sedímentation 
areas of the adjacent tectonic units have been published. 
Several geodynamic models were suggested recently as 
well . These reconstructíons and geodynamic models are 
rather variable and in some cases even contradictory. 
They are commonly not supported by a complex analysis 
of the all available geological data, including field 
evidence and they are often based on rather limited 
information. 

Such fundamental questions as a location of the sub
duction zone and a suture after the "Meliata ocean" clo
sure, similarly as the dip directíon of the suture remain 
unsolved or at least insufficently proved. An idea about 
the southern dip of the suture, simílar to the dip of the 
younger Alpine sutures resulting fi-om the closure of the 
depositional basins of the Western Carpathian tectonic 
units, is generally accepted, though without unambiguous 
evidence. The present location of the Bôrka nappe occur
rences is impossible to associate with a position of the 
original suture formed by the closure of the "Meliata 
ocean" . AII occurrences are in allochthonous position to 
which they were displaced after the HP/L T metamor
phism and exhumation. 

Conclusion 

The HP/L T metamorphosed rocks along the southern 
margin ofthe Gemer zone (Jasov, Šugov Valley, Hačava, 
Bôrka - Lúčka and numerous occurrences in the Nižná 
Slaná Yillage depression) are assigned to a single tectonic 
unit termed as the Bôka Nappe. 

The Bôka Nappe structurally represents the lowermost 
tectonic unit in a complicated geological structure formed 
by a pile of several allochthonous units overlying Ge
mericum. It is interpreted as out-of-sequence nappe 
overthrusted fi-om the south during a collisional 
(transpressional) stage of the Alpine orogeny. Most of its 
superficial occurrences are north of the Rožňava fault 
zone. Almost at all localities it tectonically overlies the 
Late Paleozoic rocks of the Gemericum (Gočaltovo 
Group). 1t is tectonically overlain by the Tuma Nappe or 
directly by the Silica Nappe. 

PLATE) 
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The Bôrka Nappe does not form a continual nappe 
body and consists of numerous larger or smaller erosion
ally and tectonically separated nappe fragrnents . They 
have complicated imbricate interna) structure consisting 
of the Late Paleozoic (Permian) and Triassic - ?Jurassic 
sequences. The Late Paleozoic part (Jasov and Bučina 
Formations) is lithofacially well correlated with the lower 
part of the Gočaltovo Group of Gemeric Unit. 

Paleotectonic and paleofacial reconstructions show 
that during the Late Paleozoic and probably also in the 
Mesozoic tíme depositional area of the rock sequences of 
the Bôrka Nappe was adjacent to the Gemericum. 

The relation of the HP/L T metamorphism of the 
Bôrka nappe rock sequences to the subduction - accretion 
processes along the Meliata ocean margin is generally 
accepted. 

Numerous ideas concerning location ofthe subduction 
zone during the closure of the Meliata ocean, timing of 
the subduction mechanism comrnencement and also the 
dip direction of the assumed subduction zone are rather 
speculative. Generally a southern dip of the subduction 
zone is considered but scattered kinematic indicators of 
ductile deformation related to the crystallisation ofHP/L T 
minerals offers possibility of the opposite (northem) dip 
ofthe subduction zone as well. 

40Ar/39Ar mínera( dating on fengíte shows the Late 
Jurassic cooling age (165 - 150 Ma). PT-conditions ofthe 
metamorphic peak (550 - 500° C and 12 - 2 kbar) suggest 
at least 40 km depth of subductíon responding to the sta
bil íty zone of the epidote subfacíes of the blueschists 
facies . Preservation of the high-pressure mineral assem
blage is due to a very rapid uplíft ofthe subducted rocks . 

Conspicuous differences in character and degree of 
metamorphism between rock sequences of the Bôrka 
Nappe and underlying (Gemericum) and overlying (Turna 
Nappe, Silica Nappe) tectonic units point to their post
metamorphic tectonic convergence. 
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Fíg. 1: Banded marble of the Dúbrava Formation (the Bôrka Nappe) in abandoned quar,y about I km south of the Markuška 
village (7 km NNW of the Stítnik town). Photo P. Reichwalder. 
Fig. 2: lntense/y /o/ded layers of the metabasalt volcanoc/astics in marbles of the Dúbrava Formation (the Bôrka Nappe). Locality 
and photo as Fig. / . 
Fig. 3: Thin section of the metarhyolite of the Bučina Formation (the Bôrka Nappe) wíth strong línear e/ongation (stretching 
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Formation ofthe Bôrka Nappefrom the Spúšťadlo Hi/1, 5 km S of the Dobšiná town. Photo L. Osvald. 
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Inner structure of Hronicum 

PETER KOVÁČ& MILAN HAVRILA 

Geological Survey of Slovak republic, Mlynská dolina 1, 814 07 Bratislava, Slovak.ia 

Abstract. The inner structure of Hronicum has been documented in Chočské vrchy Mts., Nízke Tatry Mts. 
and Malá Fatra Mts. The transport direction of Hronicum partial nappes has a NW orientation in these 
mountains. In order to determine original spatial arrangement of nappe bodies of Hronicum the palaoe
geographic situation in Triassic was used. We understand the depositional environment in this system as a 
system of carbonate platforms and intraplatform basins, which were structured into indivídua] subordinate 
nappes during the Hronicum displacement. 

Key words: West Carpathians, nappe tectonics, Hronicum, palaeogeography 

Introduction 

A basic structure of the West Carpathians is a nappe 
structure consisting of Paleozoic (possibly also of pre
Cambrian) to Tertiary rock complexes (Uhlig 1907, 
Andrusov et al. 1973). The Centra) West Carpathians and 
lnner Carpathians occur in the south and the Outer Car
pathians separated by Klippen Belt occur in the north 
(Mat~jka & Andrusov 1931, Andrusov et al. 1973). The 
pre-Senonian nappe structure consists of nappe systems of 
two categories (Biely & Fusán 1967). The first one is 
composed of pre-Late Carboniferous fundament and nor
maily overlying Late Paleozoic and Mesozoic. The sec
ond category is represented by rootless nappes consisting 
of Mesozoic, occasionally also of Late Paleozoic which 
entirely lost connection with their basement (Andrusov et 
al. 1973, Mello in Gregor et al. 1976, Mello & Polák 
1978). The nappe system of Hronicum is assigned to the 
second type of category. 

Hronicum was defined by Andrusov, Bystrický and 
Fusán ( 1973). According to their definition it consists of 
two facial areas (Čierny Váh and Biely Váh area) and of 
two wide-spread nappes (lower Šturec and upper Choč 
nappes) . The authors identified the Šturec nappe with the 
Čierny Váh facial area and the Choč nappe with Biely 
Váh facial area. The Hronicum is formed by bed succes
sion ranging from Carboniferous to Neocomian. On the 
basis of the !atest research the Hronicum represents a 
system of subordinate nappes. It occurs in a form of more 
blocks individualized either by erosion or tectonically 
(Fig. 1). 

Methodology 

In the paper we document division of Hronicum into a 
system of nappes and we defined a direction of tectonic 
transport of subordinate nappes in Malá Fatra Mts. , Low 
Tatras and Chočske vrchy Mts. The structural study in
cludes interpretation of mesoscopic indications of ductile 

deformation. We processed statistically fold axis orienta
tions, bedding plane orientations and constructional ~
axes orientation of flexures and/or direction of ~-axes of 
folds of Hronicum subordinate nappes. 

In order to determine spatial relationships of Hroni
cum partia! nappes we used the palaeogeographic 
situation during Triassic. The characteristics of the 
Triassic depositional environment have been chosen 
according to the fact that Hronicum nappes are to a great 
ex tent composed of Triassic rocks. 

Nappe system of Hronicum 

Hronicum represents a system of imbricated nappes of 
which spatial connection among indivídua) mountains is 
often problematic. The nappes are mainly composed of 
Triassic members, Late Paleozoic and locally preserved 
Jurassic-Cretaceous fonnations sporadically occurring in 
some of them. Tennination of deposition in the Early 
Cretaceous (Hauterive) dates the commencement of the 
tectonic transport. 

We understand the depositional environment of Hroni
cum in the Triassic (Late Pelsonian - Early Tuvalian) as a 
system of carbonate platforms and intraplatforms basins 
(Fíg. 2) . On the basis of facial analysis it is possible to 
divide two basins and two carbonate platforms (from the 
northwest to the southeast) - Dobrá Voda Basin, carbonate 
platform of so called upper nappe, Biely Váh Basin and 
Čierny Váh carbonate platform. The palaeogeographic 
position of the last one carbonate platform has not yet been 
satisfactory solved (Havrila, 1993). We can identify both 
intraplatform basins, which have not probably been 
interconnected, with the Biely Váh facial area on the basis 
of lithologic content. Similarly we can identify both 
carbonate platfonns with Čierny Váh facial area. 

Čierny Váh facial area is characterized by a se
quence of carbonate platform which is represented by a 
succession: Ramsau dolomite; laterally interfingering 
Wetterstein 
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Hauptdolomit Platform 

Basin 

Wettcrstein Dolomitcs 

Carbonate Platform 

Rcifling Lm. 
Partnach F ormation 

Biely Váh Basin 
Zámostie Formation 

Čierny Váh 
Carbonate 

Platform 

Dolomitcs 
Gutcnstcin Limcstoncs 

Uniform Carbonatc Platform 

Fíg. 2 The ínferred orígínal dístríbutíon of Triassíc roclcr across the Hronicum sedimentary area 

~ Sequence of carbonate platform C=:J Basin type sequence 

C=:J Mixed succession (basin type sequence in the lower part CD Structural analysis of the Hronicum. 
and carbonate platform sequence prograding in the upper part) The localities are described in Fíg. 4.,5.,6. 

Fíg. 3 Nappe system of Hronícum 

limestones and dolomites comprising a margin of a plat
form; thin layer of Lunz beds. Biely Váh facial area is 
characterized by a basin type sequence, represented by a 
succession of lithostratigraphic units: Farkašovce brec
cias, Zámostie limestones, Reitling dolomites, Reitling 
limestones, Schreyeralm limestones, Partnach Member, 
Raming limestones, Góstling limestone, Aon shales, 
Korytnica limestone, Lunz Member. The boundary 
between the basic facies is represented by mixed succes
sion consisting of basin type sequence in the lower part 
and carbonate platform sequence prograding over the 
basin succession in the upper part. 

