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Hydrothermal siderite - basemetals vein mineralization 
in the vicinity of Čavoj, Suchý Mts. 

TOMÁŠ MIKUŠ1, MARTIN CHOVAN2, JAROSLAV PRŠEK2 and TIBOR ŠLEPECKÝ3 

1Geological Institute, Slovak Academy of Sciences, Severná 5, 974 OJ Banská Bystrica 
2Depart. of Mineral. and Petrol. , Faculty of Sciences, Comenius University, Mlynská dolina G, 842 15 Bratislava 

3Progeo Ltd ., Predmestská 25,0 10 01 Žilina 

Abstract. Detailed mineralogical and paragenetical research distinguished several stages of the hydrothennal 

mineralization at the Čavoj deposit. The first stage is Ni-Co assemblage in the siderite veins, with arsenopy

rite, gersdorffite and iAs2 phase. The second is quartz-carbonate-sulphide stage with Ag-mineralization (sil

ver, freibergite, Ag-tetrahedrite, pyrargyrite, argentite, polybasite). Tetrahedrite with high Ag content (up to 

35 wt. %) is unique in the Tatric tectonic unit. The youngest stage is represented by barite mineralization with 

hematite. 

Key words: Western Carpathians, siderite mineralization, Pb-Zn-Ag mineralization, freibergite, Ag-sul

phosalts 

Introduction 

The first report about mining activities in the Čavoj is 

from years 1568-1569, however in the year 1589, mines 

were destroyed. Renewal of mining was in the first half of 

1 th century. According to archíve reports in the year 

1609. 60 tons of lead from Čavoj was exported to Silesia. 

In the year 1613 it was only 45 tons. During Rakoczy 

uprising, the mines were closed and since ninetieth years 

of 17th century the baron Schmidegg reopen mi nes. Čavoj 
and Valaská Belá mines were reopen in the 1724, but in 

the 1746 following bad res ults mining acti vities were 

stopped. Mining company from Banská Štiavnica repur

chased Čavoj deposit in the 1783. However, the unpro

fitable exploitation was stopped in the 1795 (Holec, 

1968). In period 1941-1944 were rejected 270 m in the 

Eleonora adit (Mikoláš et al., 1993). 

Čillík & Polák in Slávik et al. ( 1967) described min

eralization in the Čavoj . Ore mineralization occurs in tiny 

ore veins in the crystalline schists. Veins generally have 

direction SW-NE with steep dip to SE and thickness up to 

2 m. Two generations of minerals were distinguished by 

Kantor (l 977): older - quartz, calcite, barite, siderite and 

younger - galena, sphalerite, pyrite and arsenopyrite. Šle

pecký et al. ( 1992) described from the Čavoj deposit gers

dorffite and Ag minerals as: Ag-tetrahedrite, freibergite, 

argentite, polybasite, stephanite, pyrargyrite and native 

si l ver. 
Yariscan age of Pb-Zn mineralization supports lead 

isotopes investigations: 240-250 Ma (Kantor & Rybár, 

1964) (sample of galena from Temeš), 240-270 Ma 

(Čemyšev et al. , 1984) (sample of galena from Čavoj -

Mendel adit). 

Sulphur isotopic composition of barite is 834S = +23.7 %o 
(Kantor, 1977). Repčok et al. ( 1993) provided isotopic 

analyses of oxygen and carbon in calcite (Čavoj, Baniská 

and Geschenk localities): 813Cr08 from -5.44 to -8.79 %o, 

ô18OsMOW from +14.68 to +20.48 %o. 
After expansive drill-hole prospecting, reserves were 

calculated and ores were classified to rank Pl and Z3 

(Mikoláš et al. , 1995). 

Low attention of mineralogists was paid to mineral

ization at the Čavoj deposit. No publication in periodical 

mineralogical magazines was published up to this tíme; 

results of mineralogical - geochemical investigations 

could be found in manuscripts and proceedings. During 

our mineralogical study we have reconstructed develop

ment of mineralization and correctly determined minerals 

by microprobe analysis. 

Methods of study 

Samples for mineralogical study were taken from old 

dumps in the vici nity of Čavoj village. A Carl Zeiss Jena 

- Jenapol microscope was used for microscopic studies . 

Sulphides and sulphoarsenides were analysed by a wave

dispersion (WDS) electron microprobe and photographed 

by back-scattered e lectron (BSE) at Faculty of Natural 

Sciences, Comenius University Bratislava; using a JEOL 

JXA 840A probe under following conditions: 20kV, 

l 5nA, beam diameter 2-5 µm, standards - arsenopyrite, 

pyrite, sphalerite, cinnabar, chalcopyrite, GaAs, Fe, Ni, 

Co, Sb, Cu, Cd, MnO. 
Ag minerals and Ag-tetrahedrites were analysed in the 

Geologisk Institut University of Kobenhagen in Danmark ; 

using a JEOL SUPERPROBE 733 probe under fo llowing 

conditions: 15k V, 1 On A, beam diameter 5 µm, standards 

- Sb2Se3, Ag, Cu3AsS4 for Ag minerals and 20kV, 20nA, 

standards ZnS, HgS, Ag, CdS, Cu3AsS4, Cu3SbS4, CuFeS2 

for tetrahedri te. 
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Fíg. IA : Schematic geological map ofvicinity of Čavoj (according to Mahel'. 1985). I - undivided Mesozoic (Kríl.na nappe 

and sedimentary Mesowic cover), 2 - quartz biotitic paragneisses, 3 - ribbed migmatites and migmatized micaschísts, 4 -

leucocratic granites, biotitic granites, granodiorites and quartz diorítes, 5 - amphíbolites, 6 - quaternary delluvia/ and 

alluvial sediments, 7 - old mine entrances. 

