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Revised position and age of the Eocene deposits 
on the northern slope of the Gorce Range 

(Bystrica Subunit, Magura Nappe, Polish Western Carpathians) 

N ESTOR O SZCZYPK0, EWA M ALATA & MARTA O SZCZYPK0-CLOWES 

Institute of Geological Sciences, Jagiellonian University, Oleandry 2a, 30-063 Kraków, Pol and 

Abstract: In the Bytrica Subunit of the Magura Nappe on the southern margin of the Mszana Dolna tectonic 

window new regional thrust-sheet located on the northern slope ofthe Gorce Range has been established. The 

Tobolów-Turbaczyk thrust sheet (TIT) is 25 km long and 3 to 5 km wide. This thrust-sheet is composed of 

the Lower to Middle/?Upper Eocene deposits which reveal facies connection both with the Bystrica and 

Krynica subunits. The 1Tf is characterized by a strongly tectonized 100-250 m thick sequence ofthe Lower 

to Middle Eocene basinal turbidites similar to those of the Zarzecze Fm. from the Krynica Subunit. lt also 

cantains an extremely thick (up to 2250 m) complex ofthe Middle/? Upper Eocene chanel/lobe turbidite sys­

tem similar to the Maszkowice Mb. ofthe Magura Sandstone Formation from the Bystrica Subunit. The TIT 

is wedged between Bytrica and Krynica subunits. The Maszkowice Mb. ofTIT probably represents the de­

posits ofthe axial zone ofthe Middle Eocene Magura sandstonc fan . 

Key words: lithostratigraphy, fo raminifera, calcareous nannoplankton, Eocene, Tobotów-Turbaczyk thrust 

sheet, Bystrica Subunit, Magura Nappe, Western Carpathians. 

Introduction 

The characteristic feature of the middle part of the 

Magura Nappe in the Polish Outer Carpathians is an 

occurrence of the Mszana Dolna tectonic window 

(MDW). The centra! and most uplifted part of this win­

dow is dominated by the Ol igocene Krosno Formation of 

the Dukla Unit (Zytko et al. , 1989), whereas the narrow, 

marginal part of it is occupied by the Cretaceous-Oligo­

cene deposits of the Grybów Unit (F íg. l ). The area of 

MDW and its surroundings were the subject of funda­

mental geological investigations (see Burtan et al. , 1978 

a, b ; Mastella, 1988). We ll exposed deposits of the Ma­

gura Nappe belong to the Rača and Bystrica subunits. 

According to the detailed geological map of the Mszana 

Dolna sheet (Burtan et al., 1978 a) the southern rnargin of 

MDW is build up of the Cretaceous-Paleogene deposits 

of the so called "south peri-window" zone, which could 

be correlated with the Bystrica Subunit (Fíg. 2) . Three 

thrust-sheets were distinguished by rnentioned authors in 

thi s zone. From north to south there are: the Pon,ba 

Wielka, Koninki-Jasierí-Kustrzyca and Szumill_ca­

Frélczkowa-Lubomierz. The first two trust-sheets are ex­

clusively built up of the Cretaceous-Paleocene deposits 

and have only local significance, whereas the third one is 

composed of the Cretaceous-Eocene deposits and is of 

regional importance. 
For the last few years, the southern margin of the 

MDW has been the subject of geological investigations of 

the first author and his students, during the courses of 

geological mapping. The biostratigraphical studies have 

been carried out by the other authors . These studies 

enable us to recognize better the stratigraphy of the N 

slope of the Gorce Range and to provide a new structural 

interpretation ofthe Bystrica Subunit in this area. The aim 

of this work is to determine the litho- and biostratiraphy 

of the Eocene deposits, explain the structural pecularities 

of the Bystrica Subunit in tbe Gorce Range, and to show 

paleogeographical implicatíons of our findings. 

Lithostratigraphy 

In the Magura Nappe three turbidite complexes are 

di stinguished : Campanian / Maastrichtian-Paleocen e, 

Lower-Upper Eocene and Upper Eocene-Lower Miocene 

(Oszczypko, 1992 ; 1998). Each complex begins with 

variegated shales and passes upwards into basinal turbid­

ites, then into chanel-lobe, thick-bedded turbidítes and 

fina lly into basinal turbid ites. These complexes represent 

stratigraphic sequences and the groups of forrnations in 

the lithostratigraphic sence. In the investigated area only 

two first turbidite complexes have been recognized that 

belong to the Grajcarek (Albian-Paleocene) and Beskid 

(Lower-Upper Eocene) groups (see Birkenmajer & 

O szczypko, 1989; Oszczypko, 1991 ). 

Grajcarek Group 

The Upper Cretaceous-Paleocene strata occur between 

Olszówka and Lubomierz (Fig. 2; see a lso Burtan et al. 

1978 a). The forma! and informal lithostratigraphic units 

are used in parallel for these deposits. The oldest strata 

Geological Survey oj Slovak Republic, Dionýz Stúr Publishers, Bratislava 1999 ISSN l 335-96X 
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Fig. /. A-Position ofthe investigated area. 8-Sketch-map ofthe middle part o/ the Po/ish Carpathians. 1-Podha/e Flysch, 2-Pieniny 
Klippen BeJt; Magura Nappe: 3-Krynica Subunit, 4-Tobolów-Turbaczyk thrust sheet, 5-Bystrica Subunit, 6-Raca Subunit, 7-Siary 
Subunit, 8-Grybów Unit, S-Dukla Unit, Silesian & Sub-Silesian units, 9-Miocene on/o the Carpathians, 10-Miocene andesiles, 
11-Chabówka (BJ and Zbludza (A) sections, 12-study area. 

(Albian ?-Cenomanian), represented by spotty shales 
(Hulina Fm.), are exposed only on the slumped bank of 
the Koninki Stream (Fíg. 2, see also Burtan et al. , 1978 a, 
b; Birkenmajer & Oszczypko, 1989). The Turonian­
Senonian variegated shales of the Malinowa Fm. usua lly 
form the base of the Magura Nappe sequence 
(Birkenmajer & Oszczypko, 1989; Malata & Oszczypko, 
1990). The Senonian-Paleocene turbidite deposits over­
lying the Malinowa Fm. and followed by the Lower Eo­
cene variegated shales (Labowa Fm.) are traditionally 
referred as the so called "lnoceramian beds", though the 
name Ropianka Beds has also been used. Within these 
deposits there are several lithostratigraphic units of a 
lower rank (Fig. 3). There are : Haluszowa Fm. 

(Birkenmajer & Oszczypko, 1989; Malata & Oszczypko, 
1990), Kanina beds (Burtan et al. , 1978 a, b; Oszczypko 
et al. , 1991), Jaworzynka beds (Burtan et al. , 1978 b), 
Szczawina Sandstone (Sikora & Zytko, 1959; Oszczypko 
et al. , 1991) and the Ropianka beds. In the Olszówka­
Lubomierz area these deposits are 200-250 m thick and 
can be subdivided into three members. The lower member 
(Kanina beds, Campanian) is composed of thin-bedded 
turbidites with intercalations of turbidite limestones 
(Cieszkowski et al. 1989). These deposits are followed by 
the thick-bedded sandstones and granule conglomerates 
of the Szczawina Ss. (?Maastrichtian-Paleocene, see 
Malata et al. , 1996). The uppermost member belongs to 
the Ropianka beds (Paleocene) and is composed of thin-
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Fig. 2. Geological map o/ the Magura Nappe on the southern margin o/ Mszana Do/na tectonic window (lubomierz area partly 
after Cabaj, 1993, simplified). 1-O/igocene Krosno beds o/ Dukla Unit, 2-Grybów Unit, (3-9) Magura Nappe - Bystrica Subunit: 3-
Albian-Cenomanian deposits, 4-Cenomanian-Paleocene; Eocene: 5-Labowa Fm., 6- Zarzecze Fm., a-variegated shales, 7-Beloveza 
Fm., 8- Bystrica and Zeležnikowa / ms., 9-Maszkowice Mb. o/ the Magura Fm., 10-Krynica Subunil, 11-Grybów overthrust, 12-
Magura overthrust, 13-Bystrica Subunit interna! overthrusts, 14-Krynica overthrust, 15-faults, 16-cross-seclions. 

bedded turbidites with thin intercalations of variegated 
shales. The Senonian-Paleocene sequence of the Bystrica 
Subunit retlects global sea-level tluctuations from the 
Turonian HST through Maastrichtían-Paleocene LST to 
Early Eocene HTS (see Haq et al, 1987). 

Beskid Group 

According to earlier publications (see Burtan et al. , 
1978 b ), on the northem slope of the Gorce Range the 
Eocene deposits of the Bystrica Subunit form the con­
tínuous sequence incorporated into the Szumi,tca­
Fr,tczkowa-Lubomierz thrust sheet. However, the results 
of our investigatíons of the Eocene deposits show the 
presence of two sequences more or less the same in age. 
Based on this fact it has been possible to establish two 
new thrust-sheets: the Konina-Lubomierz (N) and 
Tobolów-Turbaczyk (S). Lithostratigraphy of these se­
quences are described separately. 

Konina - Lubomierz sequence 

labowa Shale Forma/ion. Deposits belonging to the 
Labowa Sh. Fm. (Oszczypko, 1991) occur in a narrow 

belt between Olszówka and Lubomierz (Fíg. 2). The 
lower boundary of this formation is tectonic in some 
places. The best exposures are known from the 
Lubomierz and Pon~ba Góma sections (Fíg. 3). The low­
ermost portion of the formation is represented by a few 
metres of red shales passing upwards into very thin-bed­
ded turbidites. The turbidite sequence usually begins with 
thin-bedded (1-6 cm), very fine-grained (Te), green, car­
bonate-free sandstones pass ing up to a few centimetres of 
the green shales, and finally to a few centimetres of red 
shales. The shales are mainly soft and carbonate-free. The 
green or blue shales with intercalations of thin-bedded 
sandstones are observed less frequently . In the Por~ba 
Góma section the lowermost part of this formation con­
tains one or two layers of thick-bedded sandstones (up to 
2 m) and intercalations of grey marls. The thickest sand­
stone bed reveals paleotransport from ESE. The thickness 
ofthe formation attains up to 50 m. 

Beloveža Formation. This formation is dominated by 
thin to medium-bedded turbidites (Tc+conv. and Tcd). 
Shales, varying in colour (green, grey, blue, brown and 
yellowish), distinctly prevail over sandstones. In the basal 
part of the formation there occur sequences of alternating 
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Fig. 3. Lithostratigraphic section oj the Ko11i11a-Lubomierz seq11e11ce oj the Bystrica. 1-red slw/es, 2-turbidite limestones, 3-turbidite mar/s, 4-hornstones, 5-thin to 111edi11m-bedded turbidites, 
6-thick-bedded t11rbidites, 7-thick bedded sandstones and conglomerates, 8-paleotransporr direction, 9-11u111bers oj samples, JO-barre11 samp/es, I / - Retic11lophrag111i11111 a111plecte11s 
(Grzybowski), 12-litostratigraphic 1mi1s, 13-Tíľ so/e thr11st, 14:faults. Litostratigraphic 1111its: (/-/ I) Bystrica s11b11bi1: la- Hulina Fm. , 1-Malinowa Slt. Fm. and Haluszowa Fm„ 2-Kanina 

oo beds, 3-Szczawina Ss., 4-Ropianka beds, 5-labowa Sh. Forma/ion, 6-Beloveža Forma/ion, 7-B1,strica Fm., 8 -Zelei11ikowa Fm„ 9-Mas=kowice Mb.oj the Magura Fm. , IO-M11iszek Sh. Mb., I 1-
M . 
r--1 Poprad Ss. Mb., Tíľ: 12-'ZArzecze FM., 13-Masz.kowice Mb. 
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layers of different coloured shales. Yellowish and brown 
shales are usually calcareous, while the green ones are, as 
a rule, carbonate-free. The accompanying muscovite 
sandstones are very fine-grained and thin-bedded (5-12 
cm). The medium-bedded Tbc sandstones (20-40 cm) 
appear less frequently . The thickness ofthe Beloveža Fm. 
reaches 50 to 120 m (Fíg. 3). 

The Beloveža Fm. of the Konina - Lubomierz se­
quence could be regarded as an equivalent of the Vychy­
lovka Fm. described from the northern Orava (Potfaj , 
1989). 

Bystriéa Formation. Outcrops ofthe Bystrica Fm. (see 
Oszczypko, 1991) are very easily visible in morphology, 
forming a W-E trending belt of round-off hills. In other 
papers (see Burtan et al., 1978 a, b) this formation was 
described as the "Litcko beds". 1t comprises thick -bedded 
sandstones with intercalations of the Litcko marls. The 
sandstones, 80-200 cm thick, are massive, medium to 
coarse-grained, glauconite/muscovitic with carbonate-free 
cement. The flute-casts reveal paleotransport from SW. 
The sandstone layers pass into massive marls, sometimes 
silicified, brown or blue-to-grey and whitish where 
weathered. The thickness of the individual beds of the 
Litcko marls ranges from 2 to 5 m. In the Koninki section 
(Figs. 2, 3) the marls contain 1-20 cm intercalations of 
black hornstones. The thickness of the formation is up to 
150 m (Fíg. 3). 

Zeležnikowa Formation. Equivalents of the .Zelez­
nikowa Fm. (Oszczypko, 1991) have been found in a few 
stream sections on the east of the Koninki Stream. As a 
rule, these deposits occur at the top of the Bystrica Fm. 
and at the base of the Maszkowice Mb. They are 
composed of the thin to medium-bedded turbidites of the 
Beloveža lithofacies with numerous intercalation of the 
Litcko marls . The thickness of the formation is up to 50 
metres (Fíg. 3). 

Maszkowice Member oj the Magura Formation. The 
Maszkowice Mb. (Oszczypko, 1991) is exposed only in 
the Lubomierz and Konina sections (Fíg. 2, 3). In other 
interpretations (see Burtan et al. , 1987), these beds were 
also covered by the term "Litcko beds". The best expo­
sures are Iocated in the Konina section. This member is 
represented by the thick and medium-bedded muscovite 
sandstones with infrequent intercalations of the Litcko 
marls . The sandstones are 40-200 cm thick, medium to 
coarse grained, muscovitic with illite-carbonate cement. 
They are massive, sometimes amalgamated and often 
contain rnuddy intraclasts and coalified tlakes in the up­
per portion of the beds. The intercalations of the Litcko 
marls range from 80 to 200 cm in a thickness. The marls 
are greyish and whitish where weathered. In the Konina 
section the thick-bedded sandstone and marl complex is 
followed by a 60-100 metres sequence of thin to medium­
bedded sandstone/marly turbidites. The tectonically re­
duced thickness of the Maszkowice Mb. is up to 200 m. 
The flute casts reveal paleotransport from SE (Fig. 3). 

The Maszkowice Mb. of the Magura Fm. is an 
equivalent of the Kycera Mb. of the Zlin Fm. described 
from the northern Orava (Pivko, 1998). 
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Tobolów-Turbaczyk sequence 

Zarzecze Formation. The term "Zarzecze beds" was 
introduced by Oszczypko ( 1979) for the flysch strata in 
the Krynica Subunit previously distinguished as the 
"Beloveža beds" , "hieroglyphic beds" or "sub-Magura 
beds". Ten years later the Zarzecze Fm. was established 
as a formal lithostratigraphic unit in the Krynica Subunit 
(Birkenmajer & Oszczypko, 1989; Oszczypko ef al. , 
1990). In this paper we propose to distinguish this forma­
tion in the southern part of the Bystrica Subunit, previ­
ously known as "hieroglyphic beds" sensu Burtan et al. 
( l 97 8 a, b ). Our investigations have documented that the 
lower boundary of the Zarzecze Fm. ("hieroglyphic 
beds") is tectonic what contradicts the previous opinion of 
Burtan et al. (1978 b) who considered this boundary as 
stratigraphic. This strongly deformed formation reveals 
the numerous, small, imbricated folds and trust sheets. 
The upper boundary of the formation is represented by 
the gradual transition to the Magura Fm. In the all sec­
tions (Fíg. 4) the Zarzecze Fm. is dominated by the very 
thin-bedded basinal turbid ites (Fig. 5). These deposits are 
formed by blue-greyish shales with subordinate intercala­
tions of very thin ( 1-5 cm), fine grained, ripple-cross 
laminated, calcareous sandstones (Te) . The shales where 
weathered, reveal the altemating yellow and green 
"zebra" like sequences. The thin (1-2 cm) yellow shales 
are usually calcareous and rich in Nereites irregularis 
(Schafthautl) known also as Helminthoidea irregularis 
(see Uchman,1998), whereas the olive-green shales up to 
IO cm thick are bioturbated and calcereous-free. In the 
lower and upper part of the sections, thin ( 1-5 cm) inter­
calations of the cherry-reddish shales are observed. In the 
Pon;:ba stream the lower horizon of the red shales joins 
from the south with a complex of thin to medium-bedded 
turbidites, about 100 m thick. This overtumed sequence is 
dominated by blue-greyish, fairly calcareous mudstones 
and sandstones with a few intercalations ofturbidite lime­
stones. These deposits are very rich in trace-fossil s with 
dominating Noviculichnum marginatum Ksiiti:kiewicz 
(Fig. 6) and Scolicia piana Ksiiti:kiewicz (see Uchman, 
1998). Higher in the section, in normal position once 
more, appear the "zebra" like turbidites with a few thin 
layers of red shales . The last portion of the Zarzecze Fm. 
in the Pon;:ba section is characterized by a 10-15 m thick­
ening-upward sequence followed by the first layer of the 
thick-bedded sandstones, which marks the lower bound­
ary of the Magura Fm„ In the Koninki section in the mid­
dle part of the Zarzecze Fm., a complex of at least 1 O 
metres of the mediurn to thick-bedded strata resembling 
the Paleocene/Lower Eocene Szczawnica Fm. from the 
Krynica Subunit (Birkenmajer & Oszczypko, Oszczypko 
et al., 1990) has been noticed. It is followed by a set, a 
few rnetres thick, of the very thin-bedded turbidites with 
thin intercalations of red shales and then by a few metres 
of the zebra-like yellow-green shales. The upper portion 
of the formation is represented by 20-25 m of thickening­
upward turbidite sequence terrninated by the first thick­
bedded sandstone of the Magura Fm. A similar sequence 
with the overturned middle portion of the Zarzecze Fm. 



'>-..., 
"" J, ...., 
"" 
~ 
°' ti 
'>-
V\ 

~ 
~ 
--.; 
C) 

"' ~ 
""' ~ 
-.!:! 
V)' 

o 
~ 
N 

1200 

II 00 

(m) 
1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

o 

LUBO MIE RZ KON IN A 

)(j.::}/:~):iii/ ··:-~:': 
1-- • • : .- : :· : . - •• • • • ' 

•• •• 't .. ... ·_ • •• • • • -~ • : · •• •• •• •. 

-·::·-:·:::-"_:.' ·-.·:_:i::; :.- .. 

·:-~\.'./:'.· .;:.·::_._:;,:-;:_·_·:::::_:_::_::_·.::. 

._·::-: ;: .- .-:·-:: .-.. , .. ·.· .. ·--· 

. ·•-·.· . , .. 

\\.:/.---..:: .-.-_:::-:._-..::::,:: :::: ', 

-·- :-:: -:·. ·":·-:· :·· 
· .. ··-.. . ·• . . 

••' • • _! 

·· ··· ··· ···· ·· · 
--~- -···-.. . - . . . . ' . .. . . . ' ' . .. . ' . , • . . . 

···· ····-·····- .· .. . '•, .. :--: :·•' 

: ·- . '•,' . 
·:·::;\:-' '.·::_.-;: \/.·· 

/.) :_\··:i??-.. {\.\ \. 

·. :\<r:::·'. <:: >:.:- :: : : " ... ~ . ' .. ..... . . ·•-·.· .. . . ·- . . · ... . ·.··- ·,·.· . 
. -. ':· _·:. ··-:·.: .. · ..... .. . -
... ; .. :::·~• ·:_.·. :;·:: .. -/ .. · .;, \ :\\{·_·\ .):\{\\.··:·: 

· ·.- ; , , • . · · .. . : :• .:. _; · . ... . 
. -' ::: :·: . ... ' . . ., •.\ : :: : :·: .. ::: : :·:' 

·:·-·-.... . · ... ·:·-•·, •: 

·:_:;\;(·\:/( \~- \ ::;:::: -.,.:1 

. : .. -. : .. : . : .... : . -~- ·, . 

. -.. . 

KO N IN Kl 
I• : • • • ' •, '• : • • •' ..... ·. ·•. : .. ·, .. : .. .' ·· .. , 
\: -~ : :: : ·.: :~:·-::: .: ·:,:ľ .. 
. • • . ... .. . . 

'• , '. :·•. ' •,. 
. ·.. ·."· :< ;::_·. 

. .. · •• . • . • 

-<\)\ \- /)-.-\{( ::- i~ 
. • .. . .. • , .. .. . · . · ... •,' : . :.-.. ; . 

~ 
. . 

.. . . . . . 
. _:::, :·-.. _.:.-:: .. _: :-:: :, ::,. 
. • .. , . , .· .. • ., . 
. : :·-: :· .... . ·.::: . 
. • .. . • . · .- .. . ·.· .. 

·_ :_:::/ .:::·;: ::>•;.:'\?::. ·: :-: 

·\\\{?/:' 
. -: :~: :· ... : ..... ~ .. : -:::· .. : ·-' : ., . .' 
·-:-:: ... • .. . .. 

. :_:.--:_ ..... .- :·: : :·• .·: ·-1 · ., . ' 

. ·:-: :-:. ·.'. ·: ·::." . 
' .. .... 

·.'•· .... : ::: : :·: .· -::.- : .. ·: 

" 

8 

ll0/98/N ,== 11Wl'~ 

o 

~ 7/95/N 
6195/N 

POREBAG . 

·.:.::;: __ :. ::·:. ·.·.-:::·\:_ :·, .·:·.' . :-· 
· .·. •: . : . 

... • , • .. ·•-·.· 
. ·-. . ... ' .,. " • .. 
. . . ~ .... _ ... : ·: : ľ . . · .:·: : :· . ~ . . . . ~ . ' 

• • :: : 1 · :' • ' • ,' 

· ..... . · .. .... ·. 

·'.; ;· ::···· 
.... .. ..... . . .... ... ........ 

- ··-. ' •,, . ' •,, 

/) \-·:::::: /~.-\·:: :::: ·;-ľ 

// :/:_< ;{/<: 
1„ .,. 
{-}~;::_.·;·_:::\ /\'•,·· 

~.\\\·'\'i):\:://::~ :,-: 
. . 

' • .. · ·-. . 

·;-~:·:·.- .' ··:::··:-:·· :·,::1 
.• .. , .. . · , , • .. . · . 

o 

(1 
o 

o 

o 

- 77/VM/N 

" 
- 76198/N 

- 7SN1'VN x:- ,;::::.-1 ·i ,:·· =-:= r ! .... r .... . ... .... .. ..... J;- · · I 
I·/ ťc;:> 1 ~ : r::s :1 _ :: .<< i 1i: ! . ·~;:-

a-.. ~- r.. . .. .. .. .. ... _ 11/99/N .. _ ..... _._. _._._._._. t- 60/97/N , . ....... .. ... .. 8/98/N :.-.- ..... _. _._. _._._._. _., = ~~ .. .. .. 

(1 

.. ..... .... ,, ,. 

··-·· ······ ···· 

······ ···· ·· ··-
15/92 
27/92 ľ • · ' ' ' ' ' • " " ' • 26192 
14/CJ:? 

(1 

._. _,-!...',:..~ 
(1 

'.í••······ ··· ···· 

Fig. 4. Lithostratigraphic sec/ion of the Tobo/ów-Turbaczyk sequence of the Bystrica S11bunit. Far explanations see Fig. 3. 

w 

z 

w 

@ 
o 

o 

® w 



N. Oszczypko et al.: Revised position and age oj the Eocene deposits ... 

241 

Fíg. 5 . Thin-bedded turbidites of the Zarzecze Fm. of77T in the Por~ba Stream. 

· \ , 

• 1 

Fig. 6. Noviculichnium marginatum J.:s1,-1iKlli WICZ. Zarzecze Fm. of 77T in the Por1:ba Stream. 

has been observed in the Konina section. The thickness of 
the Zarzecze Fm. could be roughly estimated as being 
between 100 and 200 m metres (Fíg. 4). The tlute cast 
measurements indicate paleotransport direction trom SW 
in the lower to SE in the upper part ofthe formation. 

Maszkowice Member of Lhe Magura Forma/ion. On 
the geological map of Burtan et al. ( 1978 a) the 
Maszkowice Mb. was distinguished as the "Magura beds" 
of the south "peri-window" facia l zone. Its age was eon-

sidered as the Late Eocene by the comparison with the 
Magura beds in the Babia Góra area. The Maszkowice 
Mb. can be traced in a belt a few kilometres wide, which 
is very well pronounced in morphology of the Gorce 
Range. This belt is dominated by a few mounts up to 
1078 m asi high (Brody - 940 m, Tobo!ów - 994 m, 
Turbaczyk - 1078 m, and Kielbasna - 950 m). From the 
south the Maszkowice Mb. is limited by the overthrust of 
the Krynica Subunit (Fig. 2). 

j 
1 
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Fig. 7. Base ofthe Maszkowice Mb. ofthe Magura Fm. ofTTT in the Koninki Stream. 

The northem edge of the Gorce Range, at the altitude 

of 700-750 m asi, is built up by the lower part of the 

member up to 150 m thick. This portion of the Magura 

Fm. was described by Burtan et al. ( 1978 a) as the "sub­

Magura beds". The base of the formation is composed of 
a few layers of thick-bedded (up to 250 cm) sandstones 

(Figs. 4, 7). They are massive, sometimes amalgamated, 
greyish in colour, fine to medium-grained and usually 

slightly carbonate. In the lowermost portion of the forma­

tion the middle-bedded (40 cm) slumped sandstones have 

been observed in the Por~ba i Koniny sections. The im­

bricated slump folds reveal the paleotransport from SE 

( 150-160°), whereas the big tlute casts indicate paleo­

transport from ESE ( 110-120°). Higher up in the section, 

15-20 m thick assemblage of thin to medium-bedded (up 

to 2-20 cm) turbidites occur, resembling the upper portion 
of the Zarzecze Fm. They also contain 5-6 m thick set of 

the thick-bedded sandstones. The thin-bedded turbidites 

are accompanied by rare intercalations of dark-greyish 
marls of the L~cko type and thin layers of turbidite lime­

stones. 
Above the "sub-Magura beds" the thick-bedded (80-

150 cm) and sometimes very thick-bedded amalgamated 

sandstones dominate. The thick-bedded sandstones usu­

ally occur in a few metre to several metre assemblages, 

whereas individual sandstone beds are separated by blue­
greyish mudstones rich in the coalified tlakes and pyrite, 

rusty where weathered. The thick-bedded sandstones are 
intercalated by thin to medium-bedded turbidites of a few 

metres, which contain 0,8 to 6 m layers ofthe dark marls . 

In comparison with typical L~cko marls those in question 

are more hard and partly silicified. 
The thick layer of the thin-bedded tlysch up to 150 m 

has been recognized in the Por~ba Góma section about 

700 m above the base of the Magura Fm. (Fíg. 4). They 

are dark-greyish, fine-grained, cross-laminated and/or 

convoluted calcareous sandstones accompanied by 

strongly bioturbated, yellow, calcareous mudstones and 

dark green calcareous-free shales. 
The uppermost portion of the Maszkowice Mb. is 

dominated by the thick-bedded sandstones, pebbly sand­
stones and granule conglomerates with rare mudstone/ 

shale intercalations. The thickness of the Maszkowice 

Mb. increases from 1200 m in the Por~ba Wielka section 

to 1800 m in the Koninki section and finally up to 2250 m 
in the Konina section (Fíg. 4). The flute cast measure­

ments indicate paleotransport from the east-south-east 

(90-120°). 
As it has already been mentioned, the Maszkowice Mb. of 
the Magura Fm. is an equivalent of the Kycera Mb. of the 
Zlin Fm. described from the northem Orava (Pivko, 

1998). 