Triassic of Hronicum has three evolution stages: 
1) Uniform Middle Triassic carbonate ramp underlies 
both successions 2) The above mentioned basic succes
sions are capped by Lunz Member even if differently 
thick. They fill basin depressions and they are not present 
or they only reach a small thickness above carbonate plat-

forms. lt proves together with the occurrence of Raming
Gôstling turbidite limestones, located along carbonate 
platform margin, lateral position of both basic types of 
Hronicum (Havrila in Gross et al., 1993, Havri la 1993). 
The Triassic evolution is terminated by a carbonate 
platform of the Hauptdolomit. 

The di splacement of the nappe body of Hronicum 
from its depositional environment occurred during the 
Cretaceous deformation of the Carpathian orogen 
(Andrusov et al. 1973, Bystrický 1973). The thrust plane 
did not fo llow the same stratigraphic level. As a result of 
an oblique cut of indivídua! lithostratigraphic members 
Mesozoic complexes consisting mainly of carbonate 
members occur in the frontal part of the Hronicum nappe. 
They were separated from their Late Paleozoic basement 
along horizons of clayey Lower Triassic shales. 
Backward the subordinate nappes of Hronicum also con
tain Late Paleozoic members . 
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During the Hronicum displacement a desintegration of 
an originaly uniform body into a system of subordinate 
nappes occurred (Fig. 3). Their structural - tectonic posi
tion within the framework of the Hronicum nappe system 
is controlled on the basis of sedimentological and facial 
characteristics. The Dobrá Voda nappe and Homôlka 
(Rohatá skala) nappe have been structured from the 
Dobrá Voda Basin . The original depositional environ
ment of the nappes of Veterlin, Ostrá Malenica and Šturec 
was situated on the boundary between carbonate platform 
and basin. The Triassic members of so called upper 
nappes (Havran, Jablonica, Nedzov and Strážov nappes) 
and nappe of Tlstá indicate depositional environment of 
carbonate platform. Biely Váh Basin was a depositional 
environment of a nappe system distinct in the whole 
Chočské vrchy Mts., Pohronie and Považie. 

The inner structure of the Hronicum and the tectonic 
transport direction were analysed in Chočské vrchy Mts. , 
Nízke Tatry Mts. and Malá Fatra Mts. Hronicum is repre
sented by a basin type sequence in the eastern part of the 
Chočské vrchy Mts. In the western part of the mountains 
it is represented by a carbonate platform sequence with a 
stratigraphic span from the lowermost Middle Triassic to 
Norian. The deforrnation of basa) horizons of the moving 
nappe is indicated by an occurrence of tectonic breccias 
on the overthrust plain oftectonic outliers of Hronicum in 
the western part ofthe Chočské vrchy Mts. The Hronicum 
nappe system is composed of three subhorizontally lying 
slab bodies with analogous bed succession. Lithological 
character of the Middle Triassic members belonging to 

Scheme of the Hronícum nappes lítostratigraphic sequences. 
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ldealized sketch of Hronicum nappe system in the Chočské vrchy Mts. 

Fíg. 4 The Hronicum nappe system in Choéské vrchy Mts. 

SE 

P. Kováč, M. Havrila: lnner structure oj Hronicum 

the bed succession ofthe lower two tectonic bodies shows 
their original location in the marginal part of the Biely 
Váh Basin nearby its contact with carbonate platform. It 
is evidenced by outcropping of the proximal members of 
Raming- Góstling LUrbidite system. The placement of the 
upper subordinate nappe was basinward of the carbonate 
platform and it is documented by the occurrence of distal 
members of Raming- Góstling turbidite system and Part
nach Formation . Statistic evaluation shows slight bending 
of bedding planes in the NE-SW direction in the lower 
and upper subordinate nappes (Fig. 4 ). lt suggests NW
SE direction of tectonic transport. During the displace
ment of the Hronicum nappe a development of imbricated 
structure without distinct fold structures took part in the 
area oftoday's Chočské vrchy Mts. 

On the southern slopes of the Nízke Tatry Mts. in the 
area of Lopej valley and adjacent Bystrá foreland three 
partia( Hronicum nappes of local extent occur (Matejka & 
Andrusov 1931 , Kettner 1940, 1958, Biely 1963). They 
overthrust each other (Fig. 5) - Bystrá nappe, Svíbová 
nappe, Okošená nappe (Biely el al. 1988, Biely et al. 1997). 
Their stratigraphic span is Permjan - Late Triassic. 

Biely (1963) explains the genesis of subordinate nap
pes by cleaving of a uniform nappe slab by a reverse dis 
placement with south vergency. Later he considers a 
system of Hronicum nappes in this area as a pre-Gosau 
having a northern vergency (Biely et al. 1998). Sirnílarly 
this same interpretation he applies for the northern side of 
Low Tatras where three subordinate nappes of Hronicum 
(Boca, Malužiná and Svarín) occur. He does not term 

j I upper subordinate nappe 

1 j j 11 míddle subordínate nappe 

k '\, 'j lower subordinate nappe 

1--1 faults 
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A 
2km 

Bedding ptanes of Hronicum nappes are shown by stereographíc projectíon 
(Schmidt net, lower hemisphere ). Projection of pian es are represented by great círcles. 
Statistic evaluation of beddíng planes shows sl ighl bending with NE-SW oriented 8-axís. 
a) upper, b) míddle. c) lower subordinate nappe 
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Scheme o/ lhe Hronicum nappes l~ostratigraphic sequences. 
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Tectonical scheme of the Hronikum nappes in the southem 
part of the Nizke Tatry Mts. (after Biely et al. 1988) 

Ä 
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Okošená nappe 

Pliocene • Ouatemary sediments 

faults 
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Bedd1ng planes or Hron,cum nappes are shown by stereographic projection 
(Schmidt net, lower hemisphere). Projection of planes are represented by great circles. 
Statistic evaluation of bedding planes shows slíght bending with NE-SW oriented B-axes. 
a) Bystrá nappe, b) Svíbová nappe, c) Okošená nappe 

Fig. 5 The Hronicum nappe system in southern part oj the Nízke Tatry Mts. 

Scheme of the Hronicum nappes litostratigraphic sequences. 

Schreyeralm limeslones (lllyrian • Fassanían) 

Reifling limestones (Pelsonian • Cordevolian) 

Ramsau dolom~es ( Ladinian) 

SE 

ldealized sketch of Hronícum nappe system in Malá Fatra Mts. 

Fig. 6 The Hronicum nappe system in Malá Fatra Mts. 

Tectonical scheme of the Hronikum nappes 
in the Malá Fatra Mts. (after Rakús et al. 1993) 
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a) Folds structures of lower subordinate nappe are shown by densíty 
contour diagram of b-axes of the folds. 
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b) Beddíng planes of upper subordinate nappe are shown by stereographic projection 
(Schmidl net, lower hemlsphere). Projectíon of planes are represented by great circles. 
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P. Kováé, M. Havrila: lnner stnicture oj Hronicum 

H 

Fig. 7 A Orientation oj folds strnctures /rom abandoned quarry near village Turie is shown by ~axes oj the folds, 
Fig.7B Bedding planes are shown by stereographic projection (Schmidt net, lower hemisphere). Projection oj 
planes are represenled by great circles 

anyone of the subordinate nappes in the area of Lopejská 
valley and Bystrá foreland as Choč nappe, but he does not 
exclude that some of them originally formed together with 
an outlier comprising Veľký Choč, an uniforrn body. The 
Triassic of Hronicum subordinate nappes on the southern 
slopes of Low Tatras consists of basin type sequence 
whíle individual tectonic bodies comprise ílat bent slabs 
which frequently are strongly broken. Palaeogeographi
cally they were located in the centra! part of the Biely 
Váh Basin. Structural analysis of bedding planes docu
ments a slight refolding with NE-SW orientatíon of b-axis 
in the upper and middle partia! thrust sheet (Fíg. 5). 

A complicated inner structure of the Hronícum is 
documented by folds in nappe outlier of Kľak (Fig. 6) and 
by an abandoned quarry nearby village Turie (Fíg. 7) in 
the Malá Fatra Mts. Orientatíon of b-fold axes shows ori
entation of tectoníc transport from SE to NW. According 
to the occurrence of Schreyeralm limestones in the bed 
sequence of the upper subordinate nappe we assume its 
palaeogeographic position on the basin margin. Today we 
are not able to identify whether it was Dobrá Voda Basin 
or Čierny Váh Basin. 

Conclusion 

Hronicum represents a system of imbricated subordi
nate nappes. They occur in a form of nappe outliers which 
spatíal connectivity among individual mountains is often 
problematic. They mainly consist of Triassic members 
and only locally preserved Jurassic - Cretaceous forma
tions. The original deposition environment of Hronicum 
in Triassic we understand as a system of carbonate plat
forms and intraplatform basins - Dobrá Voda Basin, car
bonate platforrn of so called upper nappes, Biely Váh 
Basin and carbonate platform of Čierny Váh, which com
prises individual subordinate nappes of Hro:1icum. The 
inner structure of Hronicum indicates generally consistent 
direction of movement of its nappe segments. The tec
tonic transport of subordinate nappes of Hronicum in the 
area of Malá Fatra Mts., Nízke Tatry Mts. and in the area 
of Chočske vrchy Mts. is toward northwest. 
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Marginal and deep-sea deposits of Central-Carpathian Paleogene Basin, 
Spišská Magura region, Slovakia: Implication for basin history 

J URAJ JANOČKO & S TAN ISLAV J ACKO, JR. 