Fíg. 1 B: Schematic sketch of mining field berwee11 Čavoj and Cápe/' with names of o/d adits and shafts: I) Strieborná adit, 

2) Alte adit, 3) Geschenk shctft. 4) Pingové polejield, 5) Ferdinand shaft, 6) Mende/ adit, 7) Trojiéná shaft, 8) Nepomuk adit, 

.9) Kormendi adit, IO) Jozef adit, // ) Eleonóra adit, 12) Kaiser adit. 
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Carbonates were analysed by an energy-dispe rsion 
(EDS) KEYEX at Geologica l Survey oľ Slovak Republi c 
Bratislava, using a JEOL SUPERPROBE 733 . 

Geological settings and ore mineralization 

The Pb-Zn-Ag deposit Čavoj is located in the Suchý 
Mts. The crystalline complexes of the Suchý Mts . are 
separated from Malá Magura Mes. by thc Palcogene 
Diviaky fault (Fíg. 1 A). The crystal line core of the Suchý 
Mts. is mainly composed of granitoid rocks, paragneisses 
and migmatite complexes. The metamorphic rocks co rres
pond to high-grade paragneisses. Granitic rocks (tonali
tes, granodiorites, granites) belong to the S-type group 
(Hovorka & Fejdi , 1983). 

The age of granitoidic rocks from the Suchý and Malá 
Magura Mes. was determined by Rb-Sr isochron at 393 ± 
6 Ma (Kráľ e t al., 1987). Yariscan tectonogenesis is do
minant in both cores. The Alpine restructuring oť the 
crystalline complex is relative ly poor and did 1101 change 
the older tectonic pattern substantiall y (Maheľ, 1985 ). P
T-X parameters of metamorphic processes indicate diffe
rences in their progress ive and retrogressive metamorphic 
evolution in the crystalline cores of Suchý and Malá Ma
gura Mts. The metamorphic temperatures and pressures 
are as follows : Suchý Mts: 540 - 560° / 4 - 5 Kbar, XH20 
= 0.6 - 0.8, Malá Magura Mts: 620-640° / 4 .5 - 5.5 Kbar. 
XH20 = 0.8-1 .0 (Dyda, 1994 ). 

Investigated hydrothermal siderite - basemetal (Pb
Zn-Ag) mineralization occurrences are situated 2 km 
NW and from the village Čavoj be tween settl ements 
Krpeľanci , Sunegovci, Kučerovci , Šindliarovci and Koš
károvci in the crystalline complex of che Suchý Mts (Fíg. 
1 B). Mining field generally has direction E-SW , length 
approximate ly 3.25 km and width in average about 50 m. 
lt is situated in biotitic gneisses, paragneisses, grano
diorites, granites, ribbed migmatites and migmatized pa
ragneisses. Yeins of pegmatites 50 cm thick are oťten 
situated in the migmatites. Samples were taken ťrom old 
dumps shafts and adits Strieborná, Alte, Geschenk , Pin
gové pole, Ferdinand, Mendel , Troji čn á, Jozef. Nepomuk, 
Eleonóra (Fig . 1 B). 

Mineralogy 

Ore minerals 

Acanthite is relatively rare on the Pingové pole loca
lity. lt forms anhedral grains and admixtures with in ga
lena large up to 0.05 mm in size (Fig. 2). les characteristic 
feature is instability under the reflected pola ri sed light 
(corrosion and colour changes) . Acanthite is one of the 
youngest sulphide mineral s at the deposi l. WDS ana lyses 
are presented in Table l and in Fig. 3. 

Arsenopyrite occurs commonly in the for m of euhed
ral grains in large up to I mm in sizc or in form of 
impregnations in quartz 1, mai nl y at the Jozef locality. lt 
sometimes forms anhedral aggregates. Arsenopyrite 
occurs with pyrite I and pyrrhotite . Euhedral crystals are 

Gal 

• 1 . 

209 

(" 

/ 0,5mm 

Fíg. 2 Anhedral irains oj acanthite (Act) up to 0.05 mm in 
f(alena (Gal). Reflected polarized light. 
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Fig. 3. The relationship berween Ag and Sb content in the Ag 
sulphides and sulphosaltsfrom the Čavoj deposit. 

often c rushed and cracks are filled by chalcopyrite, galena 
and sphalerite. 