Krynica sequence 

The southem periphery of the investigated area be­

longs to the Krynica Subunit, which build up the higher 

part ofthe Gorce Range. The frontal part ofthis subunit is 

composed of the Szczawnica, Zarzecze and Magura for­

mations (Fig. 2). The Szczawnica Fm. (Paleocene/ Lower 

Eocene) is represented by the thin to medium-bedded 
flysch consisting of calcareous sandstones altemating 
with carbonate-free or slightly calcareous shales, grey, 

bluish or black (see Birkenmajer & Oszczypko, 1989). 

This formation is followed by thin-bedded turbidites of 

the Zarzecze Fm. (Lower Eocene) with intercalations of 

thick-bedded sandstones and conglomerates of the 

Krynica Mb. The youngest deposits of this sequence are 
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developed as the thick-bedded sandstones and represent 
the Piwniczna Mb of the Magura Fm. (Lower/Middle 
Eocene, Birkenmajer & Oszczypko, 1989). This member 
is an equivalent of the Magura Sandstones in the Orava 
region (Potfaj, 1983) 

Biostratigraphy 

For the purpose of this paper small foraminifera and 
nannoplankton studies have been carried out by the sec­
ond and the third author respectively. More than 30 
foraminiferal and 80 samples for nannoplankton research 
were collected from the Labowa Shale Fm., Beloveza Fm, 
Maszkowice Mb. of the Konina-Lubomierz sequence and 
from the Zarzecze Fm. and Maszkowice Mb. of the To­
bolów-Turbaczyk sequence. The posit ion of the samples 
against litological logs are presented in Figs. 3, 4. Distri­
bution of the foraminifera and calcareous nannoplankton 
from the selected samples is presented in the Tabs. 1-2. 

All samples for nannoplankton studies were prepared 
with the standard smear slide technique for light micro­
scope (LM) observations. The investigations were carried 
out under LM at a magnification of 1024x and l 600x 
using phase contrast and crossed nicols. Several speci­
mens photographed under LM are illustrated in Fig. 8. 
It should be noticed that investigated litological units are 
generally poor both in foraminifera and calcareous nan­
noplankto·n. Most of the samples needed very thorough 
examination to find any microfossils. 

Foraminiferal assemblages 

Konina - lubomierz sequence 

labowa Sh. Fm. Foraminiferal assemblages of this 
unit display rather low diversity and consist of entirely 
agglutinated taxa (Tab. 1 ). Among tubular forms Nothia 
excelsa (GRZYB0WSKI) is the commonest. Very character­
istic assemblage has been found in sample 23/93 in the 
Por~ba Górna section (Fig. 3, Tab. l ). Glomospira choroi­
des (J0NES et PARKER) and G. gordialis (J0NES et 
PARKER) significantly outnumber the other taxa. This 
assemblage correlates well with the Early Eocene 
Glomospira acme zone distinguished in the Outer 
Carpathians (Olszewska, 1997) and also known of in 
other plaées (Kaminski et al. , 1996). The second type of 
an Early Eocene assemblage contains quite numerous 
specimens of Paratrochamrninoides and Trocharnrni­
noides beside numerous Glomospira. The samples 22/93 
(Por~ba Górna) and 5/97 (Lubomierz) are examples of the 
latter. In other samples, though assemblages are 
impoverished, the mention taxa are relatively dominant 
so, they can be roughly attributed to the same age (Fíg. 3: 
s. 14/93 - Koninki ; 16/93 , 17/93 , 19/93 - Por~ba Górna ). 

Beloveža Frn . Foraminiferal taxa are neither diverse 
nor numerous. Assemblages are dominated by aggluti­
nated forms. Calcareous specimens have also been found 
though their poor preservation makes it difficult to iden­
tify species and sometimes even genera. Among aggluti-
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nated specimens an appearance of Haplophragmoides 
walteri (GRZYB0WSKI) seems to be characteristic. The 
other species are similar to those in the previous unit 
though they are much less frequent. Calcareous benthonic 
forams such as Nuttallides trurnpyi (N UTTALL) and specí­
mens which are most likely to be representing the family 
Nodosaridae are stable and relatively common element of 
the foraminiferal fauna . In the upper part of this unit in 
the Lubomierz section (s . 8/92) piritized forms of 
Chilostornella have also been found . They are represented 
by the largest population among other taxa (Tab. 1 ). Rare 
specimens of the planktonic forms are also present though 
their species assignment has been impossible. Almost 
identical microfauna has been noticed in the Beloveža 
Fm. in the Uhryn Stream. The piritized forms of Chilo­
stornella were commonly noticed in deposits of the 
Magura Unit regarded as the upper part of the Eocene in 
age (Jednorowska, 1968; Malata, 1981 ) . The most com­
mon species, known from the Outer Carpathians, Ch. 
chilostornelloides V ASIČEK according to Olszewska has 
its range from the upper Middle Eocene to Late Eocene 
(Olszewska et.al., 1996). Recent investigations carried 
out in the described area as well as in the vicinity of 
Krynica (Oszczypko et. al., 1999) have shown that the 
assemblages with piritized Chilostomella can also appear 
slightly earlier than it has been thought. Significant pres­
ence of Nuttallides trurnpy i in the described assemblages 
cannot determine the age as this species is a common 
element of the Paleocene and Eocene deep water assem­
blages (Tjalsma & Lohmann, 1983 ). Described fo­
raminiferal assemblages from the Beloveža Fm. occur 
above the Early Eocene Glornospira acme zone and most 
probably represent Middle Eocene. 

Maszkowice Mb. In the lower part ofthe Konina sec­
tion the assemblages are not very rich but dominated by 
agglutinated taxa. The presence of planktonic species 
Acarinina bulbrooki (B0LLI) and Subbotina eoceana 
(Gumbel) in sample 1/99 indicates the Middle Eocene 
age (Toumarkine & Luterbacher, 1985; Olszewska et 
al., 1996). The specimens identified as Ammodiscus cf 
latus Grzybowski in sample 4/99 points to the upper 
Middle Eocene (Geroch & Nowak, 1984). The highest 
sample in the section 6/99 is characterised by very 
abundant piritized Chilostornel/a and quite numerous 
specimens of the family Nodosaridae. Thus, Maszko­
wice Mb. in the Konina section is not older than upper 
Middle Eocene. 

Tobolów-Turbaczyk sequence 

Zarzecze Fm. Foraminiferal samples of this formation 
were collected in the Konina, Por~ba Góma and Lubo­
mierz sections of the Turbaczyk-Tobotów sequence (Fig. 
4) . Agglutinated foraminifera are dominant group in the 
assemblages. They are moderately numerous but all to­
gether do not have a very specific character. Sample 7/99 
shows some affinities with the assemblages of the Early 
Eocene Glornospira zone. The samples 8/99 and B-93 
contain Haplophragmoides walteri (GRZYB0WSKI), Gero-
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chammina conversa (G RZYBOWSKI), Paratrochammi­
noides div.sp. in similar amount, suggesting also some 
analogy to the microfauna known from the lower part of 
the Eocene (Kaminski et. al. , 1996). Subbotina linaperta 
(FINLA Y) found in sample 8/99 is rather long-ranging spe­
cies known from the Paleocene and Eocene (Olszewska 

Slovak Geol. Mag., 5, 4(/999), 235-254 

et. al. , 1996). In sample 14/99 the presence of very small 
and piritized forms of Chilostome/la and other benthonic 
forms is worth mentioning. The precise age determination 
based on described foraminifera is rather difficult. The 
assemblages are Eocene in age and are most likely to rep­
resent Early - Middle Eocene. 

Tab. 1. Distribution o/ the foram iniferal taxa in the selected samp/es.A - abundant no/ counted. 

1:.ABOWA FM. BELOVEZA FM. ZA RZECZE FM. MASZKOWICE MB. 

171 221 231 Sl 2/ 3/ 8/ 71 81 141 BI 1/ 4/ Sl 6/ 7/ 
93 93 93 97 93 93 92 99 99 99 93 99 99 99 99 95 

Agglutinated /oraminifera 

Bathysiphon sp. 3 5 I I IO 20 5 A 20 IO 1 
Nothia excelsa 24 A A > 20 8 A IO 4 26 3 12 I I 
Hhizammina sp. 2 
nhabdammina cvlindrica 1 15 I I 
Psammosphaera sp. 1 3 3 1 

Saccammina cf. f!.nvbowskii 5 5 

Saccammina ľfJ. 8 6 2 
Ammod,scus c(. demarf!,inatux 3 3 
Ammodiscus cf latu.< 2 

Ammodiscus so. 1 4 1 
Glommptra charoides J 16 J 100 } 100 70 2 1 4 3 15 2 

Glomo.rnira stordiolis 4 3 8 16 6 9 1 2 2 1 

Glomosp,ra f{/omerata 10 3 
Glomosoira irreYUlari.f 2 2 4 1 2 
G/omospira serpem 6 1 1 

/leoohax .<O. 2 1 

Subreoohax KUllifer 1 2 1 

Subreophax scoloris 3 1 

Subreophax .<0/endidu., 4 1 1 

Hanlonhragmoides horndus 1 1 

Hap/ophraf!.moides cf. kirki 3 
HaPlr/fJhrastmoide., wolteri IO 3 7 18 27 

Hap/ophrof!,motdes sp. 7 2 1 8 1 13 IO 15 17 3 

Paratrochammínoides soo. 15 80 IO 32 3 2 20 15 4 20 2 2 5 

Tmchammmotdes SPP. 3 2 17 1 1 1 7 IO 

Ammosnh. P.ľeudonauciloculata 2 2 2 1 

Recurvoide.r SPP . 3 26 16 4 2 8 18 IO 13 1 6 2 2 5 

Smronlectammina .ľnectabilis 2 

ľrochammina sp, 3 6 20 8 4 

Gerochammina conven;a 3 2 3 14 15 IO 2 5 1 

Karrerulma cf. comformi., 1 3 

Karreru/ina horrida 2 
Karrerulma so. 
Arenobulimina so. 2 1 

Calc. benthonic fo ra minifera 

Nudo.wria lnngl,cata IO 

Nodosana sp. 1 1 

Nodo.wridae indet. 16 2 5 1 6 30 3 

Ftssurma SP. 1 

Bulimina sp. 2 

G/obobultmma SD. 2 1 

1-'ur.<enkoinidae indet. 10 

Cibicidoide., SD. 1 

Nu11al/1des trumnvi 7 3 8 2 I I 1 

Aslerif!erinu SP. 1 

Chtlostomella SDD. 28 21 7 12 50 

Anomalina/des so. 1 

Gvroidinoide., SP. 1 

Benthonics indet. 3 6 5 

Planktooic foraminifera 

Acorinma bulbrookt 1 

Ac:ariníno rnlundimarR,ínola 1 

Acormino .m 1 

Turbarotalia cf. cerroazu/ensi.ľ 1 

Globorotaloíde.ľ .ľuterí 1 

Subbotina lina{Jerto 1 

G/ohif!erina cf. cornulenta 1 

Globigerina eoceana 2 

Planklonic inde!. 1 3 IO 1 1 
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Maszkowice Mb. Foraminiferal assemblage from the 
Koninki section consists of agglut inated and calcareous 
forms (s. 7/95 - Fíg. 4 ; Tab. 1). Ne ither oftaxa are nu­
merous. Planktonic fo raminifera though represented by 
single specimens are important for the age deter­
mination. According to the taxon ranges of the species 
identified as Acarinina rotundimarginata SUBB0TINA, 
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Turborotalia cf. cerroazulensis (C0LE), Globigerina cf. 
corpulenta Subbot ina and Globigerína eoceana 
GUMBEL the age of this assemblage can be interpreted 
as not o lder than upper M idd le Eocene and not younger 
than the lower Late Eocene (T0UMARKINE & 
LUTERBAC HER, 1985; OLSZEWSKA et al. , 1996). 

Tab. 2. Distribution of the calcareous nannoplankton taxa in the selected samples. 

BEW• BYSTRICA MASZ. ZA RZECZE FM. MASZKOWICE MB. 
VEZA l'M. KOW ICE (1TJ) (TTT) 
FM. MB. 

63 9 64 66 52 3 4 60 7 1 II 12 13 1 2 8 75 76 77 6 109 11 0 70 6 
91 91 98 98 91 99 99 'J1 99 99 99 99 99 91 91 91 91 91 91 95 91 91 97 98 
N N N N N N N N N N N N N N N N N N N N N N N N 

Braarudosphaera X X X X X X X 
b1f!elowii 
Chíasmolilh,u eof{rand,.r X X X X X 
Chia:rmolíthu.r exoan:ms X 
Chlasmolilhu.r Jlif{a., X X X 
Chiasmolíthus vandis X X X X X X X X X 
Chia.rmoli1hu., solitus X X 
Coccolith,u pe/al{icu., X X X X X X X X X X X X X X X X X X X X X 
Cyclicargo/í1hus X X X X X X X X X X X 
f/or,danu.r 
Dictyococcítes b/Jectus X X X X 
D1ctvococcite., .1criosae X X X X 
Discoaster barbadíen.vls X X X X X X X X X X X 
D1.rcnaster b,fax X X X 
Díscoas1er bínodosus X X X X X 
D1scoa1;Jer def/andreí X X X X X X X X X 
Díscuaster delicatu:r X 
Ducoa.Jter distinctu.r X X X X X X 
Ducoaster kueooeri X X X X 
/Jíscoasler lodoensls X X X X X X X X X 
D1.rcoa:rter mul11radia1U:r X X X X X 
D1scoaster saioanensi.f X X X X 
Vi.,cuaľter stricw., X X X X 
Díscoaster tani X X X X X X X X 
Díscoaster tani nodifer X X X X X 
Ericsunia formosa X X X X X X X X X X X X X X X X X X X 
Ericsonia .mbduticha X 
Fa:rcic-11/ithu., .'ip X 
Helico.,phaera X X X X 
bramlellei 
Helíco.,·phaera compoc,a X X X X X 
Helíe'o.whacra díne.wmí X 
Heliľosphaera euphrali., X 
Helico.whaera heezenh X 
Helico,phaera /uphota X X X X 
Hehcosphoera cf X X 
reticu/010 

Helicosphaera X 
.veminullum 
l.vnhodolíth,u nascens X 
Neococcolíthe.r dub111s X X X X X X X X 
Pemma.'in. X X 
Puntosohaera multíoora X X X 
Ret1'·11/ofene.,1ra X X X X X 
d1c1yoda 
Rctic11/ufene.,1ra híllae X 
J<etíc11lofenes1ra X 
umb;/ica 

Sohenolíthus ed1111., X X X X 
Sphenolitlms moriformi., X X X X X X X X X X X X X X X X 
Sphenolithus X X X X 
psc11drad1ans 
Sohenulilhu., radían.'i X X X X X X X X X X X X X X 
ľaweiru cras.'ill.ľ X X X X 

ľoweím í!ammation X X X X X X X X X 
Tou-em.'í ma1m1craj•sus X X X 
7i>weiw, ocu/10111., X 
Transver.wpunlis X X 
m1/t:her 
Transver.wponli., X X 
011/c-heroide., 
Trihrachiatm X X X X X X X X X 
ur1ho.v ty/11s 
Zygrhobht/111.r bij11ga1h11ľ X X X X X X X X X X X X X X X X X 

7 
98 
N 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Fíg. 8. LM microphotographs of the selected taxa of calcareous nannoplankton. 
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Calcareous nannoplankton 

Konina-Lubomierz sequence 

Beloveža Fm. (ss. 63/98/N, 9/98/N). The examined 
samples from this fonnation (Fig. 3, Tab. 2) contain fairly 
well preserved calcareous nannoplankton assemblages of 
low diversity. The autochthonous assemblage is domi­
nated by Cyclicargolithus jloridanus (ROTH & HAY) and 
Coccolithus pelagicus (W ALLICH) whereas Zygrhablithus 
bíjugathus (DEFLANDRE), Reticulofenestra dictyoda 
(DEFLANDRE & FERT) and Sphenolithus radians GRASSE 
are less common. Because of a lack of diversity the zone 
assignment was difficult to establish. The only species 
which indicates the age is Cyclicargo/ithus jloridanus 
(ROTH & HA Y). According to Aubry (1986) its first 
occurrence takes place in the upper part ofNP 16 (Middle 
Eocene). 

Bystrica Fm. (ss. 64/98/N, 66/98/N, 52/98/N, Fíg. 3). 
The examined samples yielded the poorly preserved cal­
careous nannoplankton assemblage of very low diversity. 
The autochthonous assemblage is dominated by Cyc/icar­
golithus jloridanus (ROTH & HA Y) and Coccolithus pe­
lagicus (W ALLICH) whereas Zygrhablithus bijugathus 
(DEFLANDRE), Reticu/ofenestra dictyoda (DEFLANDRE) and 
Sphenolithus radians GRASSE are less common. The only 
species which indicates the age, zone NP 16, is Cyc/icar­
go/ithus jloridanus (ROTH & HA Y) (see Aubry, 1986). 

Maszkowice Mb. (ss. 3/99/N, 4/99/N, Fíg. 3, Tab. 2). 
The samples from this strata yielded fairly well preserved 
and moderately diverse calcareous nannoplankton assem­
blages, characterised by the occurrence of Cyc/icargo­
/ithus jloridanus (ROTH & HA Y), Ericsonia formosa 
(KAMPTNER), Zygrhab/ithus bijugathus (Deflandre), Neo­
cocco/ithes dubius (DEFLANDRE), Chiasmo/ithus grandis 
(BRAMLETTE & RIEDEL), Cocco/ithus pe/agicus 
(W ALLICH), Spheno/ithus radians GRASSE, Discoaster 
dejlandreii BRAMLETTE & RIEDEL, Discoaster binodosus 
Martini. Furthermore, the species Helicosphaera com­
pacta BRAMLETTE & W!LCOXON was identified in the 
sample 4/99/N, whose biostratigraphic range is problem­
atic. This taxon was reported by Martini and Muller 
(1986), Perch-Nielsen (1985) from the upper part of NP 
17, although, according to Aubry (1986), Helicosphaera 
compacta BRAMLETTE & WILCOXON ranges from as low 
as the upper part ofNP 16 (see also THEODORIDIS, 1984). 
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Therefore the zone assignment of the described 
formation should be based on the first occurrence of 
Cyc/icargolithus jloridanus (ROTH & HAY) and He/ico­
sphaera compacta BRAMLETTE & W!LCOXON. In 
conclusion, the calcareous nannoplankton from the 
Maszkowice Mb. belongs to zone NP 16 and it is not 
older than Late Middle Eocene. 

Tobolów-Turbaczyk sequence 

Zarzecze Fm. (ss. 60/97/N, 7/99/N, 8/99/N, 11 /99/N, 
12/99/N, 13/99/N, 1/98/N, 2/98/N, 8/98/N, Fig. 4, Tab. 
2). The samples collected from the lower part of the for­
mation (7/99/N, 8/99/N, 11/99/N, 12/99/N, 13/99/N) 
contain poorly to moderately well preserved calcareous 
nannoplankton assemblages of low diversity except for 
sample 13/99/N. The assemblages determined from sam­
ples 7/99/N, 8/99/N, 11 /99/N, 12/99/N, do not contain 
any index species except for Tribrachiathus orthosty/us 
SHAMARAI, whose first occurrence is within NP IO. At the 
same tíme the presence of Spheno/ithus moriformis 
(BRONNIMANN & STRADNER) would indicate the age of 
the samples as being not older than NP 12. The lower 
boundary of NP 12 zone is usually marked by the FO of 
Discoaster lodoensis BRAMLETTE & RIEDEL, which was 
not found in the assemblages from the samples 7/99/N, 
8/99/N, I 1/99/N, 12/99/N. In the absence of Discoaster 
lodoensis BRAMLETIE & RIEDEL the first occurrence of 
Toweius gammation (B RAMLETTE & SULLIVAN) and Dis­
coaster kuepperi STRADNER can be used to approximate 
the lower boundary of Zone NP 12 (see V AROL, 1989). 
However, the above mentioned species were not found 
either. lt is also necessary to discuss the biostratigraphic 
range of Toweius crassus (BRAMLETTE & SULLIV AN). 
PERCH-NIELSEN (1985) following B UKRY (1973), 
suggested that the bottom of the Zone NP 13 can be 
approximated by the first occurrence of this species. 
However, on the Black Sea coast, north-east of Istanbul, 
Toweius crassus (BRAMLETTE & SULLIV AN) was found in 
NP 1 1 (Varo l, 1989). Taking into account all above 
infonnation the age of the samples 7/99/N, 8/99/N, 
l l /99/N, 12/99/N should be determined as not older than 
NP 12. 

Younger assemblage was obtained from sample 
13/99/N (Fíg. 4). The assemblage is characterised by the 
occurrence of Chiasmolithus eograndis PERCH-NIELSEN, 

1-Tribrachiatus orthostylus SHAMRAI (Konina 8198N), 2- Díscoaster tani 8RAMU,7TE & RiHDEL (Koninki 110198N), 3- Discoaster tani 
BIIAMLE7TE & R!EDEL (Porfba 77198N), 4 - Díscoaster dejlandrei BRAMLE1Tt: & RIHDEL (Porfba 77198N), 5 - Discoaster barbadiensis 
TAN (Porfba 77198N), 6 - Sphenolithus rnoriforrnís (BRONNIMANN & STRADNER} (Konina 8198N), 7a - Cocco/ithus pelagicus 
(W ALLICH) (Lubornierz 6198N), 7b - Retículofenestra dictyoda (DEFLANDIIE & Ft:117) (lubornierz 6198N), 8 - Transversopontís pulcher 
hllCH-NIEI-~EN (Luborníerz 6198N), 9 - Cyclicargolithus jloridanus (Rom & HAY) (Koninki 52197N), 10 - Cyc/icargolíthus jlorí­
danus (Rom & HAY) (Porfba 63198N), 11 - Cyc/icargolithus jloridanus (ROľH & HAY) (Koninki 109198N), 12 - Helícosphaera 
lophota BRAMLEITI:: & SUU!VAN (Lubornierz 6198N), 13 - Helicosphaera cf dineseni POICH-N!ELSEN (Porfba 66198N), 14 - Helico­
sphaera cf dineseni PERCH-NIEI-W,N (Porfba 66198N), 15 - Helícosphaera cornpacta BRAMI.HľľI:: & WJLCOXON (Konina 13199N), 16 -
Helicosphaera cornpacta BRAMLUT!i & WI/.COXON (Konina 13199N), 17 - Helicosphaera cf reticulata BJ<AMUiíľE & W!LCOXON 
(lubornierz 6198 N), 18 - Helicosphaera cf reticulata BIIAMU:.TľE & W!LCOXON (Lubornierz 6198N), 19 - Helicosphaera cf euphratis 
HAQ (Porfba 77198N), 20 - Helicosphaera cf euphratís f-lAQ (Porfba 77198N), 21- Ericsonia subdísticha (Rom & HAY) (Porfba 
77198N), 22 - Ericsonia subdisticha (ROTH & HAY) (Porfba 77198N), 23 - Zygrhablithus bijugathus (DEFLANDJ/E) (Lubornierz 6198N), 
24 - Zygrhablithus bijugathus (DEFIANDIU:.) (Porfba 77198N). 
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Fig. 9. Geologica/ cross-sections. 1-variegated sha/es, a-Turonian-Senonian, b-Eocene, 2-thin-bedded /urbidiles, 3- mar/s, 4- thick­
bedded sandstones and mar/s, 5-conglomerates and sandstones, 6-Grybów overlhrus/, 7-Magura overthrusl, 8-other overthrusts, 9-
líthostratigraphic units: 14- Szczawnica Fm., 15-Zarzecze Fm., 16-Krynica Mb. o/ the Zarzecze Fm., 17-Piwniczna Ss. Mb. of the 
Magura Fm. Far other exp/anations see Fig. 3 

Chiasmolithus expansus (BRAMLETfE & SULLIVAN), 
Tribrachiatus orthostylus SHAMARAI, Discoaster binodosus 
M ARTINI, Discoaster lodoensis BRAMLETTE & RIEDEL, 
Discoaster kuepperi STRADNER, Discoaster strictus 
STRADNER, Ericsonia formosa (KAMPTNER), Helico­
sphaera compacta BRAMLETTE & WILCOXON, Spheno­
/ithus pseudoradians BRAMLETTE & WILCOXON, 

Sphenolithus radians GRASSE, Zygrhablithus bijugathus 
(DEFLANDRE). The youngest taxon of this assemblage is 
He/icosphaera compacta 8RAMLETTE & WILCOXON, 
having its first occurrence in NP 16 (see Aubry, 1986), 
whereas the occurrence of Tribrachiatus orthostylus 
SHAMARAI and Discoaster lodoensis 8RAMLETTE & 
RIEDEL is believed to be the result ofreworking. 

In the Lubomierz section (Fig. 4) the youngest cal­
careous nannoplankton assemblages were obtained from 
samples 1/98/N, 2/98/N, 8/98/N (Fig. 4, Tab. 2). Cocco­
lithus pelagicus (W ALLICH), Ericsonia form osa 
{KA.MPTNER) are the most commonly recorded species. 

The species which are also common, though to lesser 
extent are Discoaster saipanensis BRAMLETTE & RIEDEL, 

Sphenolithus moriformis (BRONNIMAN & STRADNER), 

Sphenolithus radians GRASSE , Zygrhablithus bijugathus 
(DEFLANDRE). The zone assignment is based on the first 
occurrence of Helicosphaera compacta BRAMLETTE & 
WILCOXON, as upper part of NP 16. In conclusion, the 
age ofthe Zarzecze Fm. could be established as the Early 
to Middle Eocene (NP 11-16) 

7 
1 
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Maszkowice Mb. (ss. 75/98/N , 76/98/N, 77/98/N, 
6/95/N, 109/98/N, 110/98/N, 70/97/N, 6/98/N, 7/98/N, 
Fig. 4, Tab. 2). The examined samples yielded fairly well 
preserved and diverse calcareous nannoplankton assem­
blages, characterised by the occurrence of Cyclicargo­
lithus jloridanus (ROTH & HA Y), Coccolithus pelagicus 
(W ALLICH), Chiasmolithus grandis (BRAMLETTE & 
Rl EDEL), Díctoyococcites bisectus (HA Y), Díscoaster 
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strictus STRADNER, Díscoaster tani (BRAMLETTE & 
RJEDEL), Díscoaster tani nodifer (BRAMLETTE & 
RlEDEL), Discoaster saipanensis BRAMLETTE & RlEDEL, 
Ericsonia formosa (KAMPTNER), Helicosphaera com­
pacta BRAMLETTE & WILCOXON, Sphenolithus pseu­
doradins BRAMLETTE & WILCOXON. Such an association 
of calcareous nannoplankton ís believed to be indicative 
ofthe upper part of NP 17 as the first occurrence of Dis-

Fíg. 10. Chaotic "melange" type deformation immediately above the Magura sale thrus/ (lower 
Senonian deposils) in the Por~ba Stream. 

Fig. 11. Mesoscopic recumbed NW- SE trendingfolds in the Kanina beds (Senon ian). Por~ba Stream. 
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Fig. 12. Mesoscop1c fou/1-1!,rust relatedfold in the Zarzecze Fm. o/TIT. Porťba Stream. 

coaster tani (BRAMLETTE & RJEDEL) is taking place in the 

middle part of NP 17 (see Bukry, 1973). The absence of 

Chiasmolithus solitus (BRAMLETTE & SULLIVAN) whose 

last occurrence marks the lower boundary of NP 17· is 

proof of such zone assignment. An exception is sample 

77/98/N in which the species Helicosphaera euphratis 

HAQ was found . According to PERCH-NIELSEN (1985) 

this taxon appears for the first tíme in the middle part of 

P 18 Zone. In conclusion, the lower part of Maszkowice 

Mb. of TTT should be assigned to zones NP 17 and NP 

18 (Míddle/ Late Eocene). However, the younger age of 

the upper part of the formation (NP. 19/20) cannot be ex­

cluded (see CABAJ, 1993) as only the samples from the 

lower part of this formation contained calcareous nanno­

plankton assemblages, which allowed age determination. 