Geological Survey of Slovak Republic, P.O. Box 13, 04 0 1 l Košice, Slovakia 

Abstract. The sedimentary fill of the Central-Carpathian Paleogene Basin (CCP Basin) in the area of the 
Spišská Magura region consists of Bartonian to Early Rupelían marginal and deep-water deposits. The mar
ginal deposits are composed ofbreccias, conglomerates, nummulitic sandstones and limestones representing a 
transgressive systems tract. They are overlain by conglomerates and sandstones, shales wi th thick conglomer
ate and sandstone beds (deposits of lowstand systems tract) which, in tum, are overlain by shales containing 
thin sandstone and occasional conglomerate beds belonging to transgressive systems tract. The whole sedi
mentary succession is capped by alternating shale and sandstone beds of basin axial turbidite system depos
ited during lowstand of relative sea level. The main factor goveming deposition in the region is tectonics, 
which detennines the shelfwidth, slope gradient and sediment input. 

Key words: Central-Carpathian Paleogene Basin, deep-water deposits, systems tract, sea level, tectonics 

lntroduction 

The fil] of deep-marine basins rarely consists of single 
type of depositional system. Controls influencing devel
opment of a deep-water system like rate, type and source 
of sediment supply, regional bas in tectonics and sea level , 
usually change during a basin history. This is particularly 
valid for basins in an active tectonic setting where source 
areas, accommodation space and slope gradients may 
change very abruptly and thus affect type of depositional 
systems. The analysis of individual systems during the 
basin history is of main importance - it helps to under
stand distribution, connectivity, continuity and facies 
character of potential hydrocarbon reservoirs and to pre
dict the most perspective hydrocarbon prospects. 

The relatively small deformation of deposits, good 
outcrops and abundance of boreholes in the Central-Car
pathian Paleogene Basin (CCP Basin, Fig. 1) provide an 
opportunity to study sediments of indivídua! depositional 
systems evolving during the basin history. The thick 
sedimentary succession in the northern, Spišská Magura 
part of the CCP Basin, records deposition from initial 
transgression to deep-marine sedimentation. lt resembles 
successions known from the entire northern and eastern 
part of the basin (Podhale, Spiš, Levoča and Šariš re
gions, Fig. 1 ), however, some sedimentary features show 
deposition in unique subenvironments within the basin 
which makes it important for understanding basin history. 
The main objective of the paper is to describe Paleogene 
deposits, their vertical and lateral facies successions 
(facies tracts of Mutti 1992) in the Spišská Magura part of 
the CCP Basin and to draw implications for the basin 
history based on these successions. 

Geological setting 

The CCP Basin lies in the northem part of the Slova
kian lnner West Carpathians (Fíg. !). To the south it is 
bounded by the pre-Paleogene, Mesozoic and Paleozoic 
formations of the Inner West Carpathians. In the north it 
is separated from the Outer-Carpathian Flysch zone by 
the Pieniny Klippen Belt. The basin is developed in a 
forearc position on the proximal part of the accretionary 
wedge above the southwestward subducting oceanic slab 
attached to the European Platform. The kinematic history 
of the basin is mostly explained as a result of the escape 
tectonics of the North-Pannonian unit caused by the 
obl ique subduction of the oceanic crust of the Outer Car
pathian Flysch trough beneath the North-Pannonian unit 
(Csontos et al. 1992). However, the subduction is not 
proved directly, the volcanic are is not developed and 
there is only minor evidence about ultrabasic rocks 
(Soták, Bebej & Biroň 1996) of uncertain origin (in situ? 
redeposited?) in the CCP Basin till. The tectonics and 
sediments of the basin suggest a complex kinematic his
tory with prevailing extensional regime and minor com
pression mostly occurring along the Pieniny Klippen belt. 
The e longated, crescent-shaped basin is about 200 km 
long; the maximum width is about 60 km. The northem
most part of the basin extends to the Poland where it is 
called the Podhale Basin (Fig. 1). The basin deposits of 
subaerial and marine origin with stratigraphic range Pa
leocene - earliest Miocene (Egerian) reach thickness 
around 4 OOO m. The sedimentologic investigations (e.g. 
Marschalko 1964, 1968, 1978, 1982) resulted in a 
concept of prevailing deep-water deposition by turbidity 
flows during the basin history. Some authors divide the 
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basin fill into two sedimentary cycles (e .g. Rudinec 
1989). The lower cycle is represented by shallow-marine 
transgressive deposits ahd deep-water dark shales also 
called „subflysch deposits" (Borové Fm. and Huty Fm. of 
Gross, Kohler & Samuel 1984). The upper cycle is repre
sented by sandy turbidites (Zuberec Fm. and Biely Potok 
Fm. of Gross, Kohler & Samuel 1984 ). 

Geological map of study area 
~ Mesozoic rocks 
D Basa] breccias 
W Conglomerates and sandstones 
D Black and blackish-brown shales 

with thin sandstone beds 
D Altemating sandstone and shale beds 
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[2J Geological boundaries 

Location map of CCP Basin 
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The lower cycle deposits originated during initial 
transgress ion from NW and N and following abrupt deep
ening (co llapse) ofthe basin causing deposition in a deep, 
anoxic environment (Gross et al. 1980, Baráth et al 1997, 
Buček et al. 1998). The pelagic deposits, condensed de
posits expressed by manganese beds in the Poprad De
pression, and "menilite-like" deposits have been thought 
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Fig 1: Location map o/ the study area also showing the position o/ the CCP Basin in the West Carpathian system and indivídua} 
parts o/ the bas in. 
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to record deposition during sea level ríse and highstand. 
The collapse also caused a deposition of "muddy turbíd
ites, flysch sediments and scarp breccias" in the Šambron 
Depression nearby the Pieniny Klippen Belt (Baráth et al. 
1997, Fíg. 1). The upper sedímentary cycle of the Cen
tral-Carpathian Paleogene Basin is supposed to be devel
oped during the lowstand as a prograding lowstand wedge 
with a complex deep-sea fan zones (Baráth et al. 1997). 
On the basis of opposite palaoeflow directíons in the de
posits of the upper sedimentary cyc le, two maín depos í
tional systems entering the bas ín from the west and 
south-east have been assumed . These systems shou ld 
merge together in the a rea of Spiš and Poprad Depres
síons. The area was ínterpreted as the deepest part of the 
basin (Marschalko & Radomski 1960). However, our 
research suggests divísion of the basin into two basic 
subbasins separated by a submarine elevation trending 
in NE-SW dírection and cons isting of Štrba treshold and 
Ružbachy elevation (Janočko et al. 1998). Although the 
tectoníc development of the subbasi ns was simi lar, each 
bas ín has its own deposítíonal systems and own 
sedimentary hístory . The fans developed along the basin 
axis, however, the lateral sediment input into the basin 
was also described (e.g. Marschalko 1964, Westwa
lewicz-Mogilska 1986, Wieczorek 1989). In the studied 
area the deposíts latera ll y entering the basin are 
represented by breccias, conglomerates and sandstones 
described as basín marginal facies (Marschalko & 
Radomski 1960) or Tokáreň Fan (Westwalewícz
Mogilska 1986). 
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Fig. 2: Stratigraphy of the deposits in the studied area. 
According to Gross, Kähler & Samuel ( 1984) the unit 1 depo
sits represent Borové Fm., unit 2 deposirs represenr Huty Fm. 
and unit 3 deposits represent Zuberec Fm. The units 1 and 2 
are somelimes defined as /ower sedimen/Clry cycle, rhe unit 3 is 
refferred to the upper sedimentary cycle. TST are represented 
by unit I and subunits 2-3, subunits 2-1 , 2-2 and unit 3 cum
priese LST. 

The studied area, occurring in the northern Slovak 
part of the CCP Basin, belongs to the Spišská Magura 
region (Fíg. 1 ). The stratigraphy of this region consists of 
Mesozoic and Paleogene units (see Fig. 2). The pre
Paleogene units are represented by Mesozoic rocks of the 
Krížna nappe, cropping out in the western (Tatric) and 
middle (Ružbachy) parts of the region , and by the Meso
zoic sequences of the Pieniny Klippen belt separating the 
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regíon from the Outer Carpathian Flysch zone to the 
northwest. The Paleogene deposits (Fíg. 2) consist of ba
sal formation (Borové Fm. sensu Gross, Kohler & Samuel 
1984) overlain by dark shales with minor sandstone and 
conglomerate beds (Huty Fm. of Gross, Kohler & Samuel 
1984) and thick, laterally restricted body composed of 
poorly sorted conglomerates, mudstones and sandstones 
(Púcov Mb. of Gross, Kohler & Samuel 1984, Mar
schalko-Radomski 1960, Tokáreň Fan of Westwalewicz
Mogilska 1986). The whole Paleogene succession is 
capped by shales alternating with variable thíck sand
stones which are assumed to be a part of the basin upper 
sedimentary cycle by some authors (Zuberec Fm. of 
Gross, Kohler & Samuel 1984, Fíg. 2). 

Description of sedimentary successions 

The post-Paleogene uplift of the Mesozoic and Paleo
zoic rocks of the High Tatras Mts. (ca. 15 Ma ago, Kráľ 
1977, Fíg. 1) also elevated the oldest, buried Paleogene 
deposits which now flank the slopes of the mountains. The 
profile from the mountains toward the deeper parts of the 
basin provides a complete section through the Paleogene 
sedimentary success ion in the region. The sections obtained 
from outcrops were compared to archíve boreholes 
penetrating the Paleogene succession. The thickness of the 
deposits in the studied area is about 1 600 m and it 
probably represents on ly a fragment of the original sedí 
mentary fill thickness . Based on clay mínera! analysis and 
vitrinite reflectance data the postsedímentary uplift of at 

least 2 km is assumed 
in the area close to the 
Pieniny Klippen Belt in 
the northem part of the 
studied area (Milička 

1998). This is sup
ported by data from the 
Levoča Mts. located to 
the south of the studied 
area where a similar 
amount of uplift is 
suggested (Kotuľová, 

Biroň & Soták 1998). 

The sed imentary succession was divíded into three 
1 ithologica l units (F ig. 2). 

Brecc ías, conglomerates, sandstones and sandy lime
stones comprise the base ofthe succession (unit ]). The age 
of the unit, determined by analysis of nummulíte fauna, is 
the late Middle Eocene and Late Eocene (Late Bartonían 
and Príabonian, P 14 - P 15 zo nes of planktonic fora
minifera, Janočko et al. 1998). The overlying deposits of 
unit 2 consist of three subuníts: subunít 2- 1 is composed of 
thíck conglomerates fillíng an eros ional scar cut ínto unit 
1 and Mesozoic basement; subunit 2-2 consists of dark 
shales containíng up to 5 m thíck bodies of conglomerates 
and thi ck sandstone beds; and subunít 2-3 is composed of 
dark shales with minor thin sandstone and conglomerate 
beds. The uppermost unit 3 comprises altemating sand
stones and dark shales. The analysis of nanoplankton and 
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benthic foraminifera yielded the age ranging from the late 
Middle Eocene (Bartonian) to the lowermost Oligocene 
(Early Rupelian; NP zones 17 -21) for both units 2 and 3 
(Janočko et al. 1998). Unit 2 contains redeposited large 
foraminifera of Early to Middle Priabonian age (Pl5 - P16 
zones) and unit 3 contains redeposited large foraminifera of 
Early to Late Priabonian age (P 16 - P 17). 

Unit 1 

In the studied area unit I consists, from base to top, of 
two subunits represented by basal breccias, conglomer
ates and mi nor sandstones (subunit 1-1) and nummulitic 
sandstones and nummulitic sandy limestones (subunit 
1-2). The maximum thickness of the unit is about 80 m 
but it is from a greater part reduced by erosion of the 
overlying subunit 2-1 . 

Fíg. 3: Massive breccias of subunit 1-1 representing the basa/ 
Paleogene deposits in the studied region. The bar for scale is 
2 m /ang. 

The breccias of subunit 1-1 consists of angular dolo
mite and limestone clasts derived from the directly un
derlying Mesozoic basement. Massive, clast-supported 
structure prevails although minor layers of matrix-sup
ported breccias also accur. The matrix is composed of 
poorly sorted silty sandstone occasionally containing fine 
pebbles. The clast size varies from a few centimeters up 
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to 1 m. Intemal organization is very poor, the clast orien
tation is random (Fig. 3) and it is mostly not possible to 
discem the individual beds. If the beds are observable, 
they are 1 to 2 m thick _and have sharp base. 

The breccias are overlain by massive, clast-supported 
conglomerates of subunit 1-1 . The boundary between the 
breccias and conglomerates was not observed at any sec
tion and is not clear. The conglomerates consist of 1-15 
cm angular, subangular and subrounded limestone and 
dolomite clasts. Locally it is possible to observe admix
ture of well-rounded quartz clasts having a size about 
0.5 - 2 cm which comprises up to 10% of the sediment. 
Also redeposited tests of nummulites occur locally. The 
rnatrix consists of poorly sorted, rnedium- to coarse 
grained sandstone. The thickness of sharp and scoured 
based beds varies from 1 O - 40 centimeters. The beds are 
separated by rnedium-grained, rnassive, parallel and 
cross-laminated sandstones cornprising sharp-based beds 
up to 30 cm thick. The conglomerates and sandstones are 
often arranged into 6 - 8 m thick upward tining cycles. 
Amalgamation ofbeds can be locally observed. 

Subunit 1-2 consists of sandstone, pebble sandstone 
and occasional sandy lirnestone containing nurnmulites . 
The boundary to the underlying basa! breccias and con
glomerates of subunit 1-1 is gradational. Sometimes the 
subunit directly overlies the Mesozoic limestone. The 
coarse-grained sandstone is massive, medium sorted and 
it contains nurnmulite tests and occasional angular and 
subangular pebbles of carbonates. Due to poor outcrops it 
is not possible to give more detailed characteristics of the 
subunit. The age, based on nummulite analyses (Janočko 
et al. 1998) varies from the Late Bartonian to the Pria
bonian (P 14 - P 15 zones of planktonic foraminifera). 

Unit 2 

Unit 2 consists of three subunits which are cornposed 
of thick conglomerate and sandstone body (subunit 2-1), 
dark and black shales altemating with thick conglornerate 
and sandstone beds (subunit 2-2) and dark and black 
shales with se ldorn thin conglomerate and sandstone beds 
(subunit 2-3 , Fig. 2) . 

Subunit 2-1 consists of a thick conglornerate and 
sandstone body. Coarse-grained conglomerates and sand
stones, reaching about 200 m thickness, overlie an ero
sional scar which cuts into the deposits of unit 1 or 
directly into the Mesozoic rocks. The vertical incision 
into the unit I is up to 60 rn . The overall trend of sand
stone occurrence in the subunit is increasing upward - in 
the lower part of the profile conglornerates prevail, in the 
upperrnost part the conglomerates only form thin beds in 
sandstones (Fig. 4). 

The conglornerates are mainly clast-supported and 
consist of angular and subangular clasts of Mesozoic car
bonates (about 80%) and shales (1 - 2%), subrounded and 
well-rounded quartz clasts (about 10%), crystalline clasts 
(granitoids, rnelaphyres, cherts, 5%) and angular and 
subangular clasts of older Paleogene rocks (sandstones 
containing numrnulites and bryozoa, conglornerates, dark 
shales, 3%). The sandstone and sandy limestone clasts 
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Fig. 4: Sedimentary log showingfacies succession ofsubunit 2-1 overlying subunit /-/ . Note an increasefrequency of sandstone 
beds on the top of the succession. l - c/ast-supported conglomerates, 2 - matrix-supported conglomerates, 3 - sandstone, 4 - cross 
stratification, 5 - paral/el lamination, 6 - trough cross-stratification 

contain Nummulites brongniarti D'ARCHIAC and Nummu
/ites puschi D'ARCHIAC suggesting their Late Bartonian age 
(planktonic P 14 zone). The clast size ofthe conglomerates 
is variable (dolomite clasts up to 100 cm in diameter were 
observed) and does not show any trend along the profile. 
The beds are 30 cm to 2 m thick and in the lower part ofthe 
unit they are often amalgamated, fonning up to IO m thick 
bodies separated by thin sandstone beds (Fig. 5). The 
thickness and frequency ofbeds decreases upward (Fig. 4). 
The base of the beds is sharp and erosive. Flute casts 
developed at the base of some beds in the up per part of the 
unit show palaeoflow direction toward east. Maršalko & 
Radomski (1960) found palaeotlow indicators suggesting 
transport toward N in the lower part of the unit. The 
conglomerates are prevailingly massive in the lower part 
and normally and inversely graded in the upper part. The 
conglomerate beds are separated by pebbly sandstones 
and medium to coarse-grained sandstones. The sand
stones are horizontally laminated and cross-stratified, 
occasionally nonnally graded (facies F 4, 5 and F6 of 
Mutti 1992). Water-escape structures are common 
(Fig. 6). The pebbles in pebbly sandstones either t1o·at in 

sandy matrix or they form bases of scours. The sharply
based sandstone beds are from a few centimeters to 
80 centimeters thick. 

Subunit 2-2 consists of black and blackish-brown 
shales altemating with thick conglomerate and sandstone 
beds. The shales have macroscopically massive appear
ance and in thin sections they occasionally show a faint 
paralle l lamination. The Rtg analysis reveal quartz and 
sericite as main shale minerals . The carbonate content is 
low with mean value 7%. The mean TOC content is 0 .7% 
(Milička 1998) . 

The medium-grained, lithic and compositionally im
mature sandstone, interbedding shales of subunit 2-2, is 
massive, non-graded and corresponds to F5 facies of 
Mutti ( 1992) or facies S3 of Lowe (1982). The sharply 
based beds are 5 to 30 cm thick. Exception is a con
spicuous, 4 m thick sandstone bed set at the top of the 
subunit. lt consists of medi um grainedmassive sandstones 
(Mutti's F5 facies) and contains rip-up mudstone clasts in 
the lower part of the beds. The individual beds are 30 -
50 cm thick, amalgamated and occasionally separated by 
shale drapes. The base of beds is sharp and scoured. 
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The sharply-based conglomerate beds of subunit 2-2 
are up to 5 m thick. The clast-supported conglomerates 
prevail , and the roundness, grain-size and composition of 
clasts strongly varies in the individual conglomerate beds. 

Fíg. 5: A/terna/ion of conglomerates and sandstones in the 
upper part of the canyon fil/. The size of the c/iff on the pholo is 
aboul 15 m 

J. Janoéko, S. Jacko: Marginal and deep-sea deposils ... 

The most frequent are subangular clasts of dolomites 
and limestones having a size from I cm to 40 cm. Quartz 
clasts, up to 5 cm in size, are well rounded and usually 
represent about 5 - l 0% of all clasts. Crystalline clasts 
and clasts derived from underlying Paleogene deposits 
(shales, sandstones and conglomerates) are of minor oc
currence. The orientation of clasts is random. The con
glomerates are mostly massive, norrnal grading is less 
frequent. 

Subunit 2-3 consists of dark and black shales rarely 
interlayered by thin sanstone beds and occasional con
glomerate beds. The subun it is separated from the under
lying subunit 2-2 by a gradational boundary marking a 
decrease of thick conglomerate bodies. The boundary is 
tentatively given above the thick sandstone bed set of the 
subunit 2-2 (Fig. 2). The dark and black shales are similar 
to shales of subunit 2-2. Macroscopically they are mas
sive and in thin sections they show a faint parallel lami
nation. The sharply based conglomerate beds are up to 1 O 
cm thick. The prevailingly clast-supported, pebble con
glomerates are massive and sometimes they are nonnally 
graded. The clast composition is the same like in the 
subunit 2-2. The sandstone beds are up to 20 cm thick and 
have a sharp base. They are composed of medium and 
fine-grained sandstone. The sandstone is massive and 
rarely it is parallel and ripple-cross laminated showing 
Bouma's T bcd and Tcd divi sions (facies F9 of Mutti 1992). 

Unit 3 

Unit 3 consists of altemating sandstone and shale beds 
and occasional thin conglomerate beds. The transition 
from unit 2 is gradual and marked by increasing fre
quency and thickness of sandstone beds. The altemating 

Fíg. 6: Coarse-grained, normally-graded sandstone of subunit 2-2 wilh water-escape structure. Note the 
sharp base of overlying conglomerates. The deposits are interpreted as a part of a canyonfi/1 
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sandstone and shale deposits may be divided into two 
subunits based on sandstone:shale ratio and sandstone bed 
thickness . The spatial distribution of both subunits varies 
both vertically and laterally. 