Structure 

The area in question is located in the middle part of 

the Magura Nappe on the southern margin of the MDW 

and about 15 km southward from the front of the nappe 

(Fíg. 1 ). The Magura Nappe is very flatly overthrust onto 

the Oligocene Krosno Fm. ofthe MDW (see Burtan et al. , 

1978 a; Mastella, 1988). The narrow and discontinuous 

Grybów Unit is wedged between the Dukla and Magura 

units. The Bystrica Subunit builds up the frontal thrust of 

the Magura Nappe between Olszówka and Lubomierz and 

cons ists o f three thrust-sheets wh ich contain characteristic 

sequences of deposits. From the north to the south there 

are: Por~ba Wielka-Koninki (Albian-Paleocene), Konina­

Lubomierz (Turonian-Middle Eocene) and Tobolów­

Turbaczyk (Lower-Middle/ ?Upper Eocene) thrust-sheets 

(Figs. 2, 9). The lower, Por~ba Wielka-Koninki thrust 

sheet reveals a decreasing degree of deforrnation from the 

40-50 metre complex of chaotic "melange" type deforma­

tion (Fíg. 1 O), described by Burtan et al. (1978 b) as 

"wildtlysche" immediately above the Magura sole thrust, 

through the mesoscopic recumbed NW-SE trending folds 

(Fíg. 11) to the NW-SE trending imbricated folds. The 

next thrust-sheet is 1,5-2 km wide (Figs. 2, 9) and forms a 

moderately south-dipping monocline . Along this thrust, 

numerous mesoscopic WNW-ESE and NW-SE trending 

folds have been observed. On the boundary between the 

complexes with dífferent competence (eg. Labowa/ 

Beloveža and Beloveža/Bystrica fms .) inverse faults, 

parallel to the frontal thrust have been documented. They 

caused a reductíon of the thickness of the Labowa and 

Beloveža frns . The TTT is characterized by strongly 

deformed Zarzecze Fm. and monoclinally, south-dippíng 

Magura Fm. The lower part of the Zarzecze Fm. displays 

numerous mesoscopic thrust-fault propagating folds (NE­

SW and NW-SE ) (Fíg. 12). In the Por~ba Górna and 

Konina sections, the middle part of the formation reveals 

a segment of the south-dipping overturned strata, meas­

uring 100 m in length. Distinguished in this paper, the 

Tobolów-Turbaczyk thrust sheet (TTT) has been docu­

mented along a 25 km long belt. This structure is cut from 

the west and east by the Rabka and Zbludza-Zalesie 

transversal, submeridian, normal faults respectively (Fíg. 

1 ). The Krynica and Bystrica (TTT) subunits are sepa­

rated by W-E trending overthrust (Figs. 1, 2, 9) . The 

Krynica subunit are thrust onto the youngest deposits 

(Middle/ ?Upper Eocene) of the Bystrica (TTT) subunit. 

The frontal part ofthe Krynica thrust is build up by a few 

imbricated folds composed of the Szczawnica and 

Zarzecze frn s., followed by a syncline filled with the 

Piwniczna Mb. ofthe Magura Fm. The Magura Nappe on 

the southern margin of the MDW is disturbed by three 
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Fíg. 14. Middle/ Late Eocene paleogeography of lhe Polish sec/or of lhe Outer Carpalhian basin (after Ksiqikiewicz, 1962; 
Oszczypko, /998, suplemenled). 1-lilloral facies, 2-shelf facies, 3-slope facies, 4-pelagic slope mar/s, 5-chanel-fan deposils, 6-

variegaled sha/es oflhe Mniszek Mb., 7-dislal lurbidites, 8-silico-carbonale turbidites, 9-hemipelegic green sha/es, /0-hemipelagic 

variegates shales, 11- inlrabasinal source area, 12-delta, 13-paleolransport, 14- zero line of Wiese vec/or, 15-active margin of 
accrelionary wedge, 16-presenl-day front of lhe Carpathians. 

submeridional faults located at the western (Olszówka) 
and eastern margins ofthe window. 

líthostratigraphic correlation and paleogeographical 
implications 

The Eocene deposits of the Konina-Lubomierz and 
Tobo1ów-Turbaczyk sequences have themselves been 
compared as well as, with the Zbludza and Rabka sections 
(Figs. 1, 13). Generally, there is good lithostratigraphíc 
correlation between Konina-Lubomierz trust sheet sec­
tions and Zbludza and Rabka sections, though some díf­
ferences can be observed. In the comparison with 
complete Zbludza and Rabka sections the Por~ba Góma, 
Koninki , Konina and Lubomierz sections display a re­
duction in thickness of the Beloveža and Zeleinikowa 
fms . and the Maszkowice Mb. of the Magura Fm. For ex­
ample, the thickness of the Eocene strata in the Por~ba 

Góma is about 200 m., up to 250 m in Koninki and about 
500 m. in Konina sections, whereas in the Zbludza and 
Rabka sections it reaches more than 1500 m. The taek of 
the Mniszek and Poprad members of the Magura Fm. is 
also very significant. The reduction in thickness of the 
Beloveža Fm. is probably of sedimentary and partly tec­
tonic nature, whereas reduction in thickness and disap­
pearing of the youngest lithostratigraphic units are 
tectonic in origin. lt could be connected with formation of 
the Tobo1ów-Turbaczyk trust-sheet and extentional mo­
tions during the Middle Miocene uplifting of the Mszana 
Dolna tectonic window. The sections of the Konina­
Lubomierz and Tobotów-Turbaczyk thrust sheets indicate 
the significant facies differences, particularly below the 
base of the Magura Fm. In the TTT, the Zarzecze Fm. 
(Lower-Middle Eocene) replaces the following lito­
stratigraphic units typical of the Bystrica facies zone: the 
variegated shales of the Labowa Fm. (Lower Eocene), 
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Beloveža Fm. (Lower/Middle Eocene) and Bytrica and 
.Zeleinikowa fms. (Middle Eocene, see also Oszczypko, 
1991 ). These facies differences could have been caused 
by the more southern positioning of the TTT sedimentary 
area in the Magura basin, with respect to the Bystrica fa­
cies zone. Thus, the Zarzecze Fm. of TTT was deposited 
in the northem, deeper and nonchanelized part of the 
Krynica facies zone, whereas all the other fonnations 
were deposited in the Bystrica facies zone. This is shown 
by the occurrence of the variegated shales, calcareous­
free character of the majority of shales and lack of the 
Krynica Cgl. Mb. During the late Middle Eocene (NP 17 
Zone) the Magura Sandstone fan first reached the TTT 
sedimentary area and then expanded into the Bystrica fa­
cies zone. (Fíg. 14). Towards the axes of the basin the 
sandstones of the Maszkowice Mb. were replaced by the 
sandstones and marls (Bystrica Fm) and basinal turbidites 
(Beloveza Fm), whereas the abyssal plain was occupied 
by the Middle Eocene red shales (Labowa Fm.) of the 
Rača facies zone (Oszczypko, 1992). From the compari­
son of the thickness of the Maszkowice Mb. in different 
parts of the Bystrica Subunit and TTT (see Oszczypko, 
1991) it can be concluded that TTT represents the SE­
NW (150-160~) trending axial zone ofthe Middle Eocene 
Magura sandstone fan. At the beginning of Late Eocene 
(NP 18) during the HLS (Haq et al. , 1987) the peripheral 
part ofthe Magura sandstone fan probably reached CCD. 
This resulted in the deposition of variegated shales of the 
Mniszek Sh. Mb. ofthe Magura Fm. In the TTT area the 
Mniszek Mb. was probably not deposited . lts equivalent 
could be represented by thin-bedded turbidites in the 
Poryba Górna and Lubomierz sections. These deposits 
occur about 700 m. above the base of the Magura Fm 
(Fíg. 4) . 1he strongly tectonized Zarzecze Fm. could rep­
resent a suture zone of the early Middle Eocene accre­
tionary wedge, overlapped by the Magura sandstone fan . 
During the Lutetian/Bartonian tíme, this suture zone was 
probably donnant and then (Priabonian) reactivated be­
fore the deposition of the Malcov Fm. (see Oszczypko, 
1998). The Middle/Late Eocene paleogeographic situa­
tion of the Magura basin as a part of the Northern Tethys 
is shown in figure 14. Present-day fault boundaries of 
TTT located in Rabka and Zbludza probably developed 
along the former margin of the fan. According to Malata 
et al. (1996) the Zbludza-Zalesie norma! fault, which 
bounded TTT from the east, was formed after the Middle 
Badenian and prior to Late Badenian-Sarmatian deposi­
tion in the Nowy S&.cz Basin. 
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New mineralogical and paragenetic knowledge abo ut siderite veins in the 
vicinity of Vyšná Boca, Nízke Tatry Mts. 

D ANIEL 0 ZDÍN 1
, MARTIN CHOVAN2 

1 Geological Survey of Slovak Republic, Mlynská dolina 1, 817 04 Bratislava 1 
2 Department of mineralogy and petrology, Faculty ofNatural Sciences, Comenius Universi ty, 
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Abstracl. Siderite vein mineralization occurs near tectonic contact ofthe Tatricum and Veporicum in eastem 
part of the Ďumbier Nízke Tatry Mts. The most intensive exposure of the mineralization is in Tatricum tec-

. tonie unit in the Vyšná Boca area. The area is composed of regionally metamorphosed rocks of the Mesozoic 
envelope. We have studied two vein systems: southern (Paurovská, Kliesňová, Helena, Rovienky) and north­
em (Pod Štefanom, Kumštová, Králička) and several independent occurrences. Veins occur in mylonite zones 
and have WSW - ENE strike (250°), about 75° south ward dip, and their average thickness is 0.5 m. Silifica­
tion, presence of pyrite and arsenopyrite is characteristic for hydrothermal changes of surround ing rocks. The 
main vein minerals are siderite, barite and quartz. Pyrite, tetrahedrite and chalcopyrite are dominant sulphide 
minerals. Sphalerite, arsenopyrite and hematite from oxide minerals are rear. Occurrences of Ni-Co-bearing 
minerals and sulphosalts of aikinite isotype series are characteristic. Presence of Ag-Bi-bearing sulphosalts 
and carrollite are exceptional. Ankerite, galenite and tennantite are abundant in some veins only. Oxidized 
zone is developed mainly in northern vein systems where Fe-hydroxides and Ca-carbonates are the most 
abundant minerals. Siderite, quartz and sulph ide form several generations. After carbonate stage, there was 
quartz-sulphide stage and then sulphosalt mineralization stage at the locality Paurovská. The [atest generation 
of siderite and hematite veins penetrates into rocks of Mesozoic envelope. 

Key words: Mineralogy, siderite veins, carbonates, Cu-Pb-Bi sulphosalts, Western Carpathians. 

lntroduction 

An old mining village Vyšná Boca is located at the 
end of Ilocianska dolina valley, between Ďumbier and 
Kráľová hoľa parts of Nízke Tatry Mts., 2.5 km NNE 
from the Čertovica saddle. Numerous tailing piles, feighs, 
discovery claim and mine galleries, some of them sti ll 
accessible, are witnesses of the mining activities around 
the dwelling. According to Bergfest (1952), gold, silver, 
copper, antimony and later also iron were mined in this 
area in the past. The oldest records of mining activities 
near Boca (there is no distinction between Nižná and 
Vyšná Boca in older literature) are from 1271 , when the 
King Štefan V. confirmed privileges for mining in Boca 
again (Bergfest, 1952). In 13-th century, gold was cradled 
in Boca stream, later it was also mined from ore veins. 
After 1955 (Bergfest, 1952), when the gold mining was 
on the top, the go ld mining started to decline because of 
discord of mine owners and mine superintendents, low 
productivity and flooding of some mines. The last reports 
about gold mining are from the second half of 19-th cen­
tury, when the mining was definitely over. Maderspach 
(1880) reports mining of go ld, copper and silver and later 
also limonite and Fe-bearing carbonates in a mine Pod 
Štefanom. Papp (1919) evaluated this area as perspective 
for Fe-ore mining because only top horizons of the veins 
had been mined, and thus there was a significant amount 
of high quality ore in deeper parts. During the World War 

II ., Kuthan ( 194 I) again confirmed occurrences of gold, 
antimony, galenite and gold-bearing pyrite in the area SW 
from Vyšná Boca. During 50s a prospecting for iron ores 
took place, the emphasise was put on Fe-ore reserves 
(Zoubek, 1951 ; Zoubek and Rus, 1951 ; Čillík, 1955). The 
results from two galleries at the deposit Paurovská and 
Kliesňová dolina valley were encouraging, however, the 
mining was terminated earlier than the ore vein was 
reached. The mineralogy of the ore deposits Kliesňová 
and Pod Štefanom was described by Juriga (1958). Zoned 
arsenopyrite from the Vyšná Boca area was described by 
Stankovič and Siman ( 1992). Bes ide mentioned works, 
the complete mineralogy of the Vyšná Boca area was de­
scribed by Kod~ra et al. (1990, 1990a), Slavkay et al. 
( I 988), Slavkay and Cho van ( 1990) and Cho van et al. 
( 1996). In mineralogical exposition of Nattirhistorische 
Museum in Vienna, there are two several centimetres 
large strontianite minerals with radiated structure from the 
locality "Bocza, Ungarn". It is no doubt, that these sam­
ples were found in Austrian - Hungarian Monarchy (the 
name Bocza was used for today villages Vyšná and Nižná 
Boca). 

Geological characteristics of the area. 

Carbonate-quartz-sulph ide ore mineralization occurs 
in the vicinity of Vyšná Boca, dominantly in rocks of 
crystalline complexes of Tatricum, northward of the Čer-
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tovica tectonic lineament. Biotite to two-mica paragneis­

ses with banded structure are the most common 

metamorphic rocks of crystalline complexes. Gamet­

biotite and other types of paragneisses and metaquartzite 

are less common. Westward of Vyšná Boca Maheľ (1986) 

describes also light-grey orthogneisses with quartz and 

microcline porphyroblast. In addition to acidic metamor­

phic rocks, there are also thin layers of amphiboles. Two 

types of granitoid rocks represent the rocks of the studied 

area: Ďumbier and Králička type. Ďumbier type, repre­

sented by biotite tonalite to granodiorite, is the most 

common granitoid rock in the eastem part ofthe Ďumbier 
crystalline complex (Biely et al., 1992). Petrík et al. 

( 1993) classified this type of metaaluminous granitoid 

rocks to 1-type granitoid. Cambel et al. ( 1990) concluded 

that the temperature of crystallisation was 670 - 700 °C 

and the age was 368±22 Ma (Rb/Sr method). Králička 

granite is less abundant (B iely et al. , 1992). Peraluminous 

biotite to two-mica granite to granodiorite (Králička type) 

(Dupej and Siegl , 1984) forming 9 .5 km long and max. 

800 width strip from Veľký Gápeľ to Vyšná Boca was 

classified by Petrík et al. (1993) to S-type granitoid. 

Cambel et al. (I 990) concluded that the temperature of 

crystallisation was 670-690 °C and the age of the granite 

was 365± 17 Ma (Rb/Sr method). Granitoid and also 

metamorphic rocks are sometimes transected by up to 

several tens centimetres thick pegmatite and apatite veins. 

The Mesozoic envelope rocks composed mainly of low 

Triassic quartz of Lúžňan formation , sandstone and 

greywackes are rare, they occur mainly in eastem part of 

the studied area (at the end of the Kumštová and 

Starobocianska dolina valley). Rauwackes (at the end of 

the Starobocianska dolina valley under the Bocianske 

sedlo pass) and mottled shales and sandstones of Verfen 

formation are rare. 

Mínera! deposit characteristics of the area 

There are two main types of ore mineralization in the 

studied area: siderite and gold. Siderite mineralization 

occurs mainly in myloni.te zones within metamorphic 

rocks WSW to SWS-ward ofVyšná Boca. Gold minerali­

zation is represented by quartz veins with sulphides and 

gold, which occurs in granitoid rocks westward and north­

westward of Vyšná Boca. More detail division is the 

object o(the ongoing research . 

The two main vein bodies south-westward and west­

ward ofthe village Vyšná Boca (Fíg. 1) were subjected to 

the field, economic geological and mineralogical re­

search: 
I. The southem vein system is represented by mínera) 

deposit Paurovská - Kliesňová - Helena and occurrence 

Rovienky. Old mining works are located along mylonite 

zone that is developed in high-rank metamorphic rocks of 

crystalline complex (mainly gneisses) in that beds of me­

dium-rank metamorphic amphibolite and pegmatite veins 

occur. The mining strike is 250°. lndividual deposits are 

separated from each other with tectonic failures (Zoubek, 

1951 , Čillík, 1955, and others). Originally uniform vein is 

gradually branched from ENE to WSW. The vein 

Slovak Geol. Mag. , 5, 4(/999), 255-271 

branching has always direction toward SW. The vein is 

formed by numerous small veins at its SW end in 

Rovienky. The general vein strike in Kliesňová is from 

245° to 270°, most often 250°. The vein dip is very vari­

able and steep. The dip range is from 45° to 80° toward S 

to SE or SW (for example, the gallery Kliesňová kutacia; 

Juriga, 1958), the most dominant dip is 75° toward S 

(Čillík, 1955), the dip in the gallery Helena is 75° - 80°. 

The thickness of the vein Kliesňová is in a range from 

several ten centimetres to two meters (exceptionally up to 

3 m). It is wavy vein with frequent broadening and tailing 

off. The depth reach of the Kliesňová vein is 150 m at 

least (Čillík, 1955). Cocarde, brecciated and combed 

structures are characteristic for this southem vein system. 

The oxidised zone is almost not developed on this 

vein system. Small occurrences of iron hydroxides and 

goethite are in tailing píle of the Vyšná Helena gallery, 

Fe-baring arsenic minerals (pharmacosiderite, ferisym­

plesite) occur near the Čertovica pass on the mountain 

ridge Rovienka. 
Significant galleries of the Paurovská area are Kutacia 

Paurovská, Stará Paurovská and Vyšná Paurovská; in the 

Kliesňová area there are galleries Vyšná and Nižná 

Prozretelnosť Božia, Kliesňová kutacia and Leopold; and 

in the Helena dolina valley there are gal leries Nižná 

Helena, Vyšná Helena and Helena. These galleries are 

also centres of mining areas with the same names. In 

southern part of the mining area Helena there is also 

buried mine Zubau with Ni-Co mineralization . 

2. The Northem vein system includes mineral deposits 

Pod Štefanom - Kumštová dolina valley (the mining area 

Eduard) - Králička . The veins have the same trend and 

position as veins from the southern vein system. For 

example, the length of the vein Pod Štefanom (Pod 

István) is 1.4 km, Fe-ore mining was in western part, Cu 

mineralization dominated in eastem part (Zoubek, 1951 ). 

There are dominantly siderite and barite, less dominantly 

quartz in the vein rock . Sulphide and hematite are dis­

seminated in the vein rock. Pyrite and arsenopyrite are 

abundant in altered silicified zones. Oxidized zone is 

more developed than in the southem vein system, and Cu­

bearing (malachite, azurite) and Fe-bearing (goethite, 

hematite) secondary minerals are abundant in this zone. 

The locality Bruchatý Grúnik is located on southem 

slope of the Rovná hoľa Mts. in altitude 1435 m. above 

see level about 1.5 km north-westward of mínera! deposit 

Pod Štefanom and about 3.5 km WNW from Vyšná Boca. 

According to Zoubek and Rus () 951) and also according 

to map by Biely et al. (1992), the vein is located in gra­

nod iorite to tonalite of the Ďumbier type, however, it is 

not excluded that it is located at the contact of gneisses 

with granodiorite rocks. The vein has brecciated structure 

and it is characteristic by presence of abundant medium­

grained ankerite and sulphides (galenite and tetrahedrite). 

Ni-Co mineralization is also abundant. 

On the southern slopes of the Chopec Mt. there is 

large amount of mining-works with Sb-Au mineralization 

that is not subjected to our ongo ing research . About 1200 

m westward of Vyšná Boca in the Králička type granites, 

there are tai ling pile and old collapsed gallery. Its vein 
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rock contains large amount of sulphides (pyrite, galenite 
and tennantite). lts most abundant carbonate mínera( is 
ankerite, however, siderite is also very common. Sur­
rounding granitoid rocks are extensively altered, silicated 
and have extensive impregnation of pyrite and arsenopy­
rite. With respect to mineral parageneses and quantitative 
abundance of main minerals, we have classified the 
ankerite veins among carbonate mineralization . 

All minor occurrences (Banica, Fišiarka, Podvrch, 
Končistá) mentioned in older references (Papp, 1919) are 
and were south-eastward to north-eastward of Vyšná 
Boca. Small carbonate lenses are in granodiorite to to­
nalite of the Ďumbier type or in gneisses of the Nízke 
Tatry crystalline complex. They are composed domi­
nantly of weathered siderite, quartz and micas. Sulphides 
are represented by mostly strongly weathered pyrite. Most 
of the small mining activities (mainly feigh with little 
tailing piles) has already vanished . 

Methodology of the reseai-ch work.s 

Majority oftested samples was picked up from tailing 
piles. 123 polished-sections and micro-sections had been 
made from the samples after their visual inspection and 
inspection under UV radiation (UVSL-58 lamp with 
wavelength of UV radiation , 254 - 366 nm). Microscopes 
Jenapol and Amplival made by Zeiss were used for 
microscopic studies. lmmersion method of measurement 
of refractive index was used for initial identification of 
carbonates and barite. Reflectance of se lected ore 
mineral s was measured in Department of mineralogy 
EL TE in Budapest (microscope Leitz, standard : basal cat 
SiC, step 1 O nm, wavelength 400-700 nm). Identification 
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and initial analyses of chemical composition of carbon­
ates was made by manometric and differential thermal 
analysis (OT A) (derivatograph MOM, type OD-102; con­
ditions: charge 525 mg, TG 200 mg, OTA 0.5 V, DTG 
2.5 V, temperature I OOO °C, rate of heat increase 
10 °C/min.). RTG diffraction analyses of aragonite was 
made by Geologic lnstitute of Faculty ofNatural Sciences 
of Comenius University with device DRON-3 under the 
following conditions: Cu/Ni, 20 kV, 40 mA, speed of arm 
advance J 0 /min . Primary minerals were analysed by 
wave-dispers ion (WDS) and energy-dispersion electron 
microprobe in GS SR Bratislava, device Jeol Superprobe 
733 was used under conditions: 20 kV, 15-20 nA, beam 
diameter 3-5 µm , standards - arsenopyrite, pyrite, gale­
nite, cinnabarite, Cu, Bi, Fe, Zn, Sb, Ag, Au, Co, Ni. The 
photographic pictures of compositions were taken with 
Jeol JSM-840 with 20-25 kV in GS SR Bratislava. All 
other analyses not mentioned in these papers are in papers 
by Ozdín ( 1996) or are in archives of both authors . 

The results of the mineralogical research 

The minerals are ordered according to mineralogical 
system (Strunz, 1982), except minerals of tetrahedrite 
group that are classified among sulphosalts (Makovický 
and Karup Môller, 1994). All sulphosalts are classified 
according the classification by Moelo ed. (1994). 

Primary minerals 

Sphalerite, ZnS occurs only auxiliary in form of tiny, 
mostly microscopic allotriomorphic grains in association 
with tetrahedrite, chalcopyrite, pyrite, galenite, arsenopy-
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rite and hematite within milky-white quartz (Fíg. 2) in 
siderite veins in the vicinity of Vyšná Boca. Sphalerite is 
more abundant in centre part of tailing píle at Kliesňová 
and mainly at Bruchatý Grúnik where sphalerite forms up 
to 5 mm large clusters within carbonate-sulphide vein 
rock. Larger grains of allotriomorphic sphalerite some­
times contain higher amounts of inclusions of chalcopy­
rite. Sphalerite was identified with reflected light and 
preliminary by EDS analysis. 

Fíg. 2. Sphalerite (black-grey: 111 lower part) with tetrahedrite 
(light-grey) and cha/copyrite veíns (dark grey) withín quartz 
(b lack) [rom the mínera! deposit Klíesňová. 

Chalcopyrite CuFeS2 belongs among main sulphide 
minerals in majority of siderite deposits, however, its 
quantity is variable from locality to locality. It is in asso­
ciation with tetrahedrite, pyrite, galenite, arsenopyrite, 
sulphosalts ofbismuthite series and sphalerite, less with Ni­
bearing diarsenides and Ni-Co-bearing sulphoarsenides 
within carbonate-quartz-sulphide veins where it forms small 
veins in hydrothermal milky-white quartz (for example 
Kliesňová, Helena etc.), less in siderite (Bruchatý Grúnik), 
or it is disseminated mainly in barite (Pod Štefanom). Small 
chalcopyrite veins (sometimes with pyrite) intersecting 
tetrahedrite can be often observed with help of reflected 
light. Sometimes it forms inclusíons within tetrahedrite or 
skirts its allotriomorphic grains. Chalcopyrite itself contains 
inclusions of tetrahedrite, galenite, pyrite, sulphosalts of 
bismuthíte-aikinite series and pavonite group. In samples 
from Kumštová dolina valley chalcopyrite forms filling of 
enclaves in metacrysts of pyrite. Chalcopyrite has some­
times optic zoning. lt is locally intensively replaced with 
Fe-bearing hydroxides. lt was preliminary identified by 
EDAX. 

Cubanite (?), CuFe2S3 was sporadically found at the 
deposit Kliesňová, where it forms up to 2 mm long 
lamellas within chalcopyrite in association with tetra­
hedrite, sphalerite, and pyrite in quartz. In comparison to 
chalcopyŕite, cubanite is more anisotropic and intensively 
laminated in reflected light. It was identified optically 
with reflected light. 

Galena PbS usually occurs as inclusions in tetra­
hedrite and chalcopyrite, however, its occurrence with 
chalcopyrite, tetrahedrite, sphalerite and pyrite in siderite 
veins are rare. Sometimes it is more abundant in veins 
with barite (for example locality Pod Štefanom) . 

Slovak Geol. Mag., 5, 4(1999), 255- 271 

Samples of vein rock with abundant presence of ga­
lenite, tetrahedrite and another sulphides occur at locality 
Bruchatý Grúnik. They form several millimetres thick 
veins, nests with area up to several square centimetres and 
clusters within carbonate-quartz vein rock with brecciated 
structure. Mostly fine-grained idiomorphic galenite (grain 
size up to 1 mm) occurs in association with tetrahedrite, 
chalcopyrite, sphalerite, pyrite, arsenopyrite, tennantite, 
cobaltine and Ag-Pb-Bi- bearing sulphosalts. According 
to spectral analysis, the sample with high concentration of 
galenite from the locality Bruchatý Grúnik contains 89.2 
ppm Ag and 0.06 ppm Au . 

Galenite, together with tennantite and pyrite (Fíg. l O), 
occur also on southern and eastem slopes of Chopok Mt. 
in rocs from tailing piles as noddles in quartz-ankerite 
vein rocks or as indivídua! veins in granite. It occurs in 
association with quart-gold mineralization. Galenite was 
identified with reflected light and its chemical composi­
tion was studied by EMPA. The galenite from the local ity 
Bruchatý Grúnik contains these accessory minerals: Bi O -
0.23 , Ag O - 0.66, Sb O - 1.21 , Cu O. I 7 - 0.79, Fe O - 0.54 
wt.%. 

Carrolíite Cu(CoNi)2S4 occurs only exclusively in the 
mining area Helena, where it is in association with cobal­
tine, gersdorffite, galenite , pyrite and minerals of tetra­
hedrite-tennantite series in arsenopyrite veins. It was 
preliminary identified by EDS analyses (Cu 13 .82, Co 
42.68, Ni 6.94, Fe 1.09, S 35 .47, 100.00 wt.%) . 

Bismuthinite Bi2S3 occurs in siderite veins only rarely, 
but regularly in form of indivídua! grains intergrowing 
with chalcopyrite (Fíg. 3) and exceptionally also with tet­
rahedrite, or in form of allotriomorphic or hypidiomor­
phic grains freely occurring in quartz and exclusively also 
in siderite. lt forms tiny needles and short-columnar 
crystals. At the locality Paurovská it occurs together with 
Ag-Bi-bearing sulphosalts (pavonite homoseries) and Cu­
Pb-Bi- bearing sulphosalts (pecoite) into which it is 
gradually converted. Exceptionally it also contains inclu­
sions of tetrahedrite. It is often chemically inhomogene­
ous. It was identified optically with reflected light and by 
WDS analysis (Fíg. 7). 

Fig. 3. Bismuthinite (white) on chalcopyríte vein (grey) in 
quartz (b/ack) /rom the /oca/ity Paurovská. 
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Pyrite FeS2 (cubic) is very abundant in silicified hy­
drothermal alteration zones in rock surrounding ore veins, 
where it occurs in two formations: 1 . in intensively silici­
fied zones in close proximity of ore vein, where more or 
less crushed and cataclastic pyrite rarely occurs in 
arsenopyrite veins. 2. in greater distances from ore veins, 
where alteration of rocks surrounding ore veins is weak. 
Pyrite is there abundantly disseminated and arsenopyrite 
does not occur there. Freely disseminated fine-grained 
pyrite is the main sulphide mínera! disseminated in older 
fine-grained siderite in siderite veins. lt often occurs to­
gether with chalcopyrite, sphalerite, galenite, arsenopy­
rite, and with another sulphides and Cu-Pb-Bi-bearing 
sulphosalts in siderite or ankerite in quartz veins. 

At the deposit Pod Štefanom, pyrite, together with 
chalcopyrite and tetrahedrite, occurs in form of idiomor­
phic crystals or very tiny allotriomorphic crystals in 
pyrite-chalcopyrite veins transecting tetrahedrite . Pyrite 
also is abundant in thin, up to 3 mm thick arsenopyrite 
veins with Ni-Co mineralization at the locality Helena. 
Up to 2.5 mm large pyrite metacrystals with abundant in­
clusions of chalcopyrite, tetrahedrite, and galenite often 
occur at lhe Kumštová dolina valley and at the deposit 
Pod Štefanom. Pyrite itself forms inclusions within chal­
copyrite and tetrahedrite. Sometimes it is recrystallised 
and replaced with marcasite. Freely disseminated fine­
grained pyrite is the main ore mÍfleral in one type of grey­
white quartz at the locality Bruchatý Grúnik. lt occurs 
here in association with galenite that often growth over 
the pyrite, forms network of veins within it, penetrates 
along fractures, fills open fractures and voids or it grow 
around indivídua] pyrite grains. In zones rich in microla­
minated hematite, the pyrite forms max. 2 mm large idio­
morphic crystals with prevaíling pentagonal dodeca­
hedron shape. lt is often chemically zoned. lt posses 
sector (Chopec), concentric (Helena, Bruchatý Grúnik, 
Paurovská) or irregular (Chopec, Helena) zoning. It was 
identified optically with reflected light, with help of 
reflection curves, and by EMPA (Tab. 1). Gold bearing 
pyrite occurs in several quartz-sulphide veins. In some 
types of pyrite, it is the crystal cores that are enriched 
with the gold. (Tab. 1, Analyses No. 13- 15). These parts 
are also characteristic with increased concentration of As. 
In the veins with sulphosalts at the locality Paurovská, it 
is the core of pyrite grains with concentric zoning, which 
are enriched with Au, Sb, Cu, As and also Se. According 
to spectral analyses, the sample of ore rocks with abun­
dant pyrite from the Bruchatý Grúnik contains 0. 18 ppm 
Au. 

Chopec: Analyses No. 1-4 from the lightest phase to 
the darkest; pyrite in association with galenite, tennantite, 
quartz, ankerite, siderite and barite. 

Helena: Analyses No. 5, 6 - light zones, 7, 8 - dark 
zones, 9 - very dark pyrite. Analyses No. 5-8 represents 
relatively large pyrite grains in arsenopyrite veins, analy­
sis No. 9 represent pyrite that is part of Ni-Co-bearing 
mineral paragenesis. 

Bruchatý Grúnik: Analyses No. IO, 11 - light zones, 
12 - dark zone, idiomorphic pyrite in paragenesis with 
genetically younger galenite in quartz. 
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Paurovská: Analyses No. I 3 - 15 of the zoned pyrite 
are ordered from the lightest phase to the darkest. Analy­
sis No. 13 is the core of the grain and Analysis No. 15 is 
the edge of the grain. The pyrite originates from the 
quartz-sulphosalt phase ofthe mineralization. 

Krutovite (?) NiA~ have been identified on the base 
of the optical properties and preliminary chemical analy­
sis in association with galenite, tetrahedrite, arsenopyrite, 
chalcopyrite, Ni-Co-bearing minerals and pyrite on the 
sample from the locality Bruchatý Grúnik (Fíg. 4). 

Fig. 4. Zoned krutovite {?) with galena veins (white) fŕorn the 
/ocalíty Bruchatý Grúnik. 

Fig. 5. ldíornorphic crystals of gersdorffite-(Co), (light-grey, 
cubic in centre), with galenite (white), tennantite (dark-grey) 
and tetrahedrite (light-grey, inclusion in the rniddle of the 
tennanlite grain} jŕorn the /ocality Vyšná Boca - Helena. 

Gersdorffite NiAsS, together with arsenopyrite, co­
baltite, galenite, tetrahedrite, pyrite and Ni-bearing diar­
senate, occur in carbonate-quartz-sulphide vein at the 
locality Bruchatý Grúnik. In SE part of the mining area 
Helena, the gersdorffite occurs in probably high-thennal 
arsenopyrite veins in association with cobaltite, arsenopy­
rite, pyrite, galenite, tennantite, carrollite and rare tetra­
hedrite. lt creates idiomorphic crystals large up to I 3 µm 
and with square or rectangular cross-section. Sometimes 
it forms hem around arsenopyrite aggregates. According 
to its chemical composition it resemble to gersdorffite­
(Co) (Fig. 5). The average WDS analyses of gersdorffite-
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Tab. I. Electron microprobe ana/yses of pyritefrom the Vyšná Boca area. 

Starobocianska dolina • Chopec H e 1 e n a Bruchatý g rúnik P a urov s ká 

wt . %. 1 2 3 4 5 6 7 8 9 10 I I 12 13 14 15 

Fe 45,37 45,4 45,63 45,44 45,62 45,6 1 44,76 44,48 39,26 44,96 45,58 46,06 44,67 46,61 46,27 

As o o o 0,55 1,04 1,19 1, 17 1,31 0,4 1,24 1,4 1 0,47 2,13 0,78 0,22 

Sb o o o o o o o o o o o o 0,37 o o 
Cu o o o o o o o o o o o o 0, 15 0,06 0,07 

Co o o o o o 0,04 0, 16 0, 11 4,81 o o o o o o 
Ni 0,01 o 0,02 0,0 1 0,12 0, 15 0,35 0,38 1,55 0,04 0,24 o 0,0 1 0,05 o 
Au o 0,01 o 0, 19 o 0,08 0, 18 o o o o 0,03 0, 14 o o 
s 53,22 53,15 52 ,92 52,39 52,98 52,86 52,65 52,16 52,1 52,65 51,84 51 ,51 52,34 53,83 53,89 

Se o o o o o o o o o o o o 0, 15 0,02 o 
I 98,6 98,56 98,57 98,58 99,76 99,93 99,27 98,44 98,12 98,89 99,07 98,07 99,96 101,35 100,45 

atom.%. 
Fe 32,86 32,9 33, 11 33,13 32,87 32,87 32,47 32,52 28,8 32,67 33,24 33,83 32,4 33,04 32,96 

As · o o o 0,3 0,56 0,64 0,63 0,71 0,22 0,67 0,76 0,26 1,15 0,4 1 0, 11 

Sb o o o o o o o o o o o o 0, 12 o o 
Cu o o o o o o o o o o o o 0, 1 0,04 0,05 

Co o o o o o 0,03 0, 11 0,08 3,35 o o o o o o 
Ni o o 0,01 0,0 1 0,08 0,1 0,24 0,27 1,08 0,03 0, 16 o 0,0 1 0,04 o 
Au o o o 0,04 o 0,02 0,04 o o o o 0,01 0,03 o o 
s 67,14 67,1 66,88 66,52 66,49 66,35 66,52 66,43 66,56 66,63 65,84 65,9 66, 13 66,46 66,88 

Se o o o o o o o o o o o o 0,07 0,01 o 
I 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

Tab. 2a. Electron microprobe ana/yses oj arsenopyrite /rom the Vyšná Boca area. 

8 r u C h a 1 ý g r ú n i k 

wt, %. 1 2 3 4 5 6 7 8 9 IO II 12 13 

s 20,97 21,52 21,4 1 19,58 20,06 21,65 21,13 21, 16 19,42 16,7 19,92 19,6 1 20,79 

Fe 33,83 34,08 34,8 1 33,86 33,59 34,45 33,72 34,36 34,05 33, 17 34,74 33,73 34,S 

As 43 ,13 43,95 43,58 45,18 45, 17 43 ,71 4 1,44 44,94 47,26 50,28 45,24 45,41 42,93 

Co o o 0,01 o o o o o o o o o o 
Ni o o o 0,03 0,01 0,005 0,003 0, 13 0,28 0,26 0, 18 0,02 o 
Sb o o o 0,9 0,21 o 1,34 o o o o o o 
Au o o o 0,07 0,03 o o 0,02 o o o o 0,01 

Cu 0,77 0,37 0,39 o o o o o 0,06 0,06 o o o 
I 98,7 99,92 100,2 99,62 99,07 99,82 97,63 100,61 101 ,07 100,47 100,08 98,77 98,23 

atom. % 

s 35,39 35,82 35,54 33,4 34 ,15 36 36,07 35,15 32,7 29,08 33,57 33,57 35,25 

Fe 32,79 32,57 33,17 33, 16 32,83 32,89 33,05 32,77 32,93 33, 16 33,63 33,15 33.59 

As 31,16 31 ,3 30,96 32,99 32,91 31,106 30,28 3 1,95 34,06 37,47 32,63 33,26 31 , 16 

Co o o 0,01 o o o o o o o o o o 
Ni o o o 0,03 0,01 0,005 0,003 0,12 0,25 0,25 0, 17 0,02 o 
Sb o o o 0,4 0,09 o 0,6 o o o o o o 
Au o o o 0,02 0,01 o o o o o o o o 
Cu 0,66 0,31 0 ,32 o o o o o 0,05 0,05 o o o 
I 100 100 100 100 100 100 100 100 100 100 100 100 100 

Tab. 2b. (continued) 

8 r u C h a t ý g r ú n i k 1-1 e 1 e n a 

wt. %. 14 15 16 17 18 19 20 21 22 23 24 25 

s 20,87 18,25 20,29 18,69 20,13 17,69 19,25 19,05 18,57 19,28 19,05 19,51 

Fe 34, 13 33,54 33,34 33,7 33,85 32,77 32,56 32, 14 32,03 34,43 33,59 34,33 

As 45,21 46,09 44,6 46,56 45,86 36,94 37, 12 37,38 36, 18 46,47 46,93 46,93 

Co o 0,01 o o o o o o o 0,08 0, 11 0,08 

Ni 0,07 o o 0,02 0,02 0,02 0,02 o 0,04 0,06 0 ,03 0,02 

Sb o o 0, 13 0,78 o 11 ,59 10,49 10,6 11 ,8 1 o o o 
Au o 0,004 o o 0,03 o o 0,18 o 0,04 o o 
Cu o o o o o o o o o o 0,01 o 
L 100,28 97,89 98,36 99,75 99,89 99,01 99,44 99,34 98,63 100,36 99,72 100,87 

atom. % 

s 34,87 31,89 34,66 32,12 33,99 31,95 34,01 33,82 . 33,411 32,67 32,57 32,86 

Fe 32,73 33,64 32,68 33,26 32,83 33,98 33,02 32,76 33,092 33,49 32,96 33,21 

As 32,33 34,46 32,6 34,25 33, 15 28,55 28,07 28,41 27,86 1 33,7 34,33 33,84 

Co o 0,01 o o o o o o o 0,08 0,1 0,07 

Ni 0,07 o o 0,02 0 ,02 0,01 0,02 o 0,042 0,05 0,03 0,02 

Sb o o 0,06 0,35 o 5,51 4,88 4,96 5,594 o o o 
Au o o o o 0,0 1 o o 0,05 o 0,01 o o 
Cu o o o o o o o o o o 0,0 1 o 
I 100 100 100 100 100 100 100 100 100 100 100 100 
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Fíg. 6. Zoned arsenopyrife (magnification 
2400x) with galenite veins from the locality 
Bruchatý · Grúnik. Dark zanes (ľab. 2a, 
Ana/yses No. 14-18), light zone in the midd/e 
of the grain - arsenopyrile-(Sb), (ľab. 2b, 
Analyses No. 19-22). 

(Co) (5 measurements): Ni 14.988, Co 13 .104, Fe 6.538, 
Sb 0.004, Au 0.035, Cu 1.136, As 43.588, S 19,442, 
98.835 wt.%. 

Cobaltite CoAsS, together with pyrite, galenite, 
minerals of isomorphous tetrahedrite-tennantite series and 
another Ni-Co-bearing minerals, is rarely found in arseno­
pyrite veins at the Bruchatý Grúnik and tailing píle ofthe 
Zubau gallery. It is usually idiomorphic or hypidio­
morphic and it has chemical zonality. It was identified 
optically and preliminary by EDAX (Co 27.25, Ni 5.27, 
Fe 7.89, As 35.76, S 23 .82, 100.00 wt.%). 

Marcasite FeS2 (rhombohedron) occurs rarely in 
siderite mineralization in a form of very tiny grains in 
quartz. Sometimes it replaces pyrite, or it comes into ex­
istence by its recrystallisation. lt was identified optically 
and preliminary by EDS analysis. 

Arsenopyrite FeAsS, together with pyrite and Fe-To­
bearing oxides is abundant in altered, strongly silicified 
zones, where it forms several mm thick veins and impreg­
nation composed of heavily cataclastic, less idiomorphic 
grains at the edges of hydrothermal siderite veins. Jt is 
exceptional in siderite veins with quartz-sulphide mínera! 
association, where it occurs as individual idiomorphic 
grains or in clusters in quartz together with chalcopyrite, 
tetrahedrŕte, pyrite, galena and sulphosalts. Ni-Co min­
eralization occurs in arsenopyrite veins with pyrite at the 
mining area Helena. Arsenopyrite sometimes has optical 
zoning, the most common zoning is the hourglass and 
sector zoning. At Bruchatý Grúnik, where it, together 
with Ni-bearing diarsenides, tetrahedrite and galenite, 
occurs in quartz-carbonate vein rocks it forms idiomor­
phic crystals with characteristic oscillate zoning. Later 
galenite veins often penetrate into idiomorphic arsenopy­
rite grains. Tiny inclusions of galenite are also often, 
mostly in centre of arsenopyrite crystals. It was identified 
optically with reflected light and by WDS (Tab. 2a, 2b). 
In Tab. 2a. (Analyses No. 1-3), there is idiomorphic 
zoned arsenopyrite within tetrahedrite. The measured 
zones are from the lightest (increased concentration of 
As) to the darkest phase (increased concentration of S). 
Similar zoning has arsenopyrite grains from the Analyses 
No. 4-6. The Analyses No. 14-22 (Tab. 2b) are analyses 
of very fine zoned arsenopyrite that is scattered in block 
quartz from brecciated fragments of a carbonate-sulphide 
vein. The lightest phase in the crystal centre is formed 
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with arsenopyrite - Sb (the Analyses No. 19-22, Fíg. 6). 
Arsenopyrite from the locality Bruchatý Grúnik contains 
up to 0.28 wt.% Ni, Co is not present at all. Arsenopyrite 
from the locality Helena contains up to 0.11 wt.% Co; Ni 
is presented only in O.OX wt.%. In some cases we have 
measured increased concentration of Au by EDS (see 
Tab. 2). 

Sulphosalts are represented in siderite veins by miner­
als of pavonite homologous series and isotype series of 
aikinite. 

Sulphosalts of pavonite homologous series are repre­
sented by benjaminite (Ag3Bi7S 12) that exceptionally oc­
curs together with chalcopyrite in veins within quartz. 
lt forms segregate inclusions up to IO µm large in sul­
phosalts, which are with their chemical composition 
similar to bismuthite and members of aikinite isotype se­
ries. Benjaminite is chemically homogeneous. It was 
identified by WDS analysis. Sulphosalts, according to 
their chemical composition resemble probably to boro­
daevite (?), were found at the locality Bruchatý Grúnik, 
where they form up to I mm large needle-shaped crystals 
within ankerite together with galena, chalcopyrite, tetra­
hedrite and another sulphosalts. Allotriomorphic grains 
are homogeneous. Mainly the needle-shaped crystals in­
tergrow with galenite and another sulphosalts. These 
sulphosalts sometimes contains very tiny inclusions of 
galenite. They have been identified by electron micro­
probe. Their chemical composition is subject of next 
research. 

Typical and for siderite veins of this area characteris­
tic sulphosalts of aikinite isotype series are represented 
mainly by lindsträmite (Cu3Pb3Bi7S18) , hammarite 
(Cu2Pb2Bi11S1s), friedrichite (Cu5Pb5BhS 18), less pecoite 
(?) (CuPbBi 11 S,s), krupkaite (CuPbBi3S6) and aikinite (?) 
(CuPbBiS3). They are extended almost at all siderite or 
siderite-barite deposits between Vyšná Boca and Jarabá, 
however, mostly in microscopic sizes. Only in one tailing 
píle at the vein system Paurovská these sulphosalts occur 
also in form of indivídua! needles, clusters and bush like 
formation that is large up to several cm and composed of 
light-grey needles . Sulphosalts occur in white-grey quartz 
in association with disseminated siderite crystals or small 
siderite clusters, pyrite, tetrahedrite and minerals of chal­
copyrite group. Sulphosalts are the main ore minerals . At 
the other localities, the sulphosalts of aikinite isotype 
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series occur usually in association with chalcopyrite, tet­
rahedrite and pyrite within white quartz or exclusively 
within barite as well (Kumštová dolina valley). The nee­
dles ofthé sulphosalts are up to 2 mm large, 0.5 mm thick 
and they are variably folded . Some of them form small 
inclusions in chalcopyrite or tetrahedrite, which are result 
of magmatic segregation. They have been identified with 
reflected light and by EMPA (Fig. 7). 

Cu,S 

• Klíesflova 
o Paurovská) 

(81,Sb),S, 

ll teoretické zloženie 
(MoE'lo el al 1994) 

PbS 

Fig. 7. Sulphosalts o/ aikinite isoseries from Vyšná Boca 
deposit .. 

Fíg. 8. Sulphosalts o/ bismuthite-aikinite series (light; in right 
half) with tetrahedrite (grey), pyrite (dark-grey, idiomorphic) 
and siderite (b lack-grey, allotriomorphic) in a quartz (black) 
/rom the locality Paurovská. 

Tetrahedrite Cu 12Sb4S13 is the main ore mineral ofthe 
quartz-sulphide mineral association. It occurs in form of 
allotriomorphic, exclusively also as hypidiomorphic or 
idiomorphic aggregates, mainly in cracks and weakened 
zones within white quartz, rarely within carbonates and 
barite. lt occurs individually or in clusters or grains to­
gether with chalcopyrite, pyrite, less with galena, 
sphalerite, arsenopyrite and Cu-Pb-Bi sulphosalts. 
Bruchatý Grúnik, the tetrahedrite forms compact mass 
large up to several cm2

• They are often intergrowth with 
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galenite, sphalerite, less with Ni-bearing diarsenides . 
Sometimes it is replaced by chalcopyrite. On some 
aggregates of tetrahedrite oscillate chemical zoning can 
be observed. This is caused mainly by content of Sb, less 
by content of As, Cu and S. lt contains inclusions of 
chalcopyrite, sphalerite, pyrite and galena, and it itself 
forms inclusions in metacrystals of pyrite. It has been 
identified optically with reflected light and by electron 
microprobe (Tab. 3a, 3b), and with help of reflectance 
curves (Fig. 9). In comparison to tetrahedrite from the 
Kumštová dolina valley (see Tab. 3a, analyses 1-3 and 
9-11 ), the higher reflectance in tetrahedrite from the 
locality Paurovská is caused mainly by higher 
concentration of Bi, less by higher ratio of Sb:As with 
advantage to antimony. In Tab. 3b, there are analyses of 
zoned tetrahedrite (Analyses No. 16-22). They are 
ordered from the lightest to the darkest phase. The zoning 
is caused by variation of Sb and As concentration. 
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Fíg. 9. Rejlectance curves o/ te/rahedrite /rom the Vyšná Boca 
area (PAU 313 - Paurovská, KUM 2/ 1 - Kumštová dolina 
valley). 

Tennantite Cu 12As4S13 occurs in the vicinity of Vyšná 
Boca only in arsenopyrite veins in the mining area Helena 
(Fig. 5), where it is in association with Ni-Co-bearing 
minerals, pyrite, galena, quartz and carbonates, and in the 
mínera) deposit Chopec (Fig. 1 O). At Chopec, tennantite, 
together with siderite, barite and galena, is the most 



D. Ozdín, M Chovan: New mineralogical and paragenetic knowledge ... 

263 

Tab. 3a. Point e/ectron mícroprobe analyses of tetrahedrítefrom the Vyšná Boca area. 

P aurovs k á K 1 i e s ň o v á Kumštová dolina K r á 1 i č k a 
wt.¾ 1 2 3 4 5 6 7 8 9 IO II 12 13 14 15 

Cu 37,74 37,72 37,72 41 ,84 39,77 39,27 39,64 39,05 40,6 40,36 40,89 39,35 39,77 39, 15 38,88 
Ag 1,6 1,35 1,05 1,2 1,04 1,21 1,03 1,25 1,49 1,38 1,22 0,05 0,3 0,69 0,35 
Fe 2,52 2,7 2,17 3, 17 2,79 2,74 2,86 2,77 3,25 3,26 3,35 3,21 3, 17 3,3 3,34 
Zn 4,27 3,98 4,39 4,04 4,48 4,37 4,47 4,34 3,34 3,27 3,35 3,68 3,76 3,6 3,65 
Hg o o o o o o o o o o o o o o o 
Sb 25,72 25,37 25 ,75 19,12 18,57 18,64 19,28 19,19 19,4 19,62 19,04 23,14 22,79 22,84 22,3 
As 0,75 0,89 0,8 5,37 6,9 6,64 6, 13 6,44 6,05 6,48 6,44 4,7 4,79 4,73 5,07 
Bi 3, 16 3,21 2,64 1,24 0,53 0,49 0,41 0,97 0,44 0,2 0,59 o o o o 
s 24,99 25,04 24 ,97 22,82 26, 17 26,27 25,96 24 ,6 25 ,86 26,21 26,32 25,55 24,96 24,91 24 ,72 
I 100,8 100,26 99,49 98,8 100,3 99,63 99,78 98,6 1 100,4 100,8 101 ,2 99,68 99,54 99,22 98,3 1 

atom.¾. 

Cu 34,23 34,28 34,46 37,95 34,44 34,17 34,57 
Ag 0,86 0,72 0,56 0,64 0,53 0,62 0,53 
Fe 2,61 2,8 2,25 3,28 2,75 2,72 2,84 
Zn 3,77 3,51 3,9 3,58 3,77 3,7 3,79 
Hg o o o o o o o 
Sb L2,17 12,03 12,28 9,05 8,39 8,46 8,77 
As 0,57 0,69 0,62 4, 13 5,07 4,9 4,53 
Bi 0,87 0,89 0,73 0,34 0,14 0,13 0,11 
s 44 ,92 45,086 45,2 41 ,02 44,9 1 45,3 44,86 

I 100 100 100 100 100 100 100 

Tab. 3b. (continued) 

B r u C h a t ý g r ú n i 

wt .% 16 17 18 19 20 21 22 

Cu 37,15 37,78 37,88 38,75 37,95 38,42 38,83 
Ag 2,04 1,37 1,76 1,57 1,71 1,79 1,46 
Fe 2,2 2,2 3,03 3,38 2,84 3,32 3,51 
Zn 4,95 5 4,26 3,74 4,28 3,67 3,71 
Hg o o o o o o o 
Sb 27,84 25 ,63 2 1,92 23,67 22,4 22,7 19,89 
As 1,87 2,9 4,8 1 4,83 4,97 4,51 6,38 
Bi o o o o o o o 
s 24 ,51 25,15 25,29 24,59 25,51 25,31 25,59 

L 100,6 100 98,95 100,5 99,66 99,72 99,37 

atom. % 

Cu 33,67 33,84 33,77 34,49 33,64 34, 11 34,13 
Ag 1,09 0,72 0,93 0,82 0,9 0,93 0,75 
Fe 2,26 2,25 3,07 3,43 2,87 3,36 3,51 
Zn 4,36 4,36 3,69 3,23 3,69 3,17 3,17 
Hg o o o o o o o 
Sb 13, 17 11 ,98 10,2 10,99 10,36 10,52 9,12 
As 1,44 2,2 3,64 3,64 3,74 3,39 4,75 
Bi o o o o o o o 
s 44,01 44,65 44 ,69 43,39 44,81 44,52 44,56 

L 100 100 100 100 100 100 100 

Crystallochemical formula of te trahedrite {recalculated to 16 cations) 

1. {Cu9.15Agi1.25)10(Cuo.19Feo.16Zn1.wh.t>1{Sb3_54Aso.118i11.2Sh.96S1 3.05 
2. {Cu9_79Ag11.z1)1o{Cuo.zoFeo.szZno.szh.cJ.1{Sb3_50Aso.208 io.26h.%S13.14 
3. ( Cu9_g4Ägt>. 1 r.h o(Cuo.22Feo.66Zn 1. >4h.02{Sb3_59Aso.1s8io.21 h.98S 13.20 
4 . {Cu9.s3Ago.11 )io(Cuo.41Feo.s9Zno.97}2_33(Sbz.4.As 1.128io.O'Jh.61S 11 .1 J 
5. ( Cu9,ssAgo, 15)Jo(Cuo.1sFeo.soZn 1. rnh.11s(Sb2.44As 1.418 io.04)J_95S I J.t>1 
6. {Cu9.s2Ago.1s) w( Cuo.1 sFeo.soZ n 1.osh.111i(S b2.4sAs1 _438 icul4h.9sS 13.25 
7. {Cu9_ssAgo_15)rn(Cuo.1sF~ l.82Zn1 .wh.111(Sb2.55As1 .n 8io.0Jh.90S1 J.02 
8. { Cu9_g I Ago_ 19) io(Cuo.1 zF~1.soZn 1.01) 1.99(Sb2.ssAs 1.398 iom )4.01 S 12.40 
9. (Cu9_1sAgo_22)w(Cu,,_40F~1mZno.x1h.14(Sb2.54As1.2<1 8 io.mh.s6S12.ss 
1 O. (Cu9_soAgiuo) 10( Cuo_32F~ 1mZno.sohos(Sb2.s1As us8 io.01 h.96S 13m 
1 1. (Cu9.H2Agt1. 1s)rn(Cuo.J6 F~ 1.YsZno.x1 )2. 12(Sbz.4sAS1.J68io.04hRsS 12.99 
12. (Cu9_99Agi1.m ) rn(Cuo.06F~1,93Zno.9 1)1.Yo(Sb3.0xAs 1.02k10S1 2.YJ 
13 . (Cu9_y6AgtuJ.1)rn(Cu,1.11 Feo.Y 1Zno_93) 1.9s{Sbrn1As1.03)4.c.iS 12.53 
14. ( CuY.'lC)Ägo, IO)IO( Cu,,.osF~ ).96Zl10,89) 1.93(SbJ.cJ.1 AS 1.02)4.Cllis 12.59 