Subunit 3-1 consists of black and dark brown mas
sive and horizontally laminated shales, and occasional 
ripple-cross laminated si lt streaks alternating with sand
stone beds with sandstone : shale ratio from 1 : 2 to 
1 : 4. The sandstone is fine and medium-grained, 
massive or horizontally and ripple cross-laminated 
(facies F5 and F9 of Mutti 1992). The thickness of beds 
usually does not exceed 15 cm. Laterally they pinch out 
very slowly, in a 2.5 km long section a 30 cm thick bed 
thinned to 5 cm thick bed (Fíg. 7) . The base of beds is 
sha rp and scoured and frequently loaded, flute casts and 
groove marks indicate a palaeotlow direction toward SE 
and E. The conglomerate beds are sharp ly-based and up 
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to 15 cm thick. The exception is a 30 m thick slump 
body composed of conglornerates with chaotic structure. 
The conglomerates consist of Mesozoic carbonates , 
quartz, granitoids, metarnorphic rocks, Mesozoic and 
Paleogene sandstones and shales. 

Subunit 3-2 consists of alternating sandstone and shale 
beds with ratio 1: 1, 1 :2 (Fíg. 8). The shales have the same 
characteristics as shales in subunit 3-1 , the massive and 
normally graded sandstones are medium to coarse
grained, faintly horizontally and ripple cross-laminated. 
The thickness of sandstone beds varies from 5 cm to 70 
cm, sometimes they laterally pinch out. The base of beds 
is sharp, scoured with flute casts and groove marks sug
gesting palaeotransport direction toward east and south
east. Occasionally, starving ripples and synsedimentary 
slump folds occur (Fíg. 8). In the sandstone nummulites 
ofthe Priabonian age were found. 

1000 1 500 2 OOOm 

Fig. 7: lateral pinching out of overbank deposits of unit 3. The scheme is based on the logging of a 2 km long 
outcrop nearby Matiašovce (for /oca/ion see Fig. /) . 

The massive matrix- and clast-supported conglomer
ates comprise sharply-based beds tens cm thick. The 
clasts are 1-3 cm in diameter and are composed of car
bonate rocks, quartz and rarely of crystalline rocks. 

lnterpretation 

Unit 1 

The features of the breccias of subun it 1-1 , sharp
edged clasts of coarse grave! to block size, poor sorting, 
weak interna! organization as we ll as composition of 
clasts derived from the directly underlying Mesozoic 
basement, suggest extremely short transport during depo
sition. The lack of interna! organization of the breccias 
and the occurrence of large carbonate clasts suggest pre
vai l ing rock ťali depositional mechanism in front of cliffs 

of a high relief shore. The overlying conglomerate beds 
separated by sandstones are better internally organized. 
The scoured and sharp bases of conglomerates , their mas
sive character, poor sorting, occurrence of separating par
allel and cross-laminated sandstones and fining-upward 
trend in 6-8 m thick cycles hint at deposition by fluctuat
ing traction flow. The admixture of rounded quartz clasts 
in the conglomerates, which do not occur in the sur
roundings of the studied area, suggests a distant source 
area. We think that these sediments were deposited on a 
high gradient slope in a delta fan environment by hyper
pycnal flow (e .g . Bornhold & Prior 1990). The quartz 
clasts were transported by a fluvial system and distributed 
in a fan delta . The fluctuation of the flow was probably 
cuased by allocyclic mechanism (tectonics?, c limate?) . 

Poor outcrops of the numrnulitic sandstone and sandy 
limestone forming subunit 1-2 does not allow to make 
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more precise conclusions concerning depositional envi
ronment. The gradual transition from the underlying con
glomerates of subunit 1-1 and the occurrence of well
preserved fragile tests of nummulites (E. Kohler, persona! 
comm. 1999) throughout the sandstone and limestone 
point to their position in situ. The lack of any tractional 
structures is thought to be a result of sediment homogeni
zation by burrowing. The presence of nummulites sug
gests an environment with water depth up to 100 m. 

Unit 2 

Conglomerate and sandstone deposits of subunit 2-1 
are interpreted as a fill of submarine canyon. The esti
mated 60 meters of incision into underlying unit I suggest 
a striking relative sea level fall. The clast composition of 
conglomerates suggest several source areas. The dolomite 
and limestone clasts were probably derived from the !oca! 
coast formed by Mesozoic rocks. The crystalline rocks 
did not occur in the vicinity of the studied area suggesting 
a distant source for the crystalline and quartz clasts. Their 
occurrence implies a continual activity of the fan delta 
yielding quartz clasts to subunit 1-1 although the type of 
deltaic system and the lithology of its source area might 
be changed. The presence of Paleogene clasts indicates 
erosion (cannibalism) of older basin fill deposits probably 
related to relative sea level fall. Nummulites brongniarti 
D' ARCHIAC and Nummulites puschi D'ARCHIAC found in 
the clasts are not of local origin; the closest area of their 
occurrence is nearby Zakopane (E. Kohler, persona! 
comm. 1999, Fíg. 1) implying efficient tranport by long

shore currents. 

The prevailingly massive conglomerates in the lower 
part of the succession are interpreted as deposits of cohe
sive debris flows (e.g. Nemec & Steel 1984, Mutti 1992, 

elson & Nilsen 1997). The frequent amalgamation and 
only minor occurrence of sandstone beds suggest ero-

J. Janočko, S. Jacko: Marginal and deep-sea deposits ... 

Fig. 8 Levee deposits of 
subunit 3-2. Note a sedimen
tary fo/d in the middle of the 
photo. 

sional ability of flows. 
Better interna! organization 
of conglomerate beds up
ward (norma! and inverse 
grading) is thought to be a 
result of deposition from 
hyperconcentrated flows. 
The flows originated by 
dilution of cohesive debris 
flows by ambient water. 
The erosional ability of 
these flows was already low 
as shown by sharp bed 
bases and increased occur
rence of separating sand
stone beds. The traction 
and water-escape structures 
of sandstones indicate 

further flow transformation to high-density turbidites (e.g. 
Nemec & Steel 1984, Mutti 1992). 

The black and blackish-brown shales with thick con
glomerate and sandstone beds comprising subunit 2-2 are 
interpreted as basin slope and base-of-slope deposits. The 
shales were deposited from suspension clouds in a subma
rine s lope (or steeply inclined ramp, Fíg. 9) environment. 
The mean TOC content O. 7% suggests weak circulation 
and intensive input of organ ie matter. 

The poor sorting, weak interna! organization and 
sharp bases of thick conglomerate beds are indicative for 
deposits of cohesive debris flows (e.g. Hampton 1975, 
Reading & Richards 1994). Rare norma! graded beds 
suggest dilution of the upper part of debris flows and gen
eration of hyperconcentrated flows (e .g. Lowe 1975, Ne
mec & Steel 1984, Mutti 1992). The conglomerates 
probably originated by slope failures on shelf edge con
nected to relative sea level fall. The excess of sediments 
on the shelf edge may be partly connected to building of 
deltaic system feeding canyon fill of subunit 2-1. 

The medium-grained massive sandstones (facies F5 of 
Mutti 1992, S3 of Lowe 1982) of subunit 2-2 are inter
preted as high-density turbidity current deposits. The gen
eration of these turbidity currents is also ascribed to slope 
failures on shelf edge during relative sea level fall. The 
compositional immaturity of sandstones implies that the 
sediments were derived from rapidly uplifted highlands 
and were not subjected to prolonged abrasion in a transi
tional, high-energy depositional setting such as beach, 
shoreface etc. lt suggests a narrow, faulted shelf (e.g. 
Bruhn & Walker 1995). 

The deposits of subunit 2-3 , consisting of dark and 
black shales, thin sandstone beds and rare conglomerates, 
are thought to be deep-water deposits originated during 
relative sea level rise. The massive and faintly parallel
laminated shales were deposited from suspension clouds. 



Slovak Geol. Mag. ., 4, 4 (/998), 281- 292 

The occasional medium and fine-grained sandstones 
showing Bouma's T bcd and Tcd divisions (facies F9 of 
Mutti 1992) were deposited by low-density turbidity 
flows. The rare massive conglomerates were probably 
deposited by debris flows generated by stonns on shelf. 
The low frequency of sandstone and conglomerate beds 
implies decreasing activity of deltaic building. 

Unit 3 

The sandstone beds alternating with shales are inter
preted as overbank deposits of a turbidite system. The 
inferred palaoeflow toward SE and E implies basin axial 
position of this system. Subunit 3-1, consisting of thin , 
laterally pinching out sandstone beds alternating with 
shales probably represents distal overbank deposits de
posited by turbidite flows spilled over channel levee (e.g. 
lmperato & Nilsen 1990, Janočko et al. 1998). The very 
slow lateral thinning of beds suggests positive morphos
tructure of this part of a turbidite system. The higher fre
quency and increased thickness of sandstone beds of 
subunit 3-2, as well as abrupt pinching out, synsedimen
tary folds and starving ripples indicate deposition on 
levee slope closer to the channel. 

The massive, sharply based conglomerates with mas
sive and chaotic structures are interpreted as slump and 
debris flow deposits generating by slope failures. The 
occurrence of crystalline rocks in the clast composition 
suggest a constructive phase of deltaic building. The de
posits of unit 3 are thought to be originated during rela
tive sea level ťali. 

lmplication for basin history 

The composed sedimentary succession in the region of 
Spišská Magura consists of basa! breccias and conglom
erates overlain by nummulitic sandstones and limestones 
(unit 1) which are, in turn, overlain by coarse-grained 
canyon fill deposits (subunit 2-1 ), shales with thick con
glomerate and sandstone beds (subunit 2-2) and shales 
containing thin sandstone beds (subunit 2-3). The whole 
succession is capped by alternating shale and sandstone 
beds (unit 3, Fíg. 2). Based on biostratigraphy, the age of 
the succession is ranging from the Late Bartonian to the 
Early Rupelian. 