34,96 35,28 34,85 35,13 34,73 35,31 34,93 34,91 
0,66 0,76 0,7 0,62 0,03 0,16 0,36 0,19 
2,82 3,22 3,2 3,27 3,23 3,21 3,34 3,4 J 
3,78 2,82 2,75 2,8 3,15 3,25 3, 12 3,19 
o o o o o o o o 

8,97 8,8 8,84 8,54 10,66 10,56 10,64 10,45 
4,89 4,46 4,75 4,69 3,52 3,6 1 3,58 3,86 
0,26 0,12 0,05 0,15 o o o o 

43,66 44,54 44,86 44 ,8 44,69 43,91 44,04 43,99 
100 100 100 100 100 )()O 100 IOO 

k Pod Š tefanom 

23 24 25 26 27 28 29 
32,9 32,48 34,09 39,15 39,22 39,27 42,4 
7,38 7,79 6,41 0,8 1,04 1,17 1,85 
2,42 1,9 1,94 3,34 3,33 3,25 3,42 
5,25 5,32 5,5 3,23 3,23 3,37 2,82 
o o o o o o o 

27,67 28,2 25,64 2 1,53 21,94 21 ,61 21 ,76 
1,03 1, 11 2,36 5,11 5,16 4,92 3,46 
o o o 0,84 1,04 0,84 0,85 

24,03 23,97 23,57 25 ,6 25,79 25,52 25,35 
100,7 100,8 99,51 99,6 100,8 99,95 101,9 

30,45 30,2 31 ,7 34,61 34,4 34,69 36,89 
4,02 4,27 3,51 0,42 0,54 0,61 0,95 
2,54 2,0 1 2,05 3,36 3,32 3,26 3,39 
4 ,73 4,8 4,97 2,77 2,75 2,9 2,39 
o o o o o o o 

13,37 13,68 12,45 9,93 10,04 9,96 9,88 
0,8 1 0,88 1,86 3,83 3,84 3,69 2,55 
o o o 0,23 0,28 0,23 0,23 

44,09 44, 16 43,45 44,85 44 ,83 44 ,66 43 ,72 
100 100 100 100 100 100 100 

15 . ( Cu9_y5Agi1.os) w{Cu,1.02Feo.97Zno.91) 1.9o(Sb2.99As 1. 10)4.o<JS 12.s1 

16. ( CuY.62Agi1.J 1 )y_93(F~1.65Zn1 .24) 1.s•1(SbJ.16ASo.41 )4.1 sS 12.ss 
17. (Cu•1.1sAgi1.21)9_99(Feo.6sZn 1.26)1 .Y1(SbJ.46Aso.64)4. wS 12.n 
18. (Cu9_73Ago.21)w(Cu,,_04F~1.s9Zn1 .01h.oo(SbwsAs1 .os)4.ooS12.YJ 
19 . { C u9.1sAgo.23)9_9s(Feo_97Zno.91) 1.sx(Sb3_ 11 As 1 .113)4_ 14S 12.21 
20. (Cuy_74Agi,_26) 10(Cuo.01 F~>.s3Zn 1.01) 1.91 (SbJ.ooÄS 1.09)4.@S 12.99 
21. (Cu9_73Agi1.21)10(Cuu. 11 F~1.91Zno.91)1.•l'l(Sb3.03AS0.98)4.01S 12.s4 
22. ( Cu9.1sAgi1.22)10( Cuo.01Fe1 .01 Zno,92)2.m{Sbz.63As1.J1 )4.ooS 12.86 
23. ( Cus.11Ag1 . 1 s)9.s6(F~1.73Zn1 .Js)2.os(SbJ.83AS0.23)4.clliS 12.62 
24. (Cux.6sAg1 .22)9.s1(F~ i.ssZn us) 1.Y6(Sb3_92ASO.zs)4_ 11S 12.65 
25 . (Cus.Y1Ä!ll>.w)9.%(Fen.ssZn 1.41) 1.•J<1(Sb3_szAS<,.sJh.ssS 12.30 
26. (Cu9,xxAgi1.12) 1o(Cuo.16F~>.97Zno.s 1)1.94(SbusAs1. 11 8iom)4.06S 13.01 
27. (Cuy_s4Agi1.16)w(Cu,1. JJF~J.9~11(1.so)1.s9(Sbw 1As1.118io.osk 1oS 13,00 
28. {Cu9_g2Agi1.1s)w(Cuo.21F~1.94Zno.84)1.99(Sbu xAs1 m 8iumk 02S 12.92 
29. {Cu9_73Agi1.21) w( Cuo. 16F~1.%Zno.68)2.<M~ Sb2.x1 AS<i.128 io.01)J.60S 12.43 
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abundant ore mínera( in the ankerite-quartz vein rock. In 
this vein, pyrite and exclusively also sphalerite and chal­
copyrite are also present. Here the tennantite forms very 
tiny grains within quartz, or on the contrary, it forms large 
aggregates (up to 4 mm) and clusters together with idio­
morphic pyrite, sometimes also with galenite within car 
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bonates . lt contains inclusions of pyrite and galena, and it 
itself forms inclusions and smaller rounded aggregates in 
galena. In the mining area Helena, the tennantite seldom 
contains inclusions of tetrahedrite. It has been identitied 
optica lly with reflected light and by WDS analyses 
(Tab. 4) . 

Tab. 4 The electron microanalyses of tennantitefrom the Vyšná Boca area. 

H e 1 e n a S tarobo cia n s ka dol. -C hopec 

wt. %. 1 2 3 4 5 6 7 8 9 10 II 

Cu 43,23 42,36 42,72 41 ,87 41 ,81 42,09 42,51 42,38 42,62 43 ,1 42,5 

Ag o 0,23 0,17 o o o 0,3 0,16 0,26 0,11 0,23 
Fe 6,01 5,84 5,92 6, 12 6,11 6,09 3,14 3,27 3,28 3,34 3,26 

Zn 0,24 0,19 0,3 4,54 4,43 4,59 4,38 4,4 

Hg o o o o o o o o 
Co 0, 1 0,08 0, 14 
Ni 0,08 0,07 0,11 
Au 0, 17 o o 
Sb 4 ,7 4,64 4,64 4,31 4,18 3,87 4,64 4,06 4,58 3,18 3,57 

As 16,8 17,05 16,61 18,17 18,33 18,14 17,31 18,39 17,41 18,38 18,43 

Bi o o o o o o o o 
s 28,44 28,31 28 28,4 28,58 28,32 25,93 27,82 28,06 28,2 25,7 

L 99,42 98,62 98,36 99,22 99,16 98,76 98,37 100,5 1 100,8 100,69 98,09 

atom. %. 

Cu 35,04 34,63 35,06 34,04 33,91 
Ag o 0,11 0,08 o o 
Fe 5,54 5,43 5,53 5,66 5,64 
Zn 0,19 0, 15 0,24 
Hg o o o 
Co 0,09 0,07 

Ni 0,07 0,06 

Au 0,04 o 
Sb 1,99 1,98 1,99 1,83 1,77 

As 11 ,55 11 ,83 11 ,56 12,53 12,61 

Bi o o o 
s 45,69 45,87 45,54 45 ,75 45,93 

L 100 100 100 100 100 

Crystallochemical formu la of tennantite: (recalculated to 16 cations). 
1. Cu10(Cuo nFe1.63Zno.06)2.u1(As3.4uSbu 19)3 9<1S13 .46 
2. (Cu9 91Ago.oi)1o(Cuo.21Fe1.61Znu 04)1 92(As3.50Sbo.ss)4.usS13.s6 
3. (Cu9 9gAgo.02)1o(Cuo.nFel.6iZno 01)2 02(As3.40Sbo.ssh9xS 13.38 
4. Cu 1o(Cuo_04F e1.61Coo_o3N io 02Auo.01) 1. n(AsJ.69S bo.s4)4.23S 13.49 
5. Cu1o(Cuo_04Fe1.61Coo 02Nio.02)1 1s(As3_nSbo.s2k2sS 13.60 
6. Cu1o(Cuo.wFe1 66Coo 04Nio.OJ)1.u(As3_69S bo.4x)4.11S13 47 
7. (Cu9_96Ago_04)w(Cuo.oKFeo.s4Zn 1,04)1.%(Asi.41Sbo s1)4 04S12.13 

Fig. IO. Tennantite (grey) wíth galenite (white) and pyrite 
(dark-grey) from the deposit Chopec 

34,27 35,68 34,36 34,45 34,65 35,7 

o 0,15 0,08 0,12 0,05 0,11 
5,64 3 3,02 3,0 1 3,06 3, 11 

3,7 3,49 3,6 1 3,53 3,6 
o o o o o 

0,12 
0,1 
o 

1,64 2,03 1,72 1,93 1,34 1,57 

12,53 12,32 12,64 11 ,93 12,53 13, 13 

o o o o o 
45,7 43, 12 44,7 44,94 44,94 42,78 

100 100 100 100 100 100 

8. (Cu9_94Ago.02)Y.'16(Feo x1Zn 1 01) 1.KK(Asi.66S bo.so)4_16S 12_93 
9. (Cu9_91Ago_o1)10(Cuo us Feo K1Zn I os)1.91(As3.41Sbu.s6)4.uJS 13.06 
1 O. (Cu9_99Ago_u 1)1o(Cuo oKFCo.K9Zn 1 oo) 1,91(ASJ.64Sbo, 39J◄ .uiS 13.06 
11. (Cu9_97Agou3)1o(Cuoo1Feo_x,Zn1.01)1.x9(As1.61Sbo.44)u1S1196 
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Fig. 11. As - Sb relationship in minerals of tetrahedrite -
lennantite seriesfrom the Vyšná Boca area. 
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Fig. I 2. Triangular diagram o/ Ag-Zn-Fe-bearing tetrahedrite­
tennantite from the Vyšná Boca area. 

Hematite F~O3 usually occurs in thin, practically mo­
nomineralic little veins composed of fine tlaky variety of 
specularite. Specularite forms flakes and lamellas large 13 
mm. The li ttle veins are abundant in surrounding rocks 
and in ore vein where they transect all other types of 
mineral associations. Hematite is more abundant in barite­
rich veins then in typical siderite-quartz veins with 
sulphide. In the locality Bruchatý Grúnik it forms little 
black veins composed ofvery tiny hematite micro-crystals 
in association with idiomorphic pyrite with hexahedron 
habit. The hematite was identified optically with reflected 
light and by EDA.X. 

Quartz (SiO2) is abundant mínera! in al! mineral de­
posits in vicinity of Vyšná Boca. In siderite ore veins with 
quartz-sulphide mineralization it forms two generations: 
the older quartz is subtranslucent and forms up to 5 mm 
Jarge mineral fragments in fine-grained siderite. The 
younger quartz is usually milky-white, more idiomorphic 
then the older and has sulphide mineralization in cracks 
(mainly tetrahedrite, chalcopyrite and pyrite). It forms 
veins usually 15 mm thin in coarse-grained siderite with 
which it often form combed intergrowth. At the siderite­
barite deposit Pod Štefanom it often forms two genera­
tions . The older is coarse-grained quartz and the younger 
is fine-grained inlaid quartz that is intergrowing with car­
bonates. At the end of Kumštová dolina valley the quartz 
often forms idiomorphic hexahedral up to 4 cm long and 
8 mm thick white crystals grown perpendicularly on base 
rock. Quartz is also a main mineral containing sulphosalt­
carbonate fill on locality Paurovská. ln quartz-carbonate­
sulphide . veins with abundant ankerite (the locality 
Bruchatý Grúnik and deposit Chopec) quartz forms seve­
ral generations. The different quartz generations mutually 
differ not only by structure features, but also by content 
and quality of different sulphide and sulphosalts, colour, 
light transmissivity, mineral morphology etc. The quartz 
was identified optically and by X-ray diffraction analyses 
as subsidiary mineral during analyses for carbonate and 
barite. 
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Siderite (FeCO3) is very abundant and dominant car­
bonate in most of carbonate-quartz-sulphide veins. 
Siderite has light brown to dark-brown colour, it is 
opaque with duli luster and fine to coarse-grained. The 
grain size is in range from O.X - 18 mm. Siderite, together 
with quartz, barite, pyrite, chalcopyrite, tetrahedrite and 
sulphosalts of aikinite isoseries, occur in siderite veins . In 
ankerite veins it forms up to 1.5 cm thick veins filling and 
noddles and is associated with ankerite, quartz, galena, 
pyrite and tennantite. Siderite usually contains only very 
little sulphide relatively to content of quartz and barite . 
The highest concentration of disseminated sulphide is in 
fine-grained siderite (Bruchatý Grúnik, Pod Štefanom). 
There is almost none disseminated sulphide in coarse­
grained siderite vein (Paurovská-Rovienky vein system). 
Sometimes, in fine-grained siderite, there is usually 
almost monomineralic idiomorphic pyrite (hexahedron, 
pentagonal dodecahedron). Siderite often cements rock 
and mica fragments at smaller occurrences (Nižná 
Helena, Sanica, Podvrch). In siderite-barite deposits (Pod 
Štefanom, Kumštová dolina valley, Králička) siderite is 
often oxidised. Siderite was identified optically with 
transmitting and reflected light and also by OTA, X-ray 
diffiaction analyses and manometry analyses (Tab. 5). 
These analyses suggest that more abundant members of 
siderite-magnesite isomorphous series are those with 
higher content of iron (siderite, sideroplesit). Tab. 5 does 
not include percentage content of CaO and MnO, because 
the contents were under the detection limit of the used 
manometry analyses and thus they are included into 
content of FeO. In insoluble residue of manometry 
analyses of carbonates we have identified mainly quartz 
(about 99 % in average), and accessory amounts of 
various micas (mostly muscovite), chlorites, rock 
fragments and unidentified grains, which proves that 
siderite veins have brecciated structure where framework 
of small siderite veins cements fragments of rocks and 
minerals . In samples No. 7, 8, 9 and 11 there was in­
creased amount of grains of ore minerals (about 0,5 - 3 %). 
In the insoluble residue there were these ore minerals: 
chalcopyrite, tetrahedrite and pyrite that was dominant 
over other minerals in the sample No. 9. 

Ca/cite CaCO3 was found only in one sample from 
Bruchatý Grúnik, where it forms up to 1.4 mm large 
grains composed of white to grey-white rhombohedron 
crystals. The calcite, together with dolomite, form clusters 
in siderite, which are intersected with ankerite veins. It 
was identified optically with transmitting light and by 
EDS analysis. 

Ankerite, CaFe(CO3) 2, occurs rarely in studied area. It 
is abundant at Bruchatý Grúnik, where often coarse­
grained white ankerite forms up to 3 cm thick veins pene­
trating through siderite and quartz veins . In most siderite 
veins the ankerite occurs in-rare small veins within 
siderite and quartz. At the locality Chopec, there are 
quartz-ankerite veins, where ankerite occurs in associa­
tion with siderite, galena, tennantite and pyrite . In places 
coarse-grained ankerite dominates over quartz. In such 
places the hypidiomorphic ankerite phenocrysts are up to 
2 cm large. The ankerite was preliminary identified by 
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Tab. 5. The results ofmanometry analyses o/ siderite/rom the Vyšná Boca area. 

Kliesňová Helena p a u r 

Analys is No. 1 2 3 4 5 

FeO 52,27 55,66 58,02 60,71 54,97 

MgO 6,12 3,73 3,08 I 5,43 

C02 41 ,61 40,61 38,9 38,29 39,6 

(Fe,Mg)COJ 91 ,95 96, 18 96,58 96,48 75,4 

lnsoluable r. 8,05 3,82 3,42 3,52 24,6 

Carbon.mem. sidpl. sidpl. sid. s id . sidpl. 

measurement of refractive index, and by OTA and ma­
nometry analyses (locality Pod Štefanom: CaO 14.78, 
(FeO+MnO) 25.99, C02 40.81 , CaFe(C03) 2 92.97 wt.%, 
insoluble residue 8.03 wt. %). 

Dolomite CaMg(C03) 2 is very rare in siderite depos­
its . It was found only in one sample from the locality 
Bruchatý Grúnik where 2 mm large black-grey dolomite 
crystals form grains with calcite and tiny ankerite veins 
within siderite. Part of the dolomite has increased con­
centration of FeO, which classifies it among Fe-bearing 
dolomite . members. The dolomite is probably coloured 
with graphite pigment. The dolomite was identified by 
EDAX. 

Kutnohorite (?) CaMn(C03) 2 was found only in one 
sample from the locality Kliesňová, where it forms 4 mm 
thick vein within siderite. lt was identified by X-ray dif­
fraction analysis (Tab. 6.). The table shows up, that it is 
carbonate from dolomite isomorphous series. The values 
ofinterlamellar distance (b) do not match the table values 
of dolomite, ankerite or kutnohorite, however, they are 
very close to them. This means, that it is member with 
strong isomorphism, and according to JCPDS tables 
(Berry ed., 1974) the values of interlamellar distances are 
nearest to member kutnohorite-(Mg). 

Barite BaS04 is abundant mainly in northem vein area 
(end ofthe Kumštová dolina valley, Králička and the de­
posit Pod Štefanom), where it often intergrow with oxi­
dised siderite and less often with quartz in association 
with chalcopyrite, tetrahedrite, pyrite and galena. It is rare 
in the soúthem vein system Paurovská - Rovienky and at 
Bruchatý Grúnik, where white barite forms mostly thin 
and short veins within gneisses, or it intersects older 
coarse-grained siderite and milky-white quartz with sul­
phides. Barite occurs as tiny grains in quartz-ankerite 
veins with galenite and tennantite (± pyrite, chalcopyrite) 
at the deposit Chopec in Starobocianska dolina valley. 
Macroscopically it is usually fine-grained, only in 
Kumštová dolina valley and Králička it is also compact. 
The colour of the barite is white, only at localities where 
it is abundant it has also pink, grey, brownish and yel­
lowish colour. Barite from Králička and Paurovská has 
sometime bright-green luminescence under a ultraviolet 
lamp. The luminescent colours form streak and diffusion 
structures. It was identified by X-ray diffraction analysis 
(locality Pod Štefanom: 4.34 (33), 3.90 (40), 3.579 (40), 
3.442 (100), 3.3198 (85), 3.103 (98), 2.839 (45), 2.731 
(50), 2.122 (83), 2 .109 (83)) and with help of refraction 
index. (Np = 1.623, Ng = 1.643 ; Paurovská). 

o v s k á Kum. dol. Pod Štefanom Chopec 

6 7 8 9 IO 11 

59,54 57,66 62,01 46,62 51,44 55,72 

1,91 

38,55 

92,1 

7,9 

sid. 

3,36 o 8,23 5,86 4,85 

38,98 37,99 45, 15 42,7 39,43 

69,77 78,6 95,2 95 ,55 96,3 

30,23 21 ,4 4,8 4,45 3,7 

s id. sid. pis. sidpl . s idpl. 

Tab. 6. X-ray powder diffraction analyses o/ 
kutnohorite-(Mg) from the Vyšná Boca area. 

dtab Itab d 1 

5,41 2 

4267 2Q 

3,73 8 3,722 7 

3,349 8Q 

2,91 100 2,91 100 

2,701 2 2,696 2 

2,564 2 

2 423 6 2,421 5 
2,209 IO 2,205 I I 

2,031 6 2,026 7 

1,862 4 1,858 3 

1,823 IO 1,82 12 

1,804 12 

1,8 IO 1,799 12 

1,578 2 

1,556 4 1,552 4 

1,512 2 1,507 1 

1,477 4 1,474 3 

1,457 2 1,454 3 

1,445 2 

1,398 2 1,396 3 

1,348 3 

1,309 2 

1,28 16 2 1,2799 2 

1,2456 2 

1,2071 2 

1,1799 2 1, 1776 2 

1,1524 2 

1,1328 2 

1,1176 4 1, 1149 3 

Schorl (?), NaFe3Al6Si60 18(B03h(OH)4 was found 
only in one sample from Čertovica (under Rovienky), 
near a place where siderite veins crop out. About 2 cm 
large black tourmaline with vertical striation was em­
bayed into white quartz. Jt was identified only visually. 

Secondary mínera/s 

Covellite CuS occurs in siderite veins rarely, but 
regularly. It is more common at the local ity Pod Šte­
fanom, where it occurs in chalcopyrite and tetrahedrite 
together with galenite and secondary Cu and Fe-bearing 
minerals (Fig. 13). It forms only very tiny, microscopic 
grains usually in chalcopyrite or tetrahedrite. It was iden­
tified with retlected light and preliminary by EDAX. 
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Fig. 13. Covellite (the darkest zone) with secondary Cu-bearíng 
mínera/s and galena (whíte) in tetrahedrite (black-grey) /rom 
the deposít Pod Štefanom. 

Goethite a-FeO(OH), together with another Fe-bear­
ing oxides and hydroxides, is omnipresent mineral in 
siderite deposits and occurrences. It is part of oxidised 
zones, where it is product of weathering of carbonates, 
mainly siderite. Crystalline crust up to 0.8 mm thick 
occurs mainly on tailing pile of the gallery Vyšná Helena 
at the end of Kumštová dolina valley. It often has film, 
mamillary, radiolitic and crustal forrns . It was identified 
optically with transmitted and reflected light. 

Fe-bearing hydroxides are very abundant and regular 
companion of Fe-bearing carbonates in ore veins. They 
intensively replace mainly siderite, but also ankerite, py­
rite, chalcopyrite (Fig. 14) and less tetrahedrite. They 
often penetrate along planes of cleavage of siderite and 
often fill ·narrow fissures and cracks in quartz. Skeleton, 
netted, bushy, finger-Iike and film structures are the most 
abundant grain shapes of all they have. They were identi­
fied optically with reflected light and by EDS analyses. 

Fig 1./. I ~rdroxid11s uf im11 i11lť11SÍľi!ly ľ<'placi11g chalcopyrite, 
the Vyšná Boca area. 

Aragonite CaCO3 was found in the gallery Helena, 
where it forrns clusters of tiny crystals spread over area 
several cm2

. Up to I mm large transparent crystals of 
aragonite have glassy luster, needle-shaped habit and usu­
ally grow on coarse-trained siderite. At the other siderite 
localities the aragonite is abundant and forms thick milky­
white to pinkish-white film and thin crusts. It was identi­
fied optically and by X-ray diffraction analyses (Tab.7). 
In reaction with HCl it fizzles and di ssolves. 

Tab. 7. X-ray powder di.ffraction analyses 
of aragonite from the Vyšná Boca area. 

dtab* Itab* d I 

4,212 2 4,29 17 

4,27 19 
3,396 100 3,36 100 

3,33 52 
3,273 52 3,28 42 

3,03 7 
2,871 4 2,88 18 
2,73 9 2,81 IO 
2,7 46 2,71 43 

2,48 1 33 2,49 35 
2,409 14 2,41 9 
2,372 38 2,37 32 
2,341 31 2,34 34 
2,328 6 2,33 34 
2, 188 II 2, 19 19 
2, 106 23 2,1 44 
1,977 65 1,98 1 68 
1,882 32 

1,877 25 1,877 31 
1,814 23 1,824 II 
1,759 4 1,755 15 
1,742 25 1,738 16 
1,728 15 

1,698 3 1,70 1 4 

*-Berry (ed.)(1974) 
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Azurite CuJ(CO3) 2(OH)2 occurs together with mala­
chite and another yet not identified secondary Cu-bearing 
minerals and Fe-bearing hydroxides in oxidised zone of 
siderite deposits. It occurs relatively more often at the de­
posit Pod Štefanom and in the lowest levels of the end of 
Kumštová dolina valley. Usually it occurs in a form of 
thin firrn and crystalline crusts, rarely it forrns 0.8 mm 
large translucent deep-blue crystals freely grown on 
weathered siderite or in voids in limonite. Sometimes it 
forrns fluidic crystalline structure. It was identified opti­
cally and by morphology of the crystals. 

Malachite Cu2(CO3)(OH)z often occurs together with 
another secondary Cu- and Fe-bearing minerals in oxi­
dised zone of iron ore deposits and occurrences of the 
Vyšná Boca area. It forrns usually thin firrns or pulveru­
lent aggregates. Malachite from these localities has char­
acteristic green colour without significant light- or deep­
green shade. It was identified optically and by EDAX. 

Pharmacosiderite KFe4(AsO4)J(OHk6H2O is very 
rare. lt was found near the surface where mylonite zone 
crops out of the mountain ridge Rovienky. Here far­
makosiderite forrns very tiny grey-green to ye llow-green 
crystals grown on goethite. lt occurs in voids and cracks 
of yellow-brown to brown quartz together with ferisym­
plezite and Fe-bearing hydroxides. It was identified by 
EDAX. 

Ferísymplesite Fe3(AsO4)z(OH)3.5H2O is rarely found 
on the mountain ridge Rovienky in the crops out of mylo­
nite zones. It forrns film, collomorph and colloidal brown 

7 

1 

1 

1 

1 
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aggregates grown on goethite, less on farmakosiderite. It 
occurs in voids and cavities of limonite. It is similar to 

opal, evansite or metahalloysite. X-ray amorphous feri­

symplesite was identified by EDS analysis. 

In the Kumštová dolina valley we have found mala­

chite and azurite together with olive-green firms and 

crystalline earthly aggregates containing Cu, Sb, Fe and 

less As. This miscellany of minerals comes to existence 

probably as secondary products of weathering of tetra­

hedrite. It was identified by EDAX. 

Ore te.xtures 

Cocarde and mainly brecciated textures are the most 

common in siderite mineral deposits with quartz-sulphide 

mineral association. The genetically oldest quartz is dis­

seminated in fine to medium-grained siderite, together 

with pyrite and another sulphides, muscovite (sericite) 

and chlorite. Siderite often cements rock fragments, as 

well as pieces of altered rocks. Coarse-graíned siderite, 

together wíth younger quartz, has combed textures. In a 

sulphosalt vein at the locality Paurovská, rarely grey­

whíte quartz containíng dissemínated siderite, sulphides 

and mainly sulphosalts envelope and enclose fragments of 

altered rocks as well as coarse-graíned siderite that ís 

combed íntergrown wíth black-white quartz. Several mm­

large clusters of often idíomorphic siderite crystals dis­

seminated in quartz gives to veins here and there noddle 

character. Finger-like intergrowth of siderite and barite 

can be observed at the mínera! deposit Pod Štefanom. In 

Kumštová dolina valley, sometimes barite, together with 

hematite, siderite, rarely also with quartz, form banded 

textures. At Králička and at míníng area Eduard, baríte ís 

often massive and compact. Barite from monomineral 

barite veín at Chopec has coarse-crystal character. 

Quartz-ankerite vein with galenite and tennantite from the 

mineral deposit Chopec has brecciated textures at the 

places where fragments of siderite, ankerite and some­

times also altered rocks are enclosed in quartz. Galena 

with tennantite forms disseminated textures here . Quartz 

of several generations can be observed here. Cavities with 

tiny quartz crystals in the gallery Helena and barite in 

access gallery SW from the cottage Barbora at Vyšná 

Boca have drusy character. Sulphides in siderite deposits 

and occurrences occur in a form of veins and impregna­

tion or they are einsprengled into carbonates, quartz and 

barite. Sometimes they form skin around quartz and 

ankerite grains. 

Tlte Mineralization Development 

Several mineral paragenetic associations are distin­

guished within the siderite mineralization. They are or­

dered from the oldest to youngest ones, however, their 

age relations are not always proved enough. 

1. The oldest evidence of hydrothermal mineralization 

in the studied area is the intensívely silic ified zones with 

arsenopyŕite veins and disseminated pyrite. The siderite 

veins are strictly delimited from the hydrothermal altered 

zones or the thin siderite veins penetrate more or less into 
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the silicified rocks. We incorporate into this phase the 

arsenopyrite veíns with pyrite and Ni-Co-(Cu) mineraliza­

tion of the adjacent rocks of siderite veins from the 

locality Helena. The position of quartz-tourmaline míne­

ra] association (Čertovica) has not been solved yet. With 

respect to the fact that it occurs in siderite deposits or in 

theír neighbourhood, for instance Mýto pod Ďumbierom -

Hviezda south (Majzlan and Chovan, 1997), it is probable 

that it is one of the siderite míneralization phase. 