The lowermost deposits of unit I were deposited dur
ing marine transgression and represent transgressive sys
tems tract (Fíg. 9). The first marine incursion to the 
studied region is assumed to be from the W, NW and N 
(Gross et al. 1980, 1993). The conglomerates prevailingly 
consisting of carbonate clasts suggest rugged coastal 
relief gradually destructed by marine erosion. A minor 
amount of the conglomerate clasts is composed of quartz 
from distant source area. The occurrence of quartz and 
the conglomerates separated by sandstones imply deposi
tional system of a fan delta on a high-gradient shelf. 
However, the more intensive deltaic deposition was 
probably suppressed by rising sea level. 

The coarse-grained deposits of subunit 2-1 and shales 
with conglomerates and sandstones of subunit 2-2 are 
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thought to be deposited during relative sea level fall rep
resenting a lowstand systems tract (Fíg. 9) . The clast 
composition of the conglomerates suggests several 
sources and input of sediments by both deltas and long
shore currents. The occurrence of clasts composed of 
older Paleogene rocks (Bartonian, P 14 zone indicated by 
Nummulites brongníarti D' ARCHIAC and Nummulites 
puschi D' ARCHIAC which are not common in basa! de
posits of the studied region) implies an important role of 
tectonics in the basin evolution which probably was the 
main factor triggering the change of relative sea level in 
the basin at that tíme. The basa! deposits of unit I repre
senting transgressive systems tract should be located on 
the basin margin and all the older Paleogene deposits 
should be Iocated more basinward, thus stratigraphically 
below them. lf the sea level ťali during the deposition of 
subunits 2-1 and 2-2 was induced by eustatic sea level fall 
we should first expect erosion of the unit I deposits and 
only after then erosion of older Paleogene deposits. The 
clasts composed of Bartonian rocks in the canyon fill and 
conglomerate bodies of subunit 2-2 suggest tectonic uplift 
of some basinal parts composed of older Paleogene de
posits which became source areas for canyon fill deposits 
and subunit 2-2 conglomerates. According to Maršalko 
and Radomski ( 1960) the palaeoflow was toward N 
indicating lateral sediment input into the basin. 

The shales of subunit 2-3 reflect deposition in a quiet, 
low-energy environment during rise of sea level. The oc
casional thin beds of sandstones represent low-density 
turbidites probably generated by storms on shelf. 

The gradual transition to the unit 3, interpreted as tur
bidite system deposits, suggests lowering of relative sea 
level. The nanoplankton from these deposits was mostly 
assigned to the nanoplankton zones NP 20-21 suggesting 
building of this turbidite system on the boundary between 
Eocene and Oligocene. The palaeoflow direction was 
parallel to the basin axis and oriented toward SE and E. 

The main processes involved in formation of sedi
mentary succession are sea level variations , tectonics, 
sediment supply and climate (Rasmussen 1997). Com
parison of the sea level curve inferred from our research 
to the eustatic sea level for Middle and Late Eocene and 
Early Oligocene (according to Abreau & Anderson 1998) 
shows little match (Fig. 9) suggesting that the eustatic sea 
level variation was not the main trigger responsible for 
the sedimentation in the investigated part of the CCP Ba
sin. Similarly the climate during the Late Eocene and 
Early Oligocene was stable (Brinkhuis 1994) and proba
bly did not influenced the sedimentation. It seems that the 
most important factor influencing sedimentation was the 
tectonic activity. It controlled basin size and shape, can
yon floor gradient, shelfwidth and local relative sea level 
(e.g . Stow et al. 1985, Mutti & Normark 1987) determin
ing the type of sedimentation and resulting sedimentary 
succession. 

Conclusion 

The sedimentary fil( ofthe northern Slovak part ofthe 
CCP Basin (Spišská Magura region) consists of three 



290 
J. Janočko. S. Jacko: Margina/ and deep-sea deposits ... 

relative sea 
level 

+ 
D 

/ ,,. 
\ 

\ 

C \ 

\ 
\ 

1 

B 

--
\ 

A \ 
\ 

\ 

eustatic sea 
level 

+ 

.§ 
Q) 
o.. 
~ 

ä .... 
d o 

.o 
Cl:! .... .... 
~ 

ä ...... 
d o 
~ 
i:Q 

Fig. 9: Block.díagrams showíng development of the studied deposits in a time successíon and comparision to the inferred and 
eustatic sea level curve. The eustatic sea level curve after A breu and A nderson J 998. LST - lowstand syslems lract, 
TST - transgressíve systems tract. The arrows in the block.diagrams B and D show the maín palaeocurrent directíons. 

main lithologic units (Fig. 2) reflecting the basin sedi
mentary and tectonic history: 
• Unit I consisting of basa! breccias, conglomerates and 

nummulitic sandstones and sandy limestones; 
• Unit 2 consisting of coarse-grained canyon fil!, shales 

with thick conglomerate and sandstone beds and 
shales with thin sandstone and occasional conglom
erate beds; 

• Unit 3 consisting of altemating shale and sandstone 
beds 
The age of unit 1 ranges from the Late Bartonian to 

the Priabonian based on nummulites analyses (planktonic 
foraminifera zones Pl4-Pl5). The age ofunits 2 and 3 is 

constrained by nanoplankton zones NP 17 - 21 (Bartonian 
- Rupelian). The redeposited large foraminifera in the 
unit 2 deposits indicate early and middle Priabonian age 
(P 15 - P l 6 zo nes). The occurrence of redeposited large 
foraminifera in the unit 3 deposits suggest early to late 
Priabonian age (Pl 5 - P 17 zones). 

Unit I was deposited during marine transgression in 
the Late Bartonian and Priabonian and represents trans
gressive systems tract. The sed imentation occurred on 
relatively steep ly inclined shelf. 

Unit 2 is composed of three subunits . The coarse
grained deposits of subunit 2-1 and shales wíth thick con
glomerate and sandstone beds represent the lowstand 
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systems tract. The relative sea level ťali during this phase 
is mainly assigned to the local tectonic activity. The 
subunit 2-3 consisting of shales with thin sandstone and 
conglomerate beds represents the transgressive systems 
tract. 

Unit 3 is composed of altemating sandstone and shale 
beds and represents the lowstand systems tract. The 
deposits are part ofthe basin axial turbidite system. 

The timing and environmental interpretation of the 
studied deposits provides some new knowledge on the 
CCP Basin history. The most important determinant gov
eming the sedimentation seems to be tectonics. We also 
suggest that the shales of subunit 2-2 does not necessarily 
represent a deep water deposition during one sedimenta
tion cycle as assumed so far ( e.g. Baráth et al. l 997, 
Buček et al. 1998). We did not find any striking evidence 
of an abrupt bas in subsidence ( often termed as a collapse) 
neither in the studied area of the CCP Basin nor in the 
neighbouring area of the Tatras where a continual succes
sion ofMesozoic rocks can be found. Contrarily, we think 
that the subunit 2-2 shales may represent deposition dur
ing lowstand of relative sea level. However, our interpre
tation is still preliminary and we need further regional 
data to support our study. 
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Freshwater gastropods of Upper Pannonian age in the 
northern part of the Danube basin 

KLEMENT FORDINÁL 

Geological Survey of Slovak Republic, Mlynská dolina 1, 817 04 Bratislava 

Abstract: Upper Pannonian sediments of the Danube basin, that fo rm parts of the Beladice Formation and 
Hlavina Member, developed in a freshwater environment . The marginal facies ofthese sediments contain ter
restrial and freshwater gaslropod fauna. In this article, the results of terrestrial gastropods study is summa
rized and an in formation is also given on the freshwater gastropods that were systematically investigated at 
the local ities Orešany-(borehole PJD-1), Orešany-road cut, Čeľadince, Koplotovce and Jelenec. Alltogether 
12 species of gastropods belonging to IO genera were described. 

Key words: Western Carpathians - Danube basin - Pannonian - Freshwater gastropods - System 

Introduction 

Upper Pannonian sediments (in the sense of the Rôgl 
et al. , 1993) developed in a freshwater environment in the 
Danube Basin. They form parts ofthe Beladice Formation 
(F zone of the Pannonian) (Harčár - Priechodská et al. , 
1988) and of Hlavina Member (H zone of the Pannonian) 
(Fordinál - Nagy, 1997). 

No fauna of stratigraphic significance was found in the 
past in the mentioned sediments. But during the last few 
years we found stratigraphically significant taxa of mollusc 
in the marginal facies of these sediments (Fordinál , 1994; 
1996; Fordinál - Nagy, 1996; Fordinál et al. , 1996). 

The recovered association of mollusc is predominated 
by gastropods, while the bivalves, represented by the genus 
Pisidium, are of scarce occurrence. The association of 
gastropods contains both, terrestrial and freshwater forms. 
While the former were systematically studied and described 
(Fordinál, 1996; Fordinál - Nagy, 1996) this paper brings 
an information on the freshwater gastropods, especially on 
the species of stratigraphic significance (tab. 1 ). 

Tab. 1 Stratigraphic range of selected gastropods species 
(Sauerzopf, 1953; Stojaspal, 1990) 

Druhy M 1 o C EN 
p a n ó n 

A B C D E F G H 

Valvata oecsensis 

Planorbis confusus -
Anisus krambergeri -
Bathyompha/us 
moedlingensis -
Armiger 
subtychophorus -
Segmentina loczyi -
Segmentina filicincta -

Characterization of studied localities 

Freshwater gastropods from the localities: Orešany -
borehole PID-1 , Orešany - road cut, Čeľadince, Koplo
tovce and Jelenec (Fig. 1) were studied. 

Orešany- borehole PID-1 

The hydrogeological borehole PID-1 , situated about 
500 m SW of the Orešany village, was drilled in order 
to obtain a source of water for this village. The core is 
represented by the lacustrine chalk, freshwater 
limestones and green clays that grade upwards into 
rusty-spotted clays. These rocks contain a rich fauna 
represented by gastropods, bivalves, ostracodes, 
otoliths, claws of freshwater crabs and gyronites of 
characeans (Fordinál, 1994 ). On the bas is of the 
obtained fauna, these sediments were biostrati
graphically assigned to the H zone of the Pannonian . 
Previously, this sequence, was classified as a stratotype 
for the marginal Upper Pannonian sediments - the 
Hlavina Member (Ford inál - Nagy, 1997). 

While the terrestrial gastropods from th is borehole 
were already described (Fordinál, 1996), in the presented 
paper the freshwater gastropods are dealt with. 

Orešany - road cut 

In the road cut in the Orešany village there crop out 
green calcareous clays that grade upward into light-grey 
clays and further upward into light-grey rusty-spotted to 
brown clays. Conches of freshwater, terrestrial 
gastropods and tests of ostracodes were identified in 
them. Of the freshwater gastropods there occur Valvata 
helicoides STOLICZKA, Anisus sp., Segmentina filocincta 
(SANDBERGER), Bithynia sp. (operculum), l ymnaea sp., 
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Fig. I Slretch map of location of the studied outcrops and bore hole 

from terrestrial gastropods Acicula sp., Carychium 
pachychilus SAN DBERGER, Verligo callosa (REUSS), 
Gastrocopta sp., Strobilops (Strobifops) pappi 
SCHLICKUM, Strobi/ops sp., Succinea sp. , Discus (Discus) 
pleuradrus (BOURGUJGNAT), Punctum (Punctum) pro
pygmaeum ANDREAE, Oxychilus (Oxychilus) procellarius 
(Joos) and of the ostracodes Candona (Typh/ocypris) 
roaixensis CARBONELL (FORDINÁL, 1988). 

Čeľadince 

Near Čeľadince, in the field-path cut situated SE of 
mentioned village, there crop out the Upper Pannonian 
freshwater sediments (freshwater limestones, travertines 
and clays). It is a denudation remmant at the boundary 
between the Mesozoic limestones and Neogene fill of the 
Rišňovce depression . 

This occurrence is a parastratotype locality of the 
Hlavina Member (Fordiná l - Nagy, 1997). 

* - ()t11Cí0fl 

• - f\on:holc 

The following species of terrestrial and freshwater 

gastropods, preserved in a form of cores, were identified 
in the freshwater limestones:, 

terrestrial gastropods: Fortuna clairi SCHLICKUM

STRA UCH a Tropidomphalus (Mesodontopsi!.) doderleini 
(BRUSíNA) 

freshwater gastropods: Bathyomphalus moedlingensis 
Sauerzopf , Planorbis confusus Soós. 

From the greenish-grey clays, root concretions, oper
culum of gastropods of the genus Bit hyni a and ostracodes 
Candona (Typhlocypris) roaixensis CARBONELL, C. 
(Pontoniella) /oczyi (ZALÁNY I) and Candona sp. 
(FORDINÁL et al. , 1996) were encountered. 

Kop/ot ovce 

In the field below the road connecting Koplotovce and 
Jalšové villages, (about 700 m N of Koplotovce), there 
occur greenish-grey clays in which the gastropods Val-
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Plate I 

Fig. 1 Viviparus cf. semseyi H ALAVÁTS, Orešany , borehole PID-1 (22,0-22, 1 m) 
2 Valvata (Valvata) oecsensis Soôs, Koplotovce 
3 Valvata (Valvata) helicoides STOLICZKA, Orešany-road cut 
4 Planorbis confusus (Soôs), Orešany, borehole PI0-1 (22,0-22, 1 m) 
5 Anisus krambergeri (HALAVÁTS), Orešany, borehole PID-1 (36,5-36,6 m) 
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vata oecsensis (Soos), Brotia sp., ?lymnaea sp. a limax 
sp. were found . Besides gastropods fragments of crab 
claws of the genus Potamon were also found (FORDfNÁL, 
1998). 

The occurrence of fauna in the Neogene sediments 
near Koplotovce was first reported at the beginnining of 
this century. The gastropods Melanopsis Entzi BRUS., 
Pyrgu/a (Micromelania) costu/ata FUCHS., Planorbis cf. 
bakonicus HALAV., Valvata helicoides Stol., Valvata sp., 
Neritina (Néritodonta) radmanesti FUCHS., Melania nov. 
sp. and the bivalves Unio sp. and Pisidium sp" were 
described by HORUSITZKY ( 1911 ) . 

Later on, ČTYROKÝ (I 959) studied the molluscan 
fauna in the surroundings of Koplotovce. He reported that 
in the road cut north of this village, but also in the expo
sures of greenish-grey, or brownish-rusty, in places blu
ish, slightly fine, sandy calcareous clays below the road 
thee occur the following species: Theodoxus cf. moos
brunensis PAPP, Bro/ia escheri nov. ssp., Melanopsis 
Juchsi HANDMANN, Valvata äcsensis (Soós), Gyraulus 
sp., Unio sp., and Pisidium sp.(?). 

CICHA (1955) also found the ostracode fauna in the 
clays near Koplotovce. He identified the species Candona 
cf. bodonensis POKORNÝ, Erpetocypris abscisa (Rss.) 
and a test fragment of the genus Cyprideis„ 

Jelenec 

Near the Jelenec village there crop outgrey clays with 
intercalations of coaly clays in a railway cut,. 

These clays contain abundant carbonised plant chaff. 
They attain a thickness of 2 m. Amidst them, a IO to 40 
thick, irregular layer of greyish-black to black coaly clay 
is located. These clays contain shell s of gastropods 
Valvata helicoides STOLICZKA, Gyraulus cf. subptycho
phorus HALAVÁTS, Carychium sp., a calcified egg of 
gastropod and tests of ostracodes llyocypris sp., Candona 
(Bakunella) sp., Candona (Pseudocandona) marchica 
(HARTWIG), Candona (Fabaeformiscandona) cf. linea/a 
KRSTIC, Candona (Typhlocypris) roaixensis 
(CARBONELL), Darvinulla sp„ Besides ostracodes, rede
posited spherical radiolarians were also found in clays 
(FORDINÁL in IVANIČKA et al., 1998). 

Systematic part 

Class 
Subslass 
Order 
Family 
Genus 
Type species 

Gastropoda 
Prosobranchia 
Mesogastropoda 
Viviparidae 
Viviparus MONTFORT, 1810 
He/ix vivipara LINNÉ, 1758 

Viviparus cf. semsey HALAVÁTS, 1902 
(Pl. 1, Fíg. 1) 

1911 ViviparusSemseyiHALAVÁTS . - HALAVÁTS: p. 43, Pl. 1, 
Fíg. 11-12 
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Material: l specimens from Orešany, borehole PID-1 
Description: Halaváts ( 1911) p. 43 
Dimension : Pl. 1, Fig. 1 height=I 8 mm width=16,6 mm 
Occurrence in the Western Capathians: Orešany, borehole 
PID-1 (22,0-22,1 m) 
Stratigraphic range and geographic extension: The men
tioned species has been known from Upper Pannonian 
sediments ofHungary (Nagy-Berény) so far only. 

Family 
Genus 
Subgenus 
Type species 

Valvatidae 
Valvata M0LLER, 1774 
Valvata s. str. 
V a/vata piscinalis M0LLER, 177 4 

Valvata (Valvata) oecsensis Soós, 1934 
(Pl. 1, Fig. 2) 

1911 Valvala helicoides STOLITZKA. - HALAVÁTS: p. 38, Pl. 3, 
Fig. 1 

1934 Valvala (Valvata) simplex äcsensís n. f. - Soós: p. 189, 
Fig. 1 

1942 Valvala (Valvata) äcsensis Soós. - WENZ-EDLAUER: p. 83, 
Pl. 4, Figs. 1-2 

1953 Va/vataäcsensísSoós -PAPP: p.109, Pl „ 4,Figs. 12- 13 
1978 Valvala oecsensis Soós - SCHLICKUM: p. 246, Pl. . 18, Fig. 1 

Material: 2 specimens from Koplotovce 
Description: Soós (1934) p. 189 
Occurrence in the Western Capathians: Koplotovce 
Stratigraphic range and geographic extension: The occur
rence of this species was established in the F-H Zone of 
the Pannonian in Austria (Eichkogel , Trautmannsdorf, 
Rechnitz), in G-H zone of the Pannonian in Slovakia 
(Koplotovce) and in the Upper Pannonian of Hungary 
(Ôcs, Kenese). 

Valvata (Valvata) helicoides STOLICZKA, 1862 
(Pl. I, Fig. 3) 

1979 Valvata (Valvata) helicoides STOLICZKA - SCHLICKUM: p. 
407, Pl. 23 , Fig. 1 

Material : 2620 specimens from Orešany, borehole PID-1 
and 220 specimens from Orešany, road cut 
Description: Schlickum ( 1979) p. 407 
Occurrence in the Western Carpathians: Orešany, bore
hole PID-1 (4,0-4,2 m; 9,8-10,0 m; 10,0-10,4 m; 13 ,0-
13, 1 m; 22,0-22, 1 m; 28,7-28,8 m; 32,0-32,3 m; 36,0-
36, 1 m; 36,5-36,6 m), Orešany - road cut, Jelenec 
Stratigraphic range and geographic extension: This spe
cies is found in the Upper Pannonian of Hungary (Ôcs), 
in F-H Zone of the Pannonian in Slovakia (Jelenec, 
Orešany). 

Subclass 
Order 
Family 
Genus 
Type species 

Pulmonata 
Archaeopulmonata 
Physidae 
Aplexa FLEMING, 1820 
Buffa hypnorum Li NNÉ, 1758 
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Aplexa subhypnorum GOTISCHICK 

1959 Aplexa subhypnorum GOTTSCHJCK - BODA: p. 638, Pl. 
37, Fíg. 5-6 

1978 Ap/exa subhypnorum GOTTSCHJCK - GožIK - PRJ-
SJAŽNJUK: p. 71 , Pl. 3, Fíg. 2 

Material : 60 specimens from Orešany, borehole PID-1 , 
specimen (cf.) from Malé Kršteňany-quarry 
Description: Boda: p. 638 
Occurrence in the Western Carpathians: Orešany, bore
hole PID-1 (9,8-10,0 m; 22,0-22, 1 m; 28,7-28,8 m; 32,0-
32,3 m; 36,0-36, 1 m; 36,5-36,6 m), Malé Kršteňany
quarry 
Stratigraphic range and geographic extension: This spe
cies is known from Sarmatian and Pannonian of Hungary, 
Ukraine and Upper Pannonian ofSlovakia. 