2. The siderite phase is represented by siderite veins 

with younger quartz-sulphide mínera] association. The 

sulphídes (pyrite, chalcopyrite, and tetrahedrite) form the 

thin veins in the milky-white quartz. Typical characteris­

tics of the veins are coarse-grained and medium-grained 

siderite, thin oxídation zone (sometimes is missed) and 

the typical comb intergrowth of quartz and s iderite. The 

three characteristic generation are distinguished: the old­

est fine crystalline siderite I cementing the quartz frag­

ments (probably rocky one) and the fragrnents of the 

altered rock. The main mass of siderite II is formed by 

coarse-grained and medium-grained, less fine-grained 

siderite. The youngest siderite III forms less occurred 

short thin veins that cross the previous two generations of 

siderite. These thin veins themselves can form several 

generations. 
3. In the second phase the quartz-sulphosalt vein 

(Paurovská) was probably formed. The typical propertíes 

of this vein are sulphosalts and carbonates occurrences in 

the scattered form (disseminated textures) in grey-white 

and grey quartz. Except of the typical mineral compo­

sition some minerals have the specífic chemical 

composítion (for instance - tetrahedrite) that is different 

from minerals occurred in other carbonate-quartz­

sulphide veins. Breccia fragments of quartz and siderite 

comb intergrowth from the previous phase are in the main 

quartz vein rocks . 
4. In the third phase the younger siderite-barite veins 

were formed that are different from siderite ones of the 

first phase because of having more of baríte component 

and sulphides occur more-less in noddle forms. Siderite 

form two main generations: siderite I is older than all 

other types and barite generations, and siderite II forming 

thin veins is younger than all barite types. The age rela­

tion between older and younger siderite veins in the N izke 

Tatry Mts. was pointed out by Turan ( I 962) who distin­

guished the different concentrations of Sr in barite of 

various veins. 
5. In the fourth phase the quartz-ankerite vein was 

probably formed with the younger galena-tennantite 

paragenesis in Chopec. This vein is characterised by 

plenty of quartz and pyrite types. lt is younger than 

siderite veins because it encloses the fragrnents of older 

siderite. lt occurs in granitoid rocks. 
6. The youngest one in the area, in accordance with 

the present knowledge (Chovan et al., 1995 etc.), is the 

hematite mineralization where the hematite veins inter­

sects all the previous types of ore mineralization. The 

similarities in age have the thin siderite veins interferíng 

into Lower Triassic Lužnianske layers near Kumštové 

sedlo pass. 
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7. In the supergene phase were forrned mainly Fe­
bearing hydroxides for instance goethite (Helena, Kum­
štová dolina valley, Králička) , less the Cu-bearing secon­
dary minerals - malachite and azurite (Pod Štefanom, 
Kumštová dolina valley, Králička) and rarely Fe-bearing 
arsenates (Rovienky). The most abundant carbonate is the 
supergene aragonite that forms films in all the siderite 
deposits. 

Discussion 

Papp ( 1919) collected the first complete data about 
the iron ore in the Vyšná Boca area. By field and labora­
tory investigation we have found that the data about iron 
ore occurrences in the Vyšná Boca area (names, location 
and characteristics of the old mine works) as well as the 
analyses published in Papp 's work do not correspond with 
the present knowledge, Zoubek ( 1951) noted already that 
fact. 

From the carbonates on hydrotherrnal veins siderite is 
the most abundant one (variety sideroplesite, pistomesite) 
that significantly prevails in the majority of deposits and 
occurrences over carbonates of dolomite-ankerite series. 
From the chemical composition of the carbonates of 
siderite-magnesite series of the different phases of siderite 
mineralization is obvious that in all types of siderite veins 
the quantitative composition of itidividual members of the 
series is almost the same. The calcite almost does not 
occur in siderite veins. Jt was found just in one sample in 
Bruchatý Grúnik in paragenetic association with dolo­
mite, ankerite and siderite. The quantitative occurrence of 
the various carbonates and their chemical composition is 
very similar to the carbonates of siderite ore mineraliza­
tion in the Spišsko-gemerské rudohorie Mts. (Cambel and 
Jarkovský, ed. , 1985). · 

The gold presence in siderite veins was not confirrned 
(Maderspach, 1880; Toth, 1982). The occurrence of the 
free gold is not supposed in this type ofmineralization. 

The chemical composition of arsenopyrite from 
Vyšná Boca is the same as in other hydrothermal 
deposits in the Západné Karpaty Mts. (see Stankovič , 

1998 etc.). At the locality Bruchatý Grúnik the arseno­
pyrite occurs rarely, it contains up to 11 ,6 wt. % Sb 
(Tab 1, analysis no 19-22). Similar type of arsenopyrite 
is sometimes gold bearing. The gold is probably fixed in 
lattice of arsenopyrite (Andráš et al. , 1993). According 
to our investigation its distribution is random in 
arsenopyrite crystals. The connection of the "invisible" 
gold with zones rich in As and poor in S and Sb was not 
confirmed (Andráš et al. 1993). 

The pyrites from the various veins have in siderite 
mineralization almost the same chemical composition. 
However, many of pyrite grains have chemical zoning. 
The zoning is caused by variation of Fe and S concen­
trations, sometimes by addition of subsidiary elements, 
mostly As. Centra) parts of concentric zoned grains 
exposed to retlected electrons have the lightest colours of 
all zones because they are enriched with subsidiary 
elements (Ni, Co, As, Cu, Sb, Au). Papers conceming the 
presence of "invisible" gold in zoned crystals of pyrite 
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and arsenopyrite with Sb content in general was published 
by Andráš and Ragan ( 1994). 

The chemical composition of tetrahedrite from car­
bonate-quartz-sulphide veins is relatively stabile. Differ­
ent chemical composition has tetrahedrite from quartz -
sulphosalt vein at Paurovská (it contains up to 3,21 wt. % 
Bi and max. 0,89 wt. % As). Tetrahedrite found in 
Rišianka in the Nízke Tatry Mts. (Majzlan et al. 1998) 
has similar Sb/ As ratio. From the other localities the zero 
content ofBi in tetrahedrite (with typical intensive chemi­
cal zoning) from the locality Bruchatý Grúnik is excep­
tional. The contents of Ag in tetrahedrite from various 
veins are relatively stabile and vary in range 0,80 - 2,04 
wt. % , average 1,38 wt. %. lt is similar like in the 
Magurka deposit (Chovan et al. , 1995). Higher concen­
tration of silver in Ag-bearing tetrahedrite we have found 
only in one sample from the locality Bruchatý Grúnik 
(Tab. 6b, analyses no 23-25). This type of tetrahedrite 
contains 7, 79 wt. % Ag. 

By investigating the chemical composition of tennan­
tite from two localities in the Vyšná Boca area (local ity 
Helena - arsenopyrite veins with Ni-Co mineralization 
and locality Chopec- south - quartz-ankerite vein with 
galena and tennantite) we have found out that tennantite 
of both generations have practically identical chemical 
composition. The difference is only in Fe and Zn ratio. 
Tennantite from Ni-Co mineralization is characterised by 
intensive deficit of Zn due to Fe enrichment (average 
content of Fe 5,92 wt. %). Tennantite from both sites 
contain up to 0,3 wt. % Ag, zero content of Bi is typical 
for them. The whole area is characterised by absolute 
absence of Hg in minerals, which was expressed mainly in 
minerals oftetrahedrite group in which Hg does not occur 
even in trace amounts. Bi occurrences are interesting. In 
hydrothermal veins where galena, beside tetrahedrite or 
tennantite, is the main sulphide mineral, minerals of the 
tetrahedrite group do not contain Bi . 

The comparisons of chemical composition of galena 
in association with arsenopyrite and with galena in asso­
ciation with tetrahedrite and sphalerite have revealed that 
the chemical compositions of both galenas of siderite 
mineralization are identical. 

From the secondary minerals except of hydroxides of 
iron abundant crystalline films of aragonite were forrned . 
Secondary minerals of copper are relatively rare compar­
ing to amount and size of siderite localities. Forming of 
thin oxidised zones that are even missed on some locali­
ties probably causes their rare occurrence. 

In altered zones that have not been deeply studied yet, 
the silicification, less sericitication and chloritization are 
extensive around quartz-sulphide veins. Close to ore veins 
there are almost totally silicified zones, in which arseno­
pyrite veins, rarely little grains of pyrite and sometimes 
plentiful Fe-Ti-bearing oxides occur. Gradually with 
increasing distance from an ore vein content of arsenopy­
rite decreases and content of free disseminated pyrite and 
other minerals increases. In the neighbourhood of siderite 
veins the close-ore metamorphosis reach max. first 
decades of cm, usually the thickness of altered rocks is 
lower. 
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On the base of mineralization development investiga­
tion we suppose that the oldest siderite veins are of Varis­
cian age, while some, mainly younger generations of 
siderite (Čemyšev et al., 1984; Chovan et al., 1996), 
could be the products of Alpine remobilisation. While in 
other parts of the Nízke Tatry Mts. the galena ore mine­
ralization is related to barite rich ore veins (Jasenie -
Soviansko, Malužiná - Olovienka etc.), in the Vyšná 
Boca area it is related to carbonate-quartz-sulphide veins 
where ankerite is the main or prevailing mineral. Accor­
ding to the fact, that siderite ore mineralization reaches 
Triassic members (Lúžnianské layers) near Kumštové 
sedlo pass, simi larly as in Mýto pod Ďumbierom 
(Majzlan & Chovan, 1997) we suppose that siderite veins 
were formed still in Upper and Middle Triassic. 

Topomineral influence ofrock environment was mani­
fested by presence of siderite veins in high-rank meta­
morphic rocks and ankerite veins in granitoid rocks. That 
proves also predominance of ankeríte over siderite in 
other Nízke Tatry deposits and presence of Au or Au-Sb 
mineralizátion (Magurka, Rišianka, Malé Železné, Nižná 
Boca, Vyšná Boca - Chopec) that occur in granitoid rocks 
(Majzlan et al. , 1998; Ozdín, 1997). Siderite veins are on 
the other hand situated only in highly metamorphic rocks 
of crystalline complex - for instance Jarabá, Mýto pod 
Ďumbierom - Mlynná dolina valley, Bystrá etc . (Majzlan 
& Chovan, 1997, Majzlan & Chovan, 1998). At Bruchatý 
Grúnik carbonates of siderite isomorphous series and 
carbonates of ankeríte-dolomite series occur about in the 
same ratio. The intluence of the rock environment can be 
explained here so, that the ore míneralization is probably 
developed on discontínuíty zone between Králička type 
granite and high-rank metamorphic gneísses and migma­
tites. In contradiction with our results there is the 
presence of carbonates in the Jasenie-Soviansko deposit 
where ankerite prevails siderite in high-rank metamorphic 
rocks (Pouba & Vejnar, 1955). 

The highest amount of siderite occurs with quartz-sul­
phide mineralization, if barite content increases than 
hematite content increases as well. In ankerite veins there 
is less siderite and galenite is the main ore mineral. 

The occurrences of siderite mineralization and mineral 
filling of veins is very simílar to ore míneralization in the 
Spišsko-gemerské rudohorie Mts . (for instance Cambel & 
Jarkovský, ed. 1985). The development of mineralization 
is in accordance with the present knowledge about 
mineralisations in Ďumbier part of the Nízke Tatry Mts. 
(Chovan et al. , 1996, Chovan et al., 1998). 

Conclusion 

Siderite veins occur in intensíve myloníte zones 
almost exclusively in metamorphíc rocks of crystalline 
complex. They are sharp ly delimited from the surround­
ing rocks. The prevailing directions of these veins are 
ENE-WSW. The inclinatíon varies very much, but in 
studíed area the siderite veins incline predominantly to 
south . The thickness of veins vary, the average thickness 
is up to 0.5 m. The veins wedge out quickly or gain on 
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thickness, brecciated textures and also noddle and 
cocarde structures are characteristic. 

We have found out the following prímary minerals 
by mineralogical research: aikinite, ankerite, arseno­
pyrite, barite, benjaminíte, bismuthíníte, carrollite, 
friedrichite, galena, gersdorffite, hammarite, hematite, 
chalcopyrite, cobaltite, quartz, krupkaite, cubanite (?), 
kutnohorite (?), lindstromite , marcasite, pecoite, pyrite, 
sphalerite, siderite, schorl (?), tennantite a tetrahedrite. 
We have described fo llowing secondary minerals : 
aragonite, azurite, covellite, pharmacosiderite, ferisym­
plesite, goethite, hematite and malachite. In hydrother­
mally altered rocks at siderite veins vicinity occur: 
arsenopyrite, biotite, quartz, muscovite, pyrite, rutile 
and Fe-Ti-bearíng oxides. 

During investigation of carbonates we have deter­
mined that carbonates of siderite series usually predomi­
nate in metamorphic rocks on hydrothermal ore veins 
over the carbonates of isomorphous ankerite-dolomite 
series. That is opposite in granitoid rocks . The most 
abundant is siderite with sideroplesite and pistomesite 
varieties . Dolomite, kutnohorite and calcite were found 
only in one sample. Aragonite occurs as the secondary 
mineral in siderite veins. 

The mains of sulphide minerals are chalcopyrite and 
minerals from tetrahedrite and pyrite groups, which are 
abundant in all of the investigated localities. The sub­
sidiary minerals are arsenopyrite, galena, sphalerite and 
sulphosalts of aikinite series. Arsenopyrite (max 0,04 wt. 
% Au) and pyrite (up to O, 19 wt. % Au) are locally go ld 
bearing. 

Quartz is the main non-metallic mineral that is the 
main mínera! everywhere. However, in various deposits 
and occurrences it is present in various forms and it forms 
at least two generations everywhere. For each ore vein or 
vein system a specific type of quartz is characteristic that 
differs by colour, leve l of crystalli sation, light transmis­
sivity, and presence, quantity and form of sulphide, car­
bonate and barite occurrences in it. 

From the mineralogical viewpoint the typical signs of 
siderite mineralization in the vicinity of Vyšná Boca are: 
the presence of sulphosalts of aikinite isotype series in all 
the siderite veins, relatively monotone mineralization and 
absence of gold and mercury bearing minerals. 
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Abstract. Tiny (~5 mm) blue and pate violet transparent to translucent, locally of the gem-quality sapphire 
crystals have been found in resedimented psammitic filling of the maar near Hajnáčka village, Slovakia. The 
maar is associated with Pliocene-Pleistocene alkali basalt volcanism. Homogeneous to slightly zonal sapphire 
is close to corundum end-member: 99- 100 wt.% Al 2O3, 0-0.9 wt.% FeiO3+ FeO, 0-0.7 wt.% TiO2, 0-0.2 wt.% 
SiO2 and 0-0.2 wt.% Cr2O3; a = 4.758, c = 12.988 (I0- '0 m), ro = 1.766, e = 1.758. SEM study of sapphire 
surface indicates rather magmatic corrosion than alluvial transport. Zircon, monazite-(Ce), spinel, Fe-S phase 
(pyrrhotite?) and Y-U-Th-Nb-Ta-bearing phase are included in sapphire crystals. Olivine, zircon, gamet, 
titanite, magnetite, spinel, amphibole (kaersutite), plagioclase and quartz associated with sapphire. Corundum 
probably crystallized from felsic syenite-like melt, which fractionated from basic-ultrabasic mantle precursor 
and the crystals were later transported in xenoliths by younger portions of alkali basalt magma up to surface. 
Finally, sapphire was accumulated in resedimented volcanic and non-volcanic material filling the maar 
structure. 

Key words: corundum, sapphire, alkali basalts, Western Carpathians, Slovakia. 

Introduction 

The G.emer - Malohont Museum in Rimavská Sobota, 
Slovakia, in cooperation with the Department of Geology 
and Paleontology, the Comenius University, Bratislava, 
has organized a research project in the Hajnáčka maar at 
Kostná Valley near town of Fiľakovo, approximately 200 
km E of Bratislava, southern Slovakia, well-known loca­
lity of Pliocene vertebrates. Beside fossils, fine fragments 
of minerals and rocks have been obtained by washing of 
fossiliferous beds during systematic paleontological re­
search. Tiny (s 5 mm), notably blue mineral fragments has 
attracted attention from the obtained material. The míne­
ra) has been identified as sapphire, the gem-quality spe­
cies of corundum. Since size and amount of the mineral is 
unique in whole the West-Carpathian area, we have sub­
jected the sapphire to detail research. Our article sumrna­
rizes the first results of the mineralogical research of the 
locality. 

Corundum and sapphire in Neogene volcanic rocks in 
Slovakia · 

Slovak occurrences of corundum, especially of sap­
phire, are genetically associated mainly with Miocene 
andesite calc-alkali volcanism. Corundum occurs in 

andesites and its pyroclastic rocks near Sklené Teplice 
and Dolné Hámre, Štiavnica Mts. (Hvožďara & Činčár 
1972), corundum - cordierite hornfels with si llimanite and 
spinel in andesites near Dobrá Niva, Štiavnica Mts. (Fiala 
1954), contact hornfels with si llimanite, andalusite and 
cordierite in the KR-3 borehole near Kremnica, Kremnica 
Mts. (Bôhmer & Šímová 1976), sekaninaite-bearing 
xenoliths in andesites from Vechec, Slanské Mts. (Ďuďa 
et al. 1981 ), quartz- and A 1-metasomatites with topaz, 
andalusite, etc. from Kapka, Vihorlat Mts . (Derco et al. 
1977) and zunyite-quartz metasomatites near Vígľašská 
Huta, Javorie Mts. (Marková & Štohl 1978). Alluvial co­
rundum occurs in the vicinity of Neogene andesites, e.g. 
near Boliarov, Kecerovce and Rankovce, Slanské Mts. 
(Ďuďa et al., 1981 ). 

History of Hajnáčka corundum 

The Hajnáčka sapphire occurrence is not a discovery 
of a new locality but its rediscovery exactly one hundred 
years after the first description (Szádeczky 1899). Dr. 
Gyula Szádeczky, a Hungarian geologist, described for 
the first tíme a sarnple of basalt with corundum from 
"ajnácskoi Csontos-árok", i.e. from Kostolný Jarok near 
Hajnáčka village, the important paleontological locality 
known since 19th century. He described the sarnple found 
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by Dr. Alexei Pápay (Pápay Elek), which belong to the 
Kolozsvár University collection, Transylvania, recently 
Cluj in Romania. The grey-b lue corundum forms "tlat 
tabular crystal 7 mm in length, outstanding 1.5 - 2 mm out 
of surrounding ye llow-brown weathered crust of basalt, 
the mineral itself has thin black coating" (Szádeczky 
1899). The author mentioned that the described basalt 
contained a lso another minerals, probably augite, 
amphibole, fe ldspar, pyrite, magnetite and maybe rut ile, a 
blue obsidian and quartz were also present. Szádeczky 
( 1899) emphasized that Hajnáčka corundum was the 
largest known sample of this mineral in Hungary to date. 
The whole data were cited later by Rozlozsnik & Emszt 
( 191 1) in an article conceming to basalts of Cerová 
Highlands (Medvesgebirges) and by another authors as 
well (Melczer 1907, Hintze 1915, Vadász 1940, Mauritz 
& Vendl 1942; in Kodera et al. 1986). The first, however, 
not precise chemical analysis of the Hajnáčka corundum 

showed 89.56 wt.% Al2O3, 6.10 wt.% Fe2O3 and 5.42 
wt.% SiO2 + TiO2 (Zimányi 1915, in Kodera et al. , 1986). 

Grey-blue corundum from Hajnáčka (still not denoted 
as sapphire) was later almost forgotten . There were only 
few records about it, in mineralogical monographs of Slo­
vakia by Kourimský (1958) and Herčko (1984), and, of 
course, in Topographic Mineralogy of Slovakia (Kodera 
et al. , 1986). There were no more records about the co­
rundum occurrence from the Hajnáčka, Kostná Valley. 
The exacť localization of the occurrence was forgotten, in 
later papers it was referred only as Hajnáčka locality, 
what could be misunderstood with well-known site on the 
Hajnáčka castle hill. Only recent extended paleontologi­
cal research of the Kostná Valley, with several deep pits 
and washing of large amount of sand has rediscovered not 
only paleontological material but also sapphire and other 
minerals from the locality. 

Ceologica l settings 

The Hajnáčka, Kostná Valley locality is situated 
600 m N of the Matrač Hill (410 m a.s.l.), 1 km SE of 
Hajnáčka village, and around 12 km SE of Fiľakovo town 
in southem Slovakia (Fíg. 1 ). According to the geomor­
phological and regional geological division of the sub­
province of the lnner Carpathians Mts., the studied 
locality belongs to the unit of Cerová Highlands. The site 
is an important European paleontological locality of 
Upper Pliocene age located in an erosional valley, 400 m 
in length, 30 m in width and up to 20 m deep, with E-W 
orientation. In 1994, the site with surrounding area were 
pronounced for the Kostná Valley Natural Reservation 
with area of 4 .92 hectares. 

The site is part of the Cerová Basalt Formation (Vass 
& Kraus 1985), which contains main ly alkali basalts and 
volcanic clasts. K-Ar radiometric dating of the basalts re­
vealed Pliocene - Pleistocene ages between 1 - 5 Ma 
(Orlický et al. 1996, Vass et al. in press). 

The Hajnáčka, Kostná Valley occurrence is located in 
a volcanic maar structure (Konečný & Lexa in Vass et al. 
1992, Vass et al. in press). The maar has elliptic shape 
about 400-500 m in diameter, partly covered by Pleisto-

Šiatorošská 
O Bukovina 

·'! 
J ·,.__ . .__ 

'l f \... ----. 

Slovak Geol. Mag. , 5, 4(1999),273- 280 

Regaé 
t:. 

586 

\ 

o 2km 

Fig. ! . location oj the sapphire occurrence, the Hajnáčka 
maar, Kostná Valley. 

cene alluvial sediments. Erosion relicts of volcanic ring 

on the maar margin are formed by basaltic lapilli tuff 
depos ited during freatomagmatic eruptions. Centra! part 
of the maar is built by redeposited sedimentary filling, 
which is composed of the Tachty sads to sandstones of 
the Fiľakovo Formation (Eggenburgian) in the basa] part. 
In overlaying beds, there are layers of lapilli tuffs and tuf­
fites with fragments of basalts and bumt sandstones 
enve loped by limonite crusts, less frequently occur rede­
posited palagonite tuffs and breccias. Locally, there are 
relicts of laminated bituminous beds, remains of original 
lacustrine maar filling, which is partly covered by Qua­

temary loamy and argillaceous deposits (Fig. 2) . 
Resu lts of remanent magnetism analysis from the ring 

tuff of maar corresponds to an event with norma! Earth 
magnetic polarity (3n) in a lower part ofthe C2An chron, 
what indicates the age of maar formation between 3.3 to 
3.55 Ma ago (Vass et al. in press) . An accumulation of 
fragments of mammalian skeletons is younger, it was cre­
ated during redeposition of original and input of new 
clastic sediments, when the original sedimentary maar 

filling has been almost entirely eroded away. Fossil find­

ings were found in more or less preserved beds with com­
pletely preserved stratigraphic beds without hiatus. The 

mammalian bone remnants from the Hajnáčka, Kostná 
Valley was dated to biozone MN 16a, late Vilafranch 
(topmost Pliocene), on the basis of index fossils , such as 
Mimomys (Cseria) stehlini, Mimomys (Mimomy~) haj­
nackensis, Tapirus arvernensis, Dicerorhinus j eanvireti 
and Anancus arvernensis, what belongs to the middle part 
of the C2An chron and time interval between 2.8 to 

3.3 Ma ago (Lindsay et al. 1997, Vass et al. in press). 
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Fíg. 2. The geologica/ profiles of the sap­
phire occurrence in Vilafranchian beds, the 
Hajnáčka maar, Kostná Valley. The profile 
in the midrJle was composed /rom other par­
tia/ profiles / rom this terrŕtory (modified 
after Fejfar et al. 1990): (1) the Quaternary 
colluvial deposits with the Holocene soils; 
(2) fine tuflaceous sands wíth lapilli and 
limonite concretions; (3) stratified sandy tuf­
fites with fragments of the basalts and bones; 
(4) fine tuffaceous sands with intercalations 
or lenses of the coarser sandy tuffites; (5) 
fine banded tuffites; (6) sheeting and current 
bedding of the sandy tuffites;(7) fine sands 
with white laminated tuffites; (8) fine tufla­
ceous sands with limonite interca/ations and 
fossiliferous tuffaceous lenses; (9) fine cross 
bedding sands with foss i/s in the limonite 
concretions; (1 O) sandstones /rom the Upper 
Oligocene (Chattian); (11) remains of the 
tapirs; (12) Chelydra remains; (13) remains 
of the mastodonts; (14) Anodonta shel/s; (15) 
remains of the Pliocrocuta perrieri; (16) re­
mains of the Anancus arvernensis; (17) 
remains of the plants; (18) remains of the 
micromammals; (19) shear zones; (20) levels 
of the findings. 

Experimental methods 

Sapphire and other accessory mi­
nerals were obtained by washing of ca. 
1,000 kg of resedimented psammitic -
sediments from fossil s-bearing layers of 
the Hajnáčka, Kostná Valley. 

The crystal morphology, interna) 
zonality and inclusions in sapphire was 
studied by a JEOL JSM-840 scanning 
electron microscope, at Geological Survey 
ofSlovak Republic, Bratislava. Secondary 
(SEI) and back-scattered (BSE) electron 
modes were used. The accelerating vol­
tage was 25 kV, beam current was l nA 
(SEí) and 30 nA (BSE). 

Electron-microprobe analysis was 
done on a JEOL-733 Superprobe instru­
ment equipped with KEVEX energy 
dispersive system (EDS), at Geological 
Survey of Slovak Repub lic, Bratis lava. 
Operating conditions were 15 kV acce­
erating voltage, 1.2 nA beam current and 
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130 s count tíme. Synthetic standards: Si02 (Si Ka), Ti02 

(Ti Ka), Al20 3 (Al Ka), Fe20 3 (Fe Ka), and chromite (Cr 
Ka), were used. The detected concentrations of elements 
were recalculated by the XPP correction. 

The structural identification of sapphire was done by 
the powder Debye - Scherrer X-ray diffraction method 
using a Philips PW 1710 diffractometer, at Geological 
lnstitute, Slovak Academy of Sciences, Bratislava. Pul­
verized sample was mixed up with a-Si02 interna! stan­
dard. Cu~anticathode (Aa1 = 1.54060 x 10·10m), 20 mA 
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current, 35 kV voltage, interval of 2 0 equals to 10-80° 
and step speed of0.3° 20/min was used for measurement. 
Presence of plagioclase and titanite was also detennined 
by the powder X-ray diffraction ana lysis. 

Index of refraction (w, €) was done on a two-circle 
Freiberger Präzisionmechanik goniometer, at Czech 
Geological lnstitute, Prague. The method of minima! devia­
tion in sodium light was used. The sapphire crystal was 
embeded into epofix, and a prism with angle 48°27' 
was shaped from it, such a way, that the c crystallographic 
axis lays in a plane dividing the prism's angle into two halfs. 



Slovak Geol. Mag., 5, 4(1999),273- 280 

276 

Fig. 3A-C. Sapphire from Hajnáčka, soulhern Slovakia (L. Osvald pholo). 

Results 

Physical properties 

Sapphire occurs as well shaped prismatic crystals with 
{ 1 O IO} and { 1 O 11} faces, locally also with { 1O11} dipyra­
midal faces . In most cases, sapphire crystals occur as 
fragments . (l-5 mm in size), locally partly rounded. The 
largest crystal has weight about 0.1 g (0.5-0.6 metric 
carats). Sapphire shows mostly light to deep blue color, 
in some cases grey blue to pate violet, the mínera! is per­
fectly transparent to translucent with vitreous to duli luster 
(Fig. 3A-C). Some crystals have gentle dichroism. Locally, 
the sapphire reveals visible growth zones (Fíg. 3C). 

The refractive index of Hajnáčka sapphire is OJ = 
1.7664(5), E = 1.7581(5), birefrigence B = 0.0083 , the 
values are well corresponding with corundum data 
(w = 1.765-1.779; E = 1.757-1770; B = 0.008-0.009; 
Bernard & Rost 1992; Ďuďa & Rej 1 1998). 

Crystal morphology 

Details of sapphire crystal morphology show various 
roundness degree of originally flat and smooth crystal 
faces (Fíg. 4A-D). Figures 4A-B show alteration of pri­
mary sapphire surface along lines parallel to the {OOO 1} 
face as a plane of corundum jointing together with 
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rounding of surface elevations. Fíg. 4C shows another 
sapphire with system of straight ribbed projections and 
neighboring holes with slight trend orientation. Finally, 
Fíg. 40 shows surface of fine ly sculptured sapphire with 
straight thin scratches and holes of prismatic shape. De­
tails of sapphire crystal morphology reminds mainly signs 
of magmatic corrosion, however, scratches on the crystal 
surface indicates also mechanical transport and the elon­
gated ho les are probably negatives after inclusions of un­
known minerals ( cf Coenraads et al. 1990, 1995, 
Maliková 1996). 

Structural parameters 

X-ray diffraction pattern, as we ll as calculated struc­
tural parameters based on four sapphire crystals from 
Hajnáčka, proved sapphire's identity with a tabelated co­
rundum, calculated structural parameters of sapphire: a = 
4.758(4) and c = 12.988(7) [10- iom] are almost identical 
with JCPDS values (cx-Al2O3, JCPDS # 10-173). This re­
sult indicates a high purity of the Hajnáčka sapphire 
which approaches theoretical AliO3, what has been 
proved also by electron microprobe analyses. 

Interna/ zonation and chemical composition 

The study of polished sections of the Hajnáčka sap­
phire by backscattered electrons image (BEI) didn ' t show 
any chemical zonality of the mineral , crystals with dis­
tinctive optical zonation (Fig. 38) are also chemically 
homogeneous. 

Electron microprobe analysis, done on 20 points of 
7 crystals, shows a high purity of the mineral (99-100 
wt.% Al2O3, Table 1 ). Isomorphic admixtures comprise 
0.0-0.9 wt.% Fe2O3 (however it is probably a mixture of 
both Fe+3 and Fe2J, 0.0-0.7 wt.% TiO2 and 0.0-0 .2 wt.% 
SiO2• 

Table 1 Compositions o/ sapphire from Hajnáčka (wt %) 

ICORE IMID 2CORE 2RIM 3CORE 3RIM 
SiO2 0. 12 0.2 1 0.1 5 0.22 0.24 0.2 1 
TiO2 0.27 0.65 0.00 0.00 0.00 0.00 
AbOJ 98.98 98.34 99.19 98.56 99.57 99.29 
Cr2O3 0.00 0.00 0.00 0.00 0.17 0.18 
Fe2O3 0.50 0.49 0.78 0.89 0.00 0.37 
Total 99.87 99.69 100.12 99.67 99.98 100.05 
Formulae based on 6 oxygen atoms 

Si 0.004 0.007 0.005 0.008 0.008 0.007 
Ti 0.007 0.0 17 O.OOO O.OOO O.OOO O.OOO 
Al 3.977 3.960 3.980 3.975 3.985 3.979 
Cr O.OOO O.OOO O.OOO O.OOO 0.005 0.005 
Fe 0.013 0.0 13 0.020 0.023 O.OOO 0.010 
Total 4.00 1 3.997 4.005 4.006 3.997 4.001 

Content of Cr2O3 is usually under detection limit of 
the microprobe (<0.2 wt.% Cr2O3) . The concentrations of 
the admixtures are almost identical in the centre and the 
rim of _sapphire crystals, small variations are not 
systematic. 
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Mínera/ inclusions in sapphire 

Zircon occurs as idiomorphic to xenomorphic inclu­
sions, 50-200 µm in size. 

Monazíte-(Ce) forms 100-200 µm large euhedral in­
clusions. Locally, it occurs in the same crystals as inclu­
sions of zircon. Microprobe analyses reveal compo­
sitional zonality of monazite-(Ce) with edges slightly 
enriched in Th (2.6 wt.% ThO2). 

Spinel was found only in one case, as - 500 µm ir­
regular inclusion near the rim of the sapphire crystal. The 
mínera! reveals compositional zonality in Cr and Fe (2.8-
8.8 wt.% Cr2O3 and 14-16 wt.% FeO+FeiO3) . 

Fe-S-bearing phase, most probably pyrrothite(?) 
forms inclusions of 200-300 µm large tabular crystals to­
gether with zircon and monazite-(Ce) inclusions. 

Y- U-Th-Nb-Ta-bearing phase, probably euxenite-(Y)? 
or mínera/ of pyrochlore group(?), was observed only in 
one case, as - 250 µm irregular inclusion near the edge of 
sapphire. 

Associated mínera/s 

Zircon occurs as red transparent short-prismatic­
dipyramidal crystals (variety hyacinth) . O/ivine, probably 
f orsterite, forms light blue fragments and prismatic tabu­
Jar crystals. Garnet (pyrop or a/mandine) forms dark 
blue, partly altered crystal s, locally containing inclusions 
of i/menite and a/lanite. Titanite occurs as transparent to 
translucent honey-like colored fragments, locally as inter­
grown with magnetite. Plagioclase forms relatively large 
fragments (~8 mm) of prismatic and tabular crystals of 
white color and typical striated crystal face. Greyish­
black spinel of typical dipyramidal shape and black am­
phibole, probably kaersutite are less frequent Re latively 
abundant colorless quartz forms i.rregular fragments or 
dipyramidal transparent crystals . The size of above men­
tioned minerals in the maar fi ll ing vary from 1 to 8 mm, 
3-4 mm in average. 

Discussion 

World alluvial and elluvial occurrences of gem-qual ity 
sapphire are associated mainly with alkali basalt rocks, 
namely with explosive continental alkaline volcanism 
with predom inance of basanite, often with abundant ul­
tramafic mantle xenoliths, e.g. East Australia, Thailand, 
Cambodia, Vietnam, south China, Colombia, Nigeria and 
Czech Repub lic (Coenraads et al. 1990, 1995, Sutherland 
et al. 1998, Kotrlý et al. 1997). Alluvial and elluvial 
sapphire-bearing deposits connected with the alkali-basalt 
volcanism contain a characteristic heavy-mineral assem­
blage, including zircon, spinel , ilmenite, occasionally 
olivine, c linopyroxene, gamet, magnetite and locally also 
diamond (Australia, Coenraads 1990). Sapphire crystals 
from alluvial and elluvial depos its have, beside signs of 
mechanical transport, al so features of magmatic corrosion 
(Coenraads et al. 1990, 1995, Malíková 1996, Kotrlý 
et al. 1997). Inclus ions of zircon, magnetite, spinel 
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Fíg. 4A-D. Morphology of sapphire /rom Hajnáčka, southern Slovakia (SEJ, K. Horák photo). 
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(also Co-rich), hercynite (often Zn-rich), ferroco lumbite, 
niobian ruti le, thorite, V-Ti-rich pyrochlore, apatite, REE­
phosphate, pyrrhotite, almandine, pyrope, alkali-feldspar 
and plagioclase are present in sapphire (Sutherland et al. 
1998, Guo et al. 1994 ). Surprisingly, these incorporated 
minerals contain elements incompatible in basic magma 
such as Zr, Nb, Ta, U, Th, REE's and elements of alkali 
metals. Sapphire often contain fluid inclusions, often 
COr rich (Coenraads et al. 1990, 1995, Guo et al. 1994, 
Malíková 1996, Sutherland et al. 1998). A detailed study 
of the fluid inclusions, Fe-Ti-oxides and feldspars 
ind icates the temperature of corundum formation in the 
range of 685 to 900 °C (Sutherland et al. 1998). Zircon 
inclusions in sapphire from Australia and Thailand, dated 
by U-Pb method, yield ages similar to alkali-basalt extru­
sions (Coenraads et al. 1990, 1995). 

The above mentioned results indicate a magmatic 
origin of sapphire and associated minerals from a felsic 
melt enriched in incompatible elements. Some authors -
supposed phonolite (or nephel ine syenite) composition of 
thi s melt .originated by fractionation of mantle-derived -
basalt rich in kaersutite, clinopyroxene, olivine, Fe-Ti 
spinel, etc. ( IRVING & Price 1981 , lrving 1986). The !atest 
petrological model assumes low-degree partia) melting of 
amphibole-bearing mantle pyroxenite and its subsequent 
fract ionation which produced a tluid-enriched fe lsic mag­
ma (Sutherland et al. 1998). Sa_pphire and other phases 
so lidified from the felsic mel t in lower crust and later they 
have been transported to the surface as xenocrysts or 
xenoliths in alkali-basalt magma (e.g. Coenraads et al. 
1995). 

According to another model , the orig in of sapphire 
and diamond in Victoria, Australia is associated with -
Paleozoic subduction and the minerals remained in upper 
mantle unti l their uplift by Tertiary alkali-basalt magma 
(Birch 1998). Some authors prefer processes of magma 
mixing in lower crust with contemporaneous crystalliza­
tion of sapphire and other minerals (Guo et al. 1994). 
Others relate the origin of some alluvial sapphires with 
metamorphic processes in the crust ( e.g. Garland 1998). 

Mínera! inclusions containing elements incompatible 
in basalts (monazite-(Ce), zircon and Y-Th-U-Nb-Ta­
bearing phase) and character of sapphire morphology 
with signs of magmatic corrosion indicate that the 
Hajnáčka sapphire was originated in fe lsic melt and up-
1 ifted to the surface as xenocrysts which were not in 
equi librium with surrounding alkali basalt magma. This 
assumption supports also nepheline-olivine normative, 
not corundum normative compositions of the alkali 
basalts from Hajnáčka area (Konečný & Lexa in Vass et 
al. 1992) showing that the alkali basalts are not in -
equilibrium with corundum and therefore they don' t rep­
resent the parental magma far sapphire . 

As a possible parental rock of the Hajnáčka sapphire, 
we suggest felsic syenite-like xenoliths. Although these 
xenoliths are unknown from the Hajnáčka maar to date, 
syenite and anorthosite xenoliths are present at the 
Pinciná maar belonging to older, Pliocene the Podrečany 
Basalt Formation, situated 23 km NW of Hajnáčka . 

Moreover, the Pinciná syenite xenoliths contain corun-
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dum and other accessory minerals similar to Hajnáčka, 

such as zircon, spinel , amphibole, apatite, titanite, mona­
zite, xenotime, Y-U-Th-Nb-bearing oxides, Y-silicates 
and REE-minerals (Huraiová et al. 1996, Hurai et al. 
1998). Consequently, the analogous syenites represent -
probably the host rocks of the Hajnáčka sapphire and 
some other associated minerals . 

Presented geological and mineralogical data indicate 
that the sapphire from Hajnáčka, Kostná Valley is spatial­
ly related to the Cerová alkali basalt Formation of Plio­
cene to Pleistocene age. We assume that corundum from 
redeposited sedimentary filling of the Hajnáčka maar is 
most probably related by the syenite-like magma. This 
fel sic syenitic melt could be generated by fractionation of 
basic magma originated by partia) melting of upper man­
tle rocks. Subsequently, syenitic magma solidified proba­
bly in the lower crust level and later it was uplifted to the 
surface as xenoliths. Finally, sapphire and other minerals 
accumulated in redeposited sediments that filled the maar 
structure. lt is not clear so far, whether sapphire come 
from nearby basalt Java tlows or from the maar itself. 

Conclusions 

Blue and pale violet sapph ire, locally of gem-quality, 
was obtained from Upper Pliocene resedimented psam­
mitic maar filling at Hajnáčka, Kostná Valley in southem 
Slovakia, well-known paleontological occurrence for 
findings of mammalian foss ils. Sapphire was firstly 
described by Szádeczky ( 1899) one hundred years ago 
and was in fact rediscovered at present only. Physical and 
structural parameters of the sapphire are in good 
agreement with published data. Sapphire is relatively very 
pure with low contents of Fe, Ti and Si . 

Crystal surface, mineral inclusions and spatial rela­
tionsh ip with alkali basalts indicate sapphire crystalliza­
tion probably from a fractionated felsic syenite-l ike melt. 
The melt was generated by fractionation of basic magma 
on the mantle/crust boundary or in the lower crust. In later 
stage sapphire was transported up to the surface as xenoc­
rysts or in syenitic xenoliths by a new portion of alkali 
basaltic melt. Accessory minerals including sapph ire 
separated from host rocks and sedimented in the maar 
filling. It remains questionable, whether sapphire was 
transported in some of nearby alkali basalt Java tlows or 
in volcanoclastics building up the Hajnáčka maar 
structure. 
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Pliocene deposits of Rišňovce Depression - Volkovce Formation 

INGRID TôRôKOV Á 

Geologickal Survey of Slovak Republic, Mlynská dolina 1, 817 04 Bratislava, Slovakia 

Abstract. Sandy deposits of the Pliocene Volkov Formation in the Rišňovce Depression were studied at the 
localities of Dolné Otrokovice, Dolné Trhovište, Tepličky and Piesočnica near Behynce (Fíg. 1 ). They pro­
bably represent sandy deposits of rivers entering a fresh-water lake. Palaeoflow direction, detected from vec­
tor measurements of cross laminatíon, is from NW to SE. Heavy mineral analysis suggests two possible 

. source areas. Rutile, zircone, ilmenite and garnet suggest the crystalline source area, which according to the 
palaeoflow direction (from NW to SE) is located in the Považský Inovec Mts. The occurrence of ~ quartz 
suggests a source area with volcanic material which might have been delivered by tributaries from the Rus­
kovce Formation found in the Bánovce Depression. 

Key words: Pliocene, Danube Basin, Rišňovce Depression, sedimentology, fluvial deposits, delta 

lntroduction 

The sedimentary fil) of the Ri šňovce Depression con­
sísts ofNeogene deposits transgressively and díscordantly 
overlying pre-Neogene rocks. Regional geologíc investi­
gation supported by stratigraphíc study of borehole pro­
fil es (Maglay et al. , 1997) is being conducted in the study 
area. 

The Pliocene Volkovce Formation and the Pontian 
deposits crop out at several localítíes in the study area. 
They are composed of varíegated calcareous clay contaí­
ning a variable sand admixture and variegated sand inter­
layers. Older authors refered to them as the variegated 
series. They were correlated with the G-H Zone of the 
Panonian, later with the Pontian and finally they were 
ass igned to the Pliocene (Priechodská and Harčár, 1998). 

Deposition prevailingly occurred in the river-domina­
ted environment. We did petrographic, sedimentologic 
and grain-size analysis ofthe deposits. 

Geologic background of the study a rea 

According to the regional-geomorphologic dívision of 
the Slovakia the study area is a part of the Danube low­
land. lt occurs in the sub - units present in the Nitra Hills 
and the Nitra flood plain (Mazúr and Lukniš 1978). Fol­
lowing the regional geologic division of Slovakia the area 
is a part of the Rišňovce Depression belonging to the Da­
nube Basin (Vass et al. 1988). 

The Early to Middle Miocene represents an extensio­
nal synrift stage of the Danube Basin development 
(Kováč and Baráth 1995 ; Kováč et al. , 1997). During the 
Middle Miocene the subsidence of the Rišňovce Depres­
sion was controlled by norrnal NE-SW trending faults. 
The sedimentary fi ll is mostly composed of sandy-clayey 
marine deposits commonly containing a tuff admixture . In 

the northem marginal area deltaic and brackish deposits 
occur (Vass et al., 1990). A sea-level fa ll connected with 
the erosion of older deposits is documented in the area of 
the Alpine-Carpathian junction (Hudáčková and Kováč 
1993). Marine transgression during the Late Sarrnatian 
resulted in formation of depocenters in the N and NW 
parts of the Danube Basin. The Rišňovce Depression, 
with prevailing deltaic deposition, represents one of these 
depocenters. The brackish development of the Sarrnatian 
sea was caused by opening of the Badenian seaways to 
the Mediterranean area. The Panonian and Pontian subsi­
dence, representing a postrift stage of the Danube Basin 
development, was still controlled by norrnal faults of the 
extensional regime along the northem margin of the ba­
s in . The deposition during the Late Miocene was influen­
ced by a deltaic environment developing into a limnic 
estuary (Jii'íček 1990). 

The sedimentary fill of the Rišňovce Depression con­
sists of the Badenian, Sarrnatian, Panonian, Pontian and 
Dakian (Tab. 1), eventually also of Romanian deposits 
(Buday et al. , 1962, Vass et al., 1990). 

Badenian: Deposition in the Rišňovce Depression 
commenced by the Middle Badenian Špačina Forrnation 
(J ifíček 1985) transgressively and discordantly overlying 
the pre-Neogene deposits composed of the Mesozoic 
rocks of the Tatricum and Fatricum (Fusán et al. 1987). 
Špačina Forrnation consists of clayey-sand, sand and mi­
nor gravel deposits (Biela 1978). 

The Late Badenian is represented by the Madunice 
Forrnation (J ífíček 1978), consisting of grey clay and cal­
careous clay with sand layers. 

Sarmatian: The Sarmatían deposíts represent the 
equivalent of the Vráb le Formation (Harčár et al. , 1988) 
and they can be divided into conglomerate-sandy, sandy­
clayey and clayey development. 
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STRATIGRAPH RISNOVCE OEPRESSION 
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Panonian - Pontian: During the Panonian and Pontian 
deposition continued in a fresh-water environment. The 
Panonian (Zone A-E, Papp 1951) sediments are the ana­
log of the Ivanka Fonnation (Harčár et al. 1988) and they 
are mainly known from the western part of the study area. 
They are mainly of a sandy-clayey character. Zone A, 
with Miliamina subve/atina and Trochamina kob/eri, is 
several meters thick and is composed of clay with a sand 
admixture. Zone B, with Hungarocypris auricu/ata -
Amp/ocypris globosa, is represented by grey calcareous 
pelites. Zone C is biostratigraphically documented in the 
Ripňany - 1 borehole (Gaža 1968) and consists of grey 
sandy clay with layers of calcareous sand. Besides the 
clay and sand, the formation also contains layers of dark 
grey and black clay. Microfaunally it is characterized by 
the ostracod genus Pontionel/a acuminata and Cyprideis 
ventricea. The Panonian zones C - D - E are documented 
by an abundant fauna of limnocardium - Limnocardium 
conjugens (PARTSCH), Limnocardium brunense 
(H0ERNESS). Ostracoda are represented by Pontionel/a 
acuminata and Cyprideis Ventricae. 

The Beladice Fonnation consists of deposits assigned 
to the Panonian Zone F (Papp 1951 ) . They were assigned 
to the Pontian in the past. They are the analog of the beds 
commonly called coal series and they are characteristic by 
clayey-sandy layers containing lignite lenses. The Zone F 
is stratigraphically documented by boreholes Topoľčany 
1 - 6 drilled east of the study area (Lunga 1965). Zone F 
is biostratigraphically documented by the occurrence of 
the macrofauna tests with preserved fonns of 
Limnocardium conjugens (PARTSCII) and Congeria 
czejiki. Also, beds containing plant remnants 
Glyptostrobus europaeus (BGT) Hoer and fragments of 
oogonia characea. Melanopsis bauei (FER.) and fragments 
of Bithynia tentacu/ata (L.), Congeria neumayrii 
(ANDR.), P/anorbis sp. were identified from the basal part 
of the Zone F. The plant remnants are represented by 
oogonia fragments of Chara meriani (UNGER). 

The Hlavina Member (F0RDINÁL and NAGY 1997) is 
assigned to the Panonian H Zone (PAPP 1951). The depo­
sits are characterized by the occurrence of freshwater and 
limnic limestone associated with gravel , sand and clay 
deposits. 

g Grove ls 
o 

EĽJ Sonds . 

~ Freshwoter timestones 

□ Clays 

a Lignites 

~ Mesosoic limestones 

Tab. / . Lithoslraligraphic column oflhe neogene deposils of /he Rišňovce Depression. (compiled by Fordinál 1997). 
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Tab. 2. Opinions of the different authors on subsumption zanes into stages, an overwiev. (compiled by Fordinál & Nagy 1997) . 

Pontian: Deposits of commonly called clay series of 
the Zone F or Beladice Formation were assigned to the 
Pontian in the past (Priechodská & Harčár 1988). Beca­
use the deposits are assigned to the Panonian, sensu For­
dinál and Nagy (I 997), the up to now nameless fresh­
water deposits in the basin overlying the deposits of 
Hlavina Member, are assigned to the Pontian. 

Dacian: The Pliocene is only represented by the Vol­
kovce Fonnation in the study area. The deposits of the 
formation are mostly covered by the Quatemary sedi­
ments (Priechodská and Harčár 1988) and crop out only 
in scattered sites. They occur together wíth the Pontian 
deposíts mainly in the western part ofthe area. 

The deposits were only identified as the variegated 
series by the older authors and they were correlated to the 
Panonian Zones G - H, later to the Pontian and recently 
they were assigned to the Pliocene (Dacian). The deposi­
tion occurred in fi-eshwater, either in a lacustrine or a tlu­
vial environment. The deposits of the Volkovce 
Formation are represented by variegated calcareous clay 
with a variable admixture of sand grains. Layers of grey 
calcareous sand as much as IO m thick and locally also 
layers of sandy gravel occur in the clay. lmmediately be­
neath the Quaternary deposits grey fine- and coarse-grai­
ned calcareous, yellowish-gray and brownish-yellow sand 
with layers of weakly consolidated sand occur. This sand 
contains irregular layers of fine-grained gravel. According 
to Elečko (Pristaš et al. , 1998) the deposits originateď in 
alluvial fans and deltas. 

Suggestions concerning the stratigraphic division of 
the Panonían or Pontian are summarized in Table 2. The 
lithostratigraphíc divis ion of the Panonian - Pliocene de­
posits, cónsidering the !atest suggestions (Fordinál and 
Nagy 1997) is following: 

1. )vánka Formation - Panonian (Zones A - E) 

2. Beladice Formation - Panonian (Zone F) 

3. marginal Hlaviná Member - Panonían (Zone H) 
and its equivalent in the basin 

4. Volkovce Formation - Dacian 

Methods 

Sediment analyses in the study area are based on field 
processing represented by a detail sedimentologic docu­
mentation ofthe outcrops and samples. The samples were 
later processed in laboratories. 

Methods of grain-size analysis, hydraulic methods for 
measurement of the smallest grain size fraction , heavy 
mínera! analyses aided by X - ray and DT analysis were 
applied. The X - ray analyses from five samples taken 
from the clay rip-up clasts were done at the Geologic 
Survey of Slovak Republic . The RTG diffractograph 
DRON - 3 CuK alpha radiation, filter Ni associated with 
the program for powder analysis by the ZDS system were 
used for the RTG analysis of clay minerals. 

The samples with a grain-size fraction below 0.002 
mm were processed in the laboratory. The samples were 
diluted by distilled water and after addition of 15% HCL 
solution they were scrubbed 2 - 3 minutes by ultrasound. 
The mixture, homogenized by ultrasound, was dropped 
on a mount and thin sections were made. The samples 
were saturated by ethylenglycol. 

Heavy minerals from the grain-size fraction in the 
0.25 - 0.1 mm and the O. 1 - 0.05 mm ranges were separa­
ted in bromoform (gauge mass 2.88 kgm-3). The separated 
heavy fi-action was divided by a magnet in to a magnetic 
fraction and further, by an electromagnet, into a dia-mag­
netic fraction and para-magnetic fraction. 

Lithology 

The deposits ofVolkovce Formation are well exposed 
near of Dolné Otrokovice, Dolné Trhovište, Tepličky and 
Piesočnica al t near Behynce in the area of the Nitra Hills 
(Fig. 1). 

The section of Dolné Otrokovice DO/1 , DO/2, is 
shown in figures 2 and 3. lt is ex posed in a sand pít that 
lies 500 m NW of the village. The outcrop mainly con­
sists of coarse-grained sand (the sand content in the sam­
ple is 69.93%), fine-grained sand and silt. The coarse-
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Fíg. / : Schematíc map and locatíon of the studíed /ocalitíes of Dolné Otrokovce (Do) , Dolné Trhovište (DT), Tepličky (TEJ, 
Piesočnica near Behynce (P). 

grained sand commonly contains an admixture of fine­
grained grave! (11.96%) with clasts up to I cm. The 
admixture of fine-grained sand is 12.16% and silt admix­
ture is 12.73%. The sand is yellow, ocherous-yellowish 
and brown. Sand grains are medium sorted. 

The section of Dolné Trhovište DT/ 1 is shown on 
figure 4. It is situated on slope Dingov in the middle of 

the field abo ut I km E of the vi llage of Dolné Trhovište. 
It consists mainly of fine-grained sand (64.01 %). The 
medium-grained sand is present to 10. 19%, the coarse­
grained sand comprises 4.57 o/o and fine-grained grave! 
makes up 0.07 %. The mean silt content is 17.2 %. The 
sand is medium sorted and is grayish-white, white, dark­
yellowish and rusty-brown . 
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Legend to Fig. 2- 6 

J - oolitic limestone, 2 - massive carbonate beds, 3 - porous 
carbonate, travertíne, 4, 5 - jine-grained carbonate with cal­
careous matri.x, 6 - greyish clay, 7 - lake mar!, 8 - conglomer­
ate, 9 - fine-grained conglomerate, 1 O - gravelly loam con­
taining occasional pebbles, 11 - coarse-grained sand, 12 -
medium-grained sand, 13 - jine-grained sand, 14 - massive 
sand without lamination, 15 - calcareous crust, duricrust, 
16 - CaC03 content, 17 - MgC03 content, 18 - ca/cite 
content, 19 - CaO content, 20 - MgO, 21 - horizontal bedding, 
22 - cross bedding, 23 - ripple-cross lamination 

Sedimentary features to the Fig. 2- 6 • 
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The upper part of the outcrop consists of more conso­

lidated calcareous deposits - duricrust, which probably 

originated during an arid climate. 
The section of Tepl ičky (TE) is shown on figure 5. 

The section occurs west of the village in the valley about 
500 m from the church. The outcrop consists of coarse­

grained sand layers and fine-grained gravel. Pale-brown 

and brown coloured fine-grained grave! contains clasts up 
to - 1.5 cm. The sand contains interlayers of lithified 

conglomerate with carbonate clasts up to 5 cm in 

diameter, clay intraclasts of ocherous-yellowish colour 

and spheric concretion of Fe up to - O.S cm, too (Fig. 4). 
At the base of the outcrop consolidated coarse­

grained sandstone occurs. It consists of quartz and 

feldspar clasts lithified by calcite. Locally mica and 
calcite clasts also occur. Organic matter does not occur 

in the sandstone. 
The section Piesočnica near Behynce (P) is shown 

figure. 6. The outcrop occurs about 1.5 km SW of the 

village of Behynce. It is the largest and most extensive 

outcrop in the area with coarse- to fine-grained sand beds. 

The sand is gray-white and ocherous-brown and is me­

dium sorted. Black claystone intraclasts occur between 

the beds No. 1 O and 11 . 
The upper part of the outcrop consists of fine-grained 

grave! containing quartz and carbonate clasts, kaolinized 

rocks and calcareous concretions (Photo 8). 