Family Planorbidae 
Genus Planorbis M0LLER, GEFFROY, 1767 
Type species He/ix planorbis LINNÉ, 1758 

Pian orbis eon/ usus (Soós, 1934) 
(Pl. 1, Fig. 4) 

1934 Anisus (Anisus) confusus n.sp. - Soós: p. 194, Fig. 5 
1942 Anisus (A nisus) confusus Soós - WENZ-EDLAUER: p . 86 
1953 P/anorbis (Anisus) confusus Soos - SAUERZOPF: p. 53, 

Pl. 2, Fíg. la-c 
1954 P/anorbis confusus Soós - BARTHA: p . 178 
1955 Planorbis (Anisus) confusus Soós - BARTHA- Soós: p. 

64, Pl. 5, Fíg. 1-4 

Material : 38 specirnens from Orešany, borehole PlD-1 , 1 
specimen from Čeľadince 
Description: Soós (1934) p. 194 
Occurrence in the Western Carpathians: Orešany, bore
hole PID-1 (32,0-32,3 m; 36,0-36, 1 m), Čeľadince 
Stratigraphic range and geographic extension: The occur
rence of this species is known from the H Zone of the 
Pannonian in Austria (Eichkogel, Kônigsberg), Slovakia 
(Orešany, Čeľadince) and from the Upper Pannonian of 
Hungary (äcs, Balatonszentgyorgy). 

Genus Planorbarius 
Type species He/ix corneus LINNÉ, 1758 

Planorbarius thiol/ieri (MICHAUD, 1855) 
(Pl. II, Fig. 5) 

1942 P/anorbarius thiollieri (MICHAUD). - W ENZ-EDLAUER: 
p. 86 

1953 Planorbarius thiol/ieri (MICHAUD) - SAUERZOPF: p . 50, 
Pl. 1, Fíg. 5 

Materi al : 1 specimen from Orešany, borehole PID-1, 
Description: Sauerzopf (1953) p. 50 
Occurrence in the Western Carpathians: Orešany, bore
hole PlD-1 (36,0-36, 1 m) 
Stratigraphic range and geographic extension: The occur
rence of this species is known from the Miocene to Plio
cene of Europe. 

Genus Anisus STUDER, 1820 
Type species He/ix spirorbis LiNN É, 1758 

Anisus kr{lmbergeri (HALA VÁTS, 1911) 
(Pl. J, Fig. 5) 
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1911 Planorbis Krambergeri n .sp. - HALAVÁTS: p . 56, Pl. 3, 
Fig. 3 

1911 Odontogyrorbis Krambergeri H ALAVÁTS. sp. 
L ô RENTHEY: p. 121 , Pl. 2, Fíg. 1 7 

1934 Anisus (Odontogyrorbis} Krambergeri H ALAV. - Soós: 
p. 193 

1942 Anisus (Odontogyrorbis) krambergeri (HALAVÁTS) -
W ENZ-EDLAUER: p. 86, Pl. 4, Fíg. 6 

1953 Planorbis (Odontogyrorbis) krambergeri krambergeri 
H ALAVATS - SAUERZOPF: p. 53 , Pl. 3, Fig. la-d 

1954 Planorbis krambergeri ( H ALAV.) - B ARTHA: p. 177, 
Pl. 1, Fig. 5 

1959 P/anorbis krambergeri (H ALAVÁTS, 1903) - B ARTHA: 
p. 77, Pl. 14, Figs. 7, 10, 12 

1978 Anisus (Anisus) krambergeri (HALAVÁTS). 
SCHLICKUM: p. 250, Pl. 18, Fig. 8 

1978 Anisus (Odontogyrorbú) krambergery H ALAVATS -
GOŽIK-PRJSJAŽNJUK: p. 76, Pl. 31 , Fig. 3-5 

Material : 400 specimens from Orešany, borehole PID-1 , 
Description: HALAVÁTS {1911) p. 56 
Occurrence in the Western Carpathians: Orešany, bore
hole PID-1 (4,0-4,2 m; 9,8-10,0 m; 10,0-10,4 m; 13,0-
13, 1 m; 22,0-22, 1 m; 28,7-28,8 m; 32,0-32,3 m; 36,0-
36, 1 m; 36,5-36,6 m) 
Stratigraphic range and geographic extension: This spe
cies is found in the Upper Sarmatian of Ukraine 
(Nikolajev), Upper Pannonian of Hungary (äcs, Fonyód, 
Kenese, Tihany, Nagyvászony, Kozma) and in the H 
Zone of the Pannonian in Austria (Eichkoge1) and Slova
kia (Orešany). 

Genus Bathyomphalus AGASSIZ, 1837 
Type species He/ix contortus LINNÉ, 1758 

Bathyomphalus moedlingensis SAUERZOPF, 1953 

1953 Planorbis (Bathyomphalus} mädlingensis n. sp. -
SAUERZOPF: p . 66, Pl. 4, Fig. 4a-c 

Material : 3 specimens from Čeľadince 
Description: Sauerzopf (1953) p. 66 
Occurrence in the Western Carpathians: Čeľadince 
Stratigraphic range and geographic extension: This spe
cies is known from the H Zone of the Pannonian in Aus
tria (Eichkogel) and Slovakia (Čeľadince) only. 

Genus Armiger HARTMANN, 1840 
Type species Nautilus crista LINNÉ, 1758 

Armiger subptyclwphorus (HALA VÁTS, 1911) 
(Pl. II , Fíg. 3) 

1911 Planorbis subptychophorus n. sp. - H ALAVÁTS: p . 56, 
Pl. 3, Fig. 4 

1911 Planorbis subptychophorus HALAVÁTS. - L ôRENTHEY: 
p. 113 
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Plate II 

Fíg. 1 Segmentina !oczyi (LôRENTHEY), Orešany, borehole PID-1 (36,5-36,6 m) 
2 Segmentina /oczyi (LôRENTHEY), Orešany, borehole PID-1 (36,0-36, 1 m) 
3 Armiger subptychophorus (HALA VÁTS), Orešany, bo rehole PID-1(10,0-10,4 m) 
4 Segmentinafi/ocincta (SANDBERGER), Orešany-road cut 
5 Planorbarius thiollieri (MICHAUD), Orešany, borehole PID-1 (36,0-36, 1 m) 
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1953 Planorbis (Gyrau/us) subptychophorus HALAVÁTS -

SAUERZOPF: p. 56, Pl. 1 O, Fíg. 4a-c 
1959 Gyrau/us (G.) subptychophorus (HALAVÁTS, 1903) -

BARTHA: p. 78 
1976 Armiger subptychophorus (HALAVATS) - SCHOTr: p. 46, 

Pl. 7, Fíg. 23 

Material : 4 specimens from Orešany, borehole PID-1 
Description: Halaváts (1911) p. 56 
Occurrence in the Western Carpathians: Orešany, bore
hole PID-1 (22,0-22, 1 m; 32,0-32,3 m; 36,5-36,6 m) 
Stratigraphic range and geographic extension: The 
occurrence of this species is known from the Upper 
Pannonian of Hungary (Tihany, Kenese, Fonyód) and 
the H Zone ofthe Pannonian in Slovakia (Orešany). 

Genus Segmentina FLEMING, 1817 
Type species Planorbis nitidus MOLLER, 1774 

Segmentina loczyi (LÔRE THEY, 1911) 
(Pl. 11, Fig. 1-2) 

1911 P/anorbis (Segmentina) lóczyi nov. sp. - LôRENTHEY: 

p. 119, Pl. 2, Fíg. 18 
1953 Planorbis (Segmentina) /oczy /oczy LôRENTHEY -

SAUERZOPF: p. 64, Pl. 4, Fíg. 2a-c 
1954 Segmentina /óczyi LôRENT. - BARTHA: p. 178 
1956 Segmentina /óczyi {LôRENTHEY) - BARTHA: p. 517 
1959 Segmentína lóczyi {LôRENTHEY, 1906)- BARTHA: p. 79, 

Pl. 13, Fíg. 3-5 
1976 Segmentina loczyi (LORENTHEY) - SCHOTT: p. 47, Pl. 7, 

Fíg. 24 

Material: 27 specimens from Orešany, borehole PID-1, 1 
specimen from Orešany - road cut 
Description: LäRENTHEY (1911) p.119 
Occurrence in the Western Carpathians: Orešany, bore
hole PID-1 (9,8-10,0 m; 22,0-22, 1 m; 32,0-32,3 m; 36,0-
36, 1 m; 36,5-36,6 m), Orešany - road cut 
Stratigraphic range and geographic extension: The men
tioned species is found in the H Zone of the Pannonian in 
Austria (Eichkogel), Slovakia (Orešany) and in the Upper 
Pannonian of Hungary (Ôcs, Tihany, Fonyód, Várpalota, 
Balatonfúzfo, Tab). 

Segmentina fllocincta (SANDBERGER, 1875) 
(Pl. II, Fig. 4) 

1875 Planorbis fllocinctus SANDB. - SANDBERGER: p. 714, Pl. 
27, Fíg. IO 

1907 P!anorbis (Segmentina) fi!ocinctus SANDB. - SCHLOSSER: 

p .. 768, Pl. 17, Fíg. 33 

Material: 5 specimens from Orešany - road cut 
Description: SANDBERGER (1875) p. 714 
Occurrence in the Western Carpathians: Orešany - road cut 
Stratigraphic range and geographic extension: This spe
cies is found in the H Zone of the Pannonian in Austria 
(Eichkogel) and Slovakia (Orešany). 

Family Ancylidae 
Genus Acroloxus BECK, 1837 
Type species Patella lacustris LINNÉ, 1758 

Acroloxus lacustris (LI E, 1758) 

1955 Acroloxus /acustris (LINNÉ, 1758) - LOŽEK: p . 369 

Material: 1 specimen from Orešany, borehole PID-1 
Description: Ložek (1955) p. 369 
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Occurrence in the Western Carpathians: Orešany, bore
hole PID-1 (32,0-32,3 m) 
Stratigraphic range and geographic extension: The men
tioned species has been known from the Pliocene and 
Quatemary of Europe so far only. 
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