Sedimentologic fea tures, transport directions 

The Volkovce Formation consists of gravelly and 

sandy fresh-water sediments deposited from suspension in 

lacustrine and fluvial environments. Sedimentary structu­
res are mainly represented by cross bedding and less by 

trough bedding. 
The deposits are conspicuously cross- and trough 

bedded at outcrops nearby Dolné Otrokovice (00/1, 
00/2, Figs. 2 and 3, Photos 2 and 3). The dip direction of 
inclined laminae in the cross-laminated deposits suggests 

transport direction from NW to SE. The laminae dip 

varies from 15° to 25°. 
At the outcrop 00/1 in the bed No. 6 (Fig. 2), 30 cm 

deep and I .1 O m wide erosional channel was found 

(Photo 1 ). The channel axis has a 28° dip, the direction of 

the axis is from NW to SE. The channel is filled by me­
dium-grained sand with occasional floating clasts (relict 

of lag deposits) passing in the upper part of the channel 
into fine-grained sand. The interna! structure of the chan­
nel comprises conspicuous trough cross bedding. Loading 

is frequent on the lower bed planes of coarse-grained 

sand. 
Hydroplastic defonnation manifested by water-escape 

structures occurs on the right side of the sand pit. Most 

likely it reflects passive liquefaction in unconsolidated 
sediment which could be triggered by minor tectonic acti­
vity. 

On the left side of the sand pit a layer consisting of 
medium-grained, weakly-consolidated sandstone overlies 

fine-grained grave!. At the base of the bed small clasts up 

to 1.5 cm in diameter and rip-up clasts of greyish clays-

Slovak Geol. Mag., 5, 4(1999), 281- 295 
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Fig. 3 Section of Dolné Otrokovice D0/2 

tone occur. The sandstone layer has an irregular channel 
fonn and it probably originated by erosional action of a 

stream on an at yet not consolidated underlying grave!, 

resulting in scour fonnation . 
The deposits occurring at the Tepličky (TE) outcrop 

are characterized by faint norma! grading shown by a pre­

vailing coarse-grained sand of light-brown colour in the 

upper part of the profile and a fine-grained grave! having 

the clasts up to - 1 cm in diameter in the lower part . The 
fine-grained grave! is matrix-supported. The matrix is 

composed of medium-grained sand. The deposits are ho­

rizontally and cross laminated (Photo 4). 
According to the direction of the cross laminae, the 

palaeoflow direction was from NW to SE. The laminae 

dip vari es from 12° to 22°. 
A subtle norma! gradation occurs in individual beds. 

Chaotically arranged calcareous concretions up to 5 cm in 

size (Photo 4), Fe concretions, clay intraclasts and rip-up 

clasts originating from thin layers tom by water flow oc­

cur throughout the entire outcrop. 
At the base of the outcrop or beneath the outcrop well­

rounded clasts of weakly consolidated coarse-grained 

sandstones up to 15 cm in diameter occur. 
At the sand pit of Piesočnica sand is horizontally and 

planar cross bedded (Photo 5). In the thick layers of sand 

trough cross bedding is locally preserved. Herring-bone 
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Photo. ! . Erosive channel. {profile 
D0/ 1, /ayer 6) . 

Photo 2. Cross - bedding. 
(profile D0/1 /ayer 1,2 and 3). 

Photo.3. Planar cross - bedding. 
(profile DOi / /ayer 5). 



Photo. 4. Cross - bedding of sands. Carbonate nodules (Ŕ I - 3cm) are occurred in sands. (profile Te) . 

Photo. 5. Delta front characteristic of thick bodies of cross - bedded sands. (profile P, layer 6). 
N 
00 

Photo. 6. Bimodal bedding of sands. (profile P. layer 2 - 3 and 8 • 9). '° 
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Photo. 7. fmbrication of clay gal/s. {profile P, layer 8). 

Slovak Geol. Mag., 5, 4(1999), 281- 295 

Photo. 8. Fine - grained grave/s interlaminated with sands. 
Rip - channel and synsedimentary tectonic are visible. 
{profile P, layers I 1 - 15). 

Photo. 9. Synsedimentary faults . {profile Dolné Trhovište). 

cross bedding also occurs. lt originated by flows with dif­
ferent orientation resulting in bidirectional appearance 
(Fíg. 6, beds No. 2 - 3 and 8 - 9, Photo 6). 

The transport direction is from NW to SE. The lami­
nae dips vary from 12° to 20°. Imbricated clay 
intraclastsindicate transport consistent with the direction 
of cross laminae (Photo 7). 

Interesting is the occurrence of liesegang rings over 
the entire outcrop. They originated during diagenetic pro­
cesses by reduction ofFe oxides and they colour sand into 

ocherous-yellowish and brown colour. Clasts of black 
claystones containing organic plant remnants were found 
between the beds 1 O and 1 1. In the left part of the outcrop 
the upper section is composed of fine-grained, clast-sup­
ported grave) altemating with layers of coarse-grained 
sand. The base of the sand beds is loaded with hydroplas­
tic deforrnations resulted from water escape. 

The section near Dolné Trhovište (DT/1) consists ·of 
prevailingly horizontally laminated deposits, only the 
sand in the beds No. 6 and 7 is cross-bedded (Fig. 4). 
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Fig. 7. QFL diagrams of mínera/s in sands. (after Pettijohn, Potter, Siever 1972). 
Q - quartz, L - lithic grains (micas + carbonates), F - fe ldspar, Lm - lithic micas, Lk - lithic carbonates, L = Lk + Lm. 

The dip direction of the cross laminae ís toward the 
SE. At the base of the beds No . 5 and 6 rip-up clasts of 
ocherous-yellowish colour occur. The beds common ly 
contain small concretions (max. 0.3 cm) of Fe oxides 
colouring the sand to an ocherous-yellow. Horizontal 
lamination of sand is emphasized by an alternation of 
pale-brown, ocherous and grey coloured laminae. The 
colour is determined by the heavy mineral (ilmenite and 
limonite) content. 

In the left part of the outcrop sand beds are deformed 
by synsedimentary faults with small throws suggesting 
minor tectonic activity (Photo 9). 

Grain-size analysis of sand 

Sand consists of fine- to coarse-grained fractions. The 
grain-size analyses showed occurrence of fine-grained 
grave! (0 .07 - 23 .28%) and coarse-grained sand (0.05 -
46.39%). The essential part of the sand is composed of 
medium-grained (1.02 - 74.83%) and fine-grained sand 
(7.41 - 72 .16%). The silt content is 6.7 - 24.1%. Clay ad­
mixture is absent. 

The grain size parameters (Mz, So, Sk, Kg) were cal­
culated according Folk and Ward (1957). The median 
was calculated after Trask (1930). 
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Fig. 8. Cumulative curver of sedimenlsfrom localities al Dolné Otrokovce, Dolné Trhovište and Piesočnica. 

The mean grain size (Mz) is 4.1 - 0.93 ej>, the values in 
mm varies from 1.56 - .1 mm. 

The median (Md) varies from 0.097 to 0.68 mm . The 
median shows mean grain size of deposits because the 
half of grains is smaller and the half of grains is larger 
than the grain size represented by median value. We 
infer it by reading of 50-percentile on cumulative curve. 

The sorting coefficient (So) ranges from 1.1 to 2.08. 
According to cumulative curves the studied sand is of 
average sorting (Fíg. 8). 

Positive values of asymmetry (Sk) of the cumulative 
curve determine fine-grained and the negatively coarse­
grained part of the sample. The positive values of the 
curve asymmetry range from 0.3 to 1.15 and they suggest 
fine-grained deposits. The curtisoity (Kg) of the curve, 
showing grain size distribution, is defined by the ratio 
between the spread in its central and marginal part. If the 
curve is steep (leptocurtic), fine grained clasts prevail in a 
coarse-grained fraction . On the contrary, if the curve is 
tlat (platycurtic), fine-grained clasts prevail. The values 
of curtisoity range from 1.14 to 4.15, and they suggest 
leptocurtic to extreme ly leptocurtic curves. The higher 
degree of sorting may suggest an admixture of sandy de­
posi ts, which was already reworked before in a water en­
vironment somewhere. 

Mincral eon tent of sand 

The sand clasts from the study localities are mainly 
surrounded to well rounded. Quartz prevails among the 
light minerals (55 - 90%). The quartz grains are coated 
yellow limonite. Abundant mica is also visible macrosco­
pically. Feldspars abundance is 1.7 - 27.2%. The carbo­
nate contént varies from 0.02 - 20%. The mínera! content 
suggest prevailing quartz and sublitic sand (Fíg. 7) while 

in the sublitic sand carbonate and mica prevail. According 
to high content of quartz the quartoze sand represent a 
mature sediment. 

The sand of the study Iocalities also contain ~ quartz, 
indicating a volcanic origin. The closest occurrence of 
volcanic rocks is in the Middle Miocene Ruskovce For­
mation (Kováč et al. , 1993) in the Bánovce depression 
located of the study area. Taking into account the 
transport direction (from NW to SE), it is most probable 
that that formation was the source area for ~ quartz 

Heavy minerals in sand 

The association of heavy minerals was analysed from 
the samples taken from the localities of Dolné Otrokovce 
and Piesočná near Behynce. 

The total heavy fraction content ranges from 0.2 -
0.92% (Tab. 3, Fíg. 9). The mean values ofheavy mineral 
content are shown in the table 4 and depicted in figure IO. 
The magnetic fraction with magnetite is totally absent. In 
the dia magnetic fraction rutile prevails from 7.1 - 23.4%. 
Zircon is abundant - from 2.06 to 9.6%. Apatite (O.S -
7.9%), silimanite (0.1 - 2.6 %) and disten (1 .3 - 8.6%) 
occur less frequently. In the para magnetic fraction ilme­
nite (S.3 - 90%) prevails . Tourmaline occurs in minor 
amount (7.3 - 17.6%). 

At Piesočnica garnet (18.1 - 24.7%) and epidote (14 -
20.4%) prevail. At other localities the garnet content was 
lower (1.0 - 4.1%) and epidote was absent. Hematite was 
only found at Dolné Otrokovice (4.8%). 

We calculated the ZTR index from the percentual 
content of zircon, tourmaline and rutile. The index shows 
a mineralogic maturity of the heavy mineral associations 
in sand. The ZTR index value is 42 - 96%, suggesting a 
mature sand. 
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Tab. 3. Content of heavy mínera/s in sands 

Pattern 1/00 2/00 3/00 4/D0 1/002 2/002 6a/D0 6b/D0 4/P 5/P 

Fraction O, 25 - O, 1 O, 25 - 01 O, 25 - O, 1 0, 25 - 01 O, 25 - O, 1 0, 25-01 O, 25 - O, 1 O, 25 - 01 O, 25 - O, 1 0, 25-01 

Cont. ofHM % 0, 39 O, 31 0, 20 0, 39 0, 45 0, 23 0, 57 0, 48 0, 92 O, 63 

rutile 23, 3 22 20 7, 1 10, 5 23, 4 22 23 18, 1 IO, 9 

zfrcon 18, 6 15 14 14, 4 9, 6 15, 8 18, 6 20, 6 12, 5 12, 3 
apatite 4 3 7, 9 0, 5 1, 9 2 2, 6 1, 3 2, 1 1, 7 
si llim. 2, 4 O, 1 2, 6 O, 6 0, 8 O, 7 
distene 3 8, 6 2, 4 1, 3 4 2 3, 8 
zaphire 

gold 

ilmenite 30, 6 30 20 51 , 2 48 20, 6 90 5, 3 II , 2 IO, 9 
limonite IO 4, 6 12, 1 3 7, 6 I I 10 27, 3 9, 4 6 
tourm: 16, 6 12 17, 6 16, 9 16, 8 16, 5 13, 3 8, 1 11 , 3 
garnct 2 3, 6 1 2, 8 4, 1 2, 6 18, 1 24, 7 
epidote 15, 5 20, 4 

hematite 4, 8 

ZTR index 89 78 81 96 83 88 90 49 42 

Tab. 4 

min rutile zircon apatite si llim. distene zaphire gold ilmenite limonite tourm. garnet epidote hematite magnetite n 
A 6, 07 II , 87 2, 3 5, 71 O, 53 O, 11 O, 04 

B 18, 3 15, 14 2, 7 O, 72 2, 51 

The identified association of heavy minerals is typical 
for crystalline rocks. lt is suggested by the occurrence of 
rutile, zircon, silimanite, disten and by the prevailing epi­
dote and gamet in some samples. The increased content 
of ilmenite, similarly to ~ quartz, also may show that the 
source area had volcanic rocks. 

100 

E 
.r::. ._ 
~ 
c 
8 

Fig. 9. Percentage histogram of heavy minera(s in diflerent 
/ocalities 

X - Ray analysis of clay 

Clay rip-up clasts, which occurred between beds at lo­
calities Dolné Trhovište and Piesočnica, were RTG and 
OT A analysed. Smectite prevai 1s in samples I /DT from 
Dolné Trhovište and 6/P and 2/P from Piesočnica . The 

41 , 64 16, 3 3, 46 6, 9 3, 93 O, 41 4, 40 21 
31, 78 IO, 1 12, 91 5, 89 3, 59 O, 48 IO 

most abundant minerals are, then, illite and kaolinite. In 
the sample 3/P (Piesočnica) illite prevails; less frequent 
are smectite and chlorite. The sample 4/DT (Dolné Trho­
vište) contains smectite with an increased content of Na. 
However, the Na content was probably caused by natrium 
hexamethaphosphate added to the sample in order to pre­
vent coagulation. Other minerals are illite and kaolinite. 

Conclusion 

The deposits of the Pliocene Volkovce Formation, re­
presented by thick sand beds with a gravel admixture, 
were studied at several localities in the NW part of the 
Rišňovce Depression (Dolné Otrokovice, Dolné Trho­
vište, Teplička and Piesočnica). 

The sand is mainly medium to fine-grained and it is 
well sorted (coefficient of sorting 1. 1 to 2.08). 

An imbrication of rip-up clasts occurs in the cross 
bedded sand. Vector measurements of clay imbrication 
support that the palaeotlow direction is from NW to SE. 

Brown to ocherous coloured upper part of beds sug­
gest that the intluence of oxidation due to water level fa ll. 
Except for the rarely occurring redeposited clasts of black 
claystones with a high content of organic matter, which 
represent eroded swamp deposits, the deposits do not 
contain any organic matter. 

Cross bedding and trough cross bedding is typical for 
the sand. Beds with horizontal lamination and scours also 
occur. The direction of cross laminae show transport di­
rection from NW to SE. Locally found opposite orienta­
tion of herring bone cross laminae is caused by tlows with 
different direction. 

From the viewpoint of mineral composition, smectite 
prevails and kaolinite, illite and chlorite occur in lesser 
amounts. Based on the mínera! composition the sands are 
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classified as quartz and sublitic sand with prevailing qu­

artz and li.thic rock fragments. 
The heavy mineral associations with rutile, zircon, 

ilmenite, tourmaline, gamet, epidote, disten and silimanite 

suggest that the source area had crystalline rocks. Accor­

ding to the palaeoflow direction (from NW to SE) it pro­

bably is represented by crystalline rocks of Považský 

Inovec Mts. Most probably also rivers from Bánovce 

Depression, transporting ~ quartz and probably al so illite 

fro m Ruskovce Formation, represented the path of sedi-

6% 
3% 0,48% 

10% 

30% 
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ment transport. High values of ZTR index suggest a rela­

ti vely high sand maturi ty. 
The continuing deposition, sufficient input of clastic 

material and probably also the absence of tectonic activi ty 

causing increased subsidence of the area of Rišňov Dep­

ression, show a progradational character of the delta. The 

delta probably joined south of the study area a lake occur­

ring in the centra! part of the Danube Basin. The characte­

ristics of the above described sandy deposits suggests their 

origin was in the delta plain represented by a wide channel. 

mrutile 

■ zircon 

oapatite 

18% o sillimanite 

■ distene 

15% □ zaphi re 

■ gold 

o ilmenite 

■ limonite 

■ tourma line 

ogamet 

oepidote 

■ hemat ite 

■ magnetite 

Fig. IO. Average contents of heavy mínera/s in díflerent localíties 
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Results of paleomagnetic investigation on Permian rocks of the Hronic Unit 
(Western Carpathians, Slovak Republic) 
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Abstract: The magnetostratigraphic in vestigation on thc profile ofthe Upper Carboniferous-Permian rocks 
belonging to the Hronic Unit in the Nízke Tatry Mts. revealed occurrence of the first-order tíme marker, 
so called Illawara Reversal , near the boundary separating the 2nd and 3rd megacycles at localities of the 
Malužiná Fm. 

Key words: Hronic multinappe Unit, Late Paleozoic magnetostratigraphy, lllawara Reversal 

lntroduction 

The continental sequences of the Pennian in the 
Western Carpathians are generally very poor in organic 
remnants determining insufficient radiometric data. The 
tíme period within the range of ;rno - 250 Ma is prevail­
ingly represented by clastic sediments and volcanics, 
which are preserved in the structure of Alpine units ofthe 
Western Carpathians in relics only. The analysis of these 
sequences has been carried out so far mainly by methods 
of lithostratigraphical analysis combined with biostra­
tigraphical and isotope-geochronometrical methods . The 
objective of this paper is to put forward a more precise 
tíme scale of the Permian of the Hronic Unit by the 
method of magnetostratigraphy. The complete profile of 
Upper Carboniferous-Pennian of the Hronic Unit in the 

ízke Tatry Mts. was analysed by standard magnetosta­
tigraphical methods. We choose localities in the Malužiná 
and Dikula Valleys (Fíg. 1.) which consist of non-meta­
morphosed sedimentary complexes. At these complexes 
we assume preservation of primary remanent magnetic 
polarization. Moreover, these sequences are continuously 
preserved from the underlying Upper Carboniferous rocks 
to the overlying Lower Triass ic rocks . 

In Permian volcanic-sedimentary formations of the 
Western Carpathians the method of magnetostratigraphy 
has not been applied so far. In the preceding period the 
paleomagnetic investigation was carried out (the results 
published by Muška 1975-1988, Muška & Vozár 1987-
1989, mainly in the frame of Project IGCP 5), but only 
used for the tectonic reconstructions. The amount of the 
data from indivídua! lithostratigraphic units was not suffi­
cient to be able to establish correlation with the magneto­
stratigraphic scale. 

Geological setting 

Late Palaeozoic volcano-sedimentary complexes in 
basa! part of nappes of the Hronic Unit are denoted as the 

Ipoltica Group which consists ofNižná Boca and Malužiná 
Formations (Vozárová & Vozár, 1981). The tectonic 
basement ofthe Ipoltica Group, located in the Ipoltica and 
Dikula Valleys S of the Čierny Váh river on the northem 
slopes of the Nízke Tatry Mts., consists of the Veporic 
Unit, mostly ofthe Mesozoic ofthe Veľký Bok Group. The 
interna! structure of the lpoltica Group sequences is 
affected by the Alpine thrusting and faulting processes. 
Variable tectonic reduction is evident mainly in the 
sedimentary sequences ofthe Nižná Boca Formation. 

Brief characteristics of lithostratigraphic units 

Nižná Boca Formation. It is generally coarsening-up­
ward silicic lastic sequence consisting of numerous small, 
repeating fining-upward sedimentary cycles. The vertical 
profile of the Nižná Boca Fm. indicates channel and 
overbank fluvial deposits originated in meandering rivers . 
The presence of lacustrine deposits suggests occurrence 
of lakes nearby rivers. The deposits are predominantly 
Gray and black. This fluvial-lacustrine and/or fluvial-del­
taic and lacustrine association was interrupted by syn­
sedimentary subaerial volcanism. It is manifested by 
abundant redeposited volcanogenic material mixed with 
non-volcanic detritus and with sporadic occurrences of 
thin layered dacitic tuffs as we ll as exceptionally dacite 
Java flows . 

Macroflora from the uppennost part of the Nižná 
Boca Fm. proved the Stephanian B-C age (Sitár & Vozár, 
1973). The palynological analysis of Planderová (1973) 
distinguished the Stephanian A-B and the Stephanian C-D 
microtlora assemblages. 

Malužiná Formation. The Pennian sequence of the 
Malužiná Fm. is developed gradually from the underlying 
Nižná Boca Fm. It comprises a thick succession of red­
beds (more then 2000 m in places) which consists of al­
ternating conglomerates, sandstones and shales. Lenses of 
dolomites, gypsum and calcrete/caliche horizons occur 
locally. Fining-upward cycles in the order of several me-
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Fíg. I Geological silualion of !he !polti ca V. and Diku/a V. (Nor/hern par/ of !he Nízke Ta/ry Mls.} 

Explanalion: Hranie Unil - / . carbona/e rock complex of Middle Triassic; 2. c/astic sedimenls of Lower Triassic; 3 - 7. Malužiná 

Forma/ion: 3. 3"1 megacyc/e sedimen/s; 4. andesile-basalls of 2'Hi eruption phase; 5. ľHi megacycle sedimenls; 6. !'" megacyc/e 

sedimen/s; 7. andesile-basal/s of Y' eruplion phase; 8 - 9. Nižná Boca Forma/ion: 8. sedimen/s; 9. diorític sílls and dykes of 

Permian in age; Veporic Unil - 10. Mesozoic sedimenls oj !he Veľký Bok sequence; general explanalion: I / . faul/s ; overlhrusl fines, 

12. schistosity, foliation 

ters, as well as three regional megacycles arranged above 

each other, are typical. The polyphase synsedimentary 

andesite-basalt volcanism is the further s ignificant phe­

nomenon. Fossil remnants of the channel bar and point 

bar deposits associated with flood plain and natural 

levee sequences are dominant in the lower part of the 

three megacycles . A playa and in land sabkha/ephemeral 

lake association was identified in the upper part of the 

megacycles . The deposits of the Malužiná Fm. were 

deposited mainly in fluvial and fluvial-lacustrine 

depositional system during permanent semiarid and arid 

climate. 
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Fíg. 2. The examples of demagnetization graphs of the 
samples No 62C from loc. l 20, No 63A I /rom locality l 21 
and No 49D2 from locality L 14. Thermal demagnetization 
curves: dashed line - volume magnetic susceptibility; 
bracked line - remanent magnetic polarization. 
Zijderveld-diagrams of the XY and XZ components. 
Stereographic projections of the thermal cleaning course: 
the small letters - mean reversal magnetic polarization: the 
capila! letters - norma! magnet ie polarization. 
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The microflora proved the Lower and Upper Permian 
age of the Malužiná Fm. The following assemblages 
were described by Planderová (in Planderová 1973 and 
Planderová & Vozárová, 1982): 1. The Autunian 
assemblage, corresponding approx. to the sediments of 
the 1st megacycle; 2. The Autunian-Saxonian assem­
blage, specifying age of the 2nd megacycle; 3. The 
Thuringian assemblage, determining age of the third 
megacycle sediments. 

In the upper part ofthe 2nd megacycle a local litho­
stratigraphic member was defined - the Kravany Beds. 
They consists of gray and greenish-gray sandstones and 
siltstones with locally redeposited plant debris and thin 
uranium-bearing horizons . The Autunian-Saxonian 
microflora assemblages correspond approximately to 
the 1 st and 2nd megacycles. This assumption is 
supported by 206Pbi238U and 207 Pbi235U dating of 236 
and 274 Ma from uranium-bearing layers (Lepka in 
Rojkovič et al. 1992). 

Magnetostratigraphic measurements 

The 351 rock samples from 23 outcrops of investi­
gated profile were elaborated. Each sample was under­
gone thermal magnetic cleaning. Paleomagnetic measu­
rements were carried out in Paleomagnetic laboratory 
of the Geophysical lnstitute SAS Bratislava. The de­
magnetization step of 50 °C from the natural stage till 
to 650 °C was used. The remanent magnetic polari­
zation as well as volume magnetic susceptibility were 
measured after each demagnetization step. Thermal 
cleaning . was performed into MA V ACS - system, 
magnetic polarization was measured on spinner 
magnetometer JR-5 and volume magnetic susceptibility 
on cappa-bridge KLY-3. The demagnetization graphs, 
so called Zijderveld-diagrams of XY and XZ compo­
nents and stereographic projection of the remanent 
magnetizatíon vectors was performed. Mean paleo­
direction of each Iocality (outcrops) was calculated 
usíng the Físher statistics (Físcher, 1953). 

Characteristic paleodirection of measured sample 
was chosen according to demagnetization graphs (Fíg. 
2). The smooth part ofthe magnetic susceptibility curve 
índicated that no phase transitíon of magnetic mineral 
occurred in rock sample. We supposed that after 
several first thermal steps the secondary, probably 
viscose, magnetic polarization was released. Conver­
gention of the paleodírections on stereoprojection as 
well as on Zijderveld-diagrams was also criterion for 
choosing of characteristic direction. Several samples 
with the farge dispersion of the remanence directions 
were rejected. 

Jn efforts to choose as probable as possible paleodi­
rection we analysed the four variants of characteristic 
directions . 

Discussion and conclusion 

The results are summarized in a schematic magneto­
stratigraphic profile for the Late Palaeozoic of the 
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Hronic Unit (Fig. 3). In the Upper Carboniferous, the 
reversal pattern has been extended into the whole 
profile in the Dikula Valley. The mean values of 
magnetic inclination is ranging from - 30° to -40°. The 
set of measured samples from both Upper Carbo­
niferous localities is characterized by reversely and 
homogeneously magnetized rocks. Indication of norma! 
polarity were found close to the Nižná Boca Fm./ 
Malužiná Fm. boundary (loc. NT-3). Within the I st and 
2nd megacycles of the Malužiná Fm. sediments both 
norma( and reversal magnetization have been found 
besides some inhomogeneous samples. Prevalent part 
of sediments is characterized by reversal polarity with 
the mean inclínation between 0° and -30°. Several 
norma! magnetized horizons were found. The mean 
positive inclination within the I st and 2nd megacycles 
varies between 0° and +45°. 

We assume, despite of this uncertainty, that the 
sediments of the Nižná Boca Fm. and the 1st and 2nd 
megacycles of the Malužiná Fm. belong to the 
Carboniferous-Permian Reversed Megazone (Menning, 
1995; formerly the Kiaman Magnetic Interval - lrwing 
& Parry, 1963, later abandoned by lrwing and Pullaiah 
1976 and replaced by the Permo-Carboniferous 
Reversed Superchrone). Within the Carboniferous­
Permian Reversed Megazone (CPRM) were described 
several norma! zones (according to Menning, l.c. at 
least five horizons). Two were identified near the 
Carboniferous-Permian boundary of the Transcaucasus 
succession (296 Ma; Khramov & Davydov, 1991 ). Two 
further norma) zones are in the volcanics of Tholey 
Subgroup of the Saar-Nahe-Basin (291 Ma; Berthold et 
al., 1975). A fifth norma( zone is in the Garber 
Sandstone (Oklahoma, about 280 Ma; Peterson & 
Nairn, 1971 ). Nevertheless, correlation of the Malužiná 
Fm. normal zones with those five zones is complicated 
due to absence of any radiometríc dating. 

There is evidence that in the uppermost part of the 
2nd megacycle (Fig.3) a systematic change of the 
inclination occurs. A strong change in the inclination 
occurs at loc. NT-14 (Fíg. 3). The mean value of 
inclination is shifting from +80 to negatíve inclination . 
This zone could be correlated with lllawara Reversal 
(IR). This assumption is supported by the radiometric 
data 263 resp. 274 Ma from the lithostratigraphical 
equivalent uranium-bearing horizon. IR is a first-order 
time marker estimated by Khramov (1963) within the 
Tatarian . According to Menning (1995) the age of the 
Illawara Reversal is 265 Ma. 

Within the third megacycle of the Malužiná Fm. 
there are alternating reversed and norma! polarity 
zones. They should be correlated with The Permian­
Triassic Míxed Megazone Menning (1995) . 

The following facts underline the reliability of the 
results : 

l . The magnetostratigraphic boundary represented 
by a strong change of polarity fall within lithological 
units. 

2 . The polarity determination in the whole complex 
of collected sediments is complicated. Additional 
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Fig. 3. Results of magnetostratigraphic investigation o/ the late Pafaeozoic Hron ie Unit. E.xplanation: NT no - number o/ /oca/ity 
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investigations must be carried out using finer grained 
samples as far as possible and applying a detailed thermal 
ev. alternating field demagnetization. 

3. The Autunían-Saxonian sequences are divided from 
the Thuringian of the Malužiná Fm. by strong change of 
polarity confirming by the Illawara Reversal. 
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