/Joumonire is rare at the Jozef and Eleonóra localities. 
Bournoníte forms anhedral agregates up to 0.02 mm in 
size. At the Jozef locality, it occurs with arsenopyrite and 
replace chalcopyrite I. On the Eleonóra locality bourno 
nite occurs with ga lena. Bournonite was identify by mic
roscopic stud y by its greyish white co lour with a distinct 
blue tint and very rare was observed weak an isotropy on 
twin lamellae. 

Calena is one of the major sulphide minerals at the 
Čavoj deposit. lt is usually medium to fine-grained, rarely 
fo rms individual crystal s up to 0.5 cm in diameter. Galena 
creates ve ins in the quartz and carbonates up to few cm in 
thick. Ir accompanies sphalerite. Galena replaces chalco
pyrite and is replaced by tetrahedríte and pyrite II. The 
ľi ssures are often filled by Ag-sulphosalts and sulphides 
(Fig. 2). Secondary mineral s from the grain-margins and 
through fissures corrode ga lena . 

Cersdor:ffite is very abu ndant at the Jozef loca lity. It 
fo rms aggregates of euhedral crystals or impregnations in 
the quartz I and in the side rite . It occurs with arsenopyrite 
and pyrite I, replacing these mineral s. Other assoc iation is 
wi th tetrahedrite, chalcopyrite and sphale rite. Gersdorťfi te 
create atolls structu res with galena and rarely forms ske-
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leton aggregates (Fíg. 4). Gersdorffite is he terogeneous 
and is oscillatory zoned (Fíg. 5). Content of As and S is 
changing in the zones. The black zones have the highest 
content of S, while the lightest phase with diameter 10 
µm (Fíg. 6) correspond to NiAs2 . lt is possible that it is 
one of these mjneral s: rammelsbergite, pararammels
bergite or krutovite. WDS analyses are presented in 
Table 2 (Fíg. 7) . 

Fig. 4. Skeleton aggregates oj gersdorffite. SEM-BEI. 

Fig. 5. Oscíllatory zoned gersdorffite crystals with 
changing content of As and S. The black zo nes have 
the highest content of S, while the Lightest zanes 
have the highest As content. SEM-BEI. 

Fíg. 6. Detailed view oj gersdorffite grain. Darkest 
zanes correspond to gersdorffite; white zanes cor
respo_nd to NiAs2 phase. SEM-BEI. 

Slovak Geol. Mag. ,9, 4 (2003), 207- 216 

Gold was found only exclusively at the Strieborná 
locali ty in the form of anhedral grain (0.0X mm) Í'l1 the 
quartz vein. lt occurs in the fragments of quartz, that 
cements veins of secondary Pb minerals in the galena. Its 
position within the succession scheme is uncertain . 

Hematite is relatively rare and occurs at the Ferdinand 
locality in the barite. Hemati te forms lamellar crystals up 
to l mm in size. It occurs in association with barite and 
replaces pyrite III and barite. The youngest mineral 
assemblage is consisting of hematite with barite and 
pyrite III. Hematite was identified by microscopic study. 
lt has grey-white colour with a bluish tint and deep-red 
interna! reflections. 

Chalcopyrite is abundant at the all local ities in the 
Čavoj deposi t. lt forms anhedra l grains in two different 
associations and generations : 

1. as inclusions in sphalerite up to IOOµm in size 
forming blebs, dots, minute particles and vermicul ar 
structures in intimate chalcopyri te-sphalerite intergrowth. 

2. in association with carbonate, pyrite I, galena or 
tetrahedrite. 
Yeins of chalcopyrite penetrate tetrahedrite and sphalerite 
and replace galena from margins. Furthermore, chalco
pyrite replaces gersdorffite. 

Marcasite is relatively abundant at the locality 
Baniská in the quartz I in the form of lamellar crystals up 
to 2 mm in size. lt occurs with pyrite I and is replaced by 
quartz II . Its relation to other ore minerals is unclear. 
Marcasite was identified by optical properties. lt has 
yellowish white colour and strong white bireflectance 
with brownish tint. lts anisotropy is strong wi th blue and 
green-yellow colour. 

Native si/ver occurs only exclusively at the localities 
Strieborná and Geschenk. lt forms admixtures, inclusions 
and vei ns (up to IO µm) in the galena. lts relation to other 
ore minerals is unclear. WDS analyses are given in Table 1. 

Pyrargyrite is abundant mínera! at the localities in the 
Čavoj deposit. lt forms dark-red anhedral aggregates (up 
to 0.5 cm) in the quartz and galena. Pyrargyrite occurs 
with galena and tetrahedrite. Fissures in galena are often 
filled by pyrargyrite (Fíg. 8). Together with other Ag 
sulphosalts and sulphides, it is one of the youngest 
minerals at the deposit. WDS analyses are given in Table 
3, and their plot in Fíg. 3. In reflected polarized light it 
has blu ish grey colour with strong anisotropy masked by 
intense carmine-red intemal retlections. 

Polybasite is rare and it forms anhedral grains and 
admixtures in the galena (up to 0.2 mm) (Fig. 9). Fissures 
in galena are filled by polybasite . WDS analyses are in 
Table I and their plot in Fíg. 3. In retlected polarized 
light it has grey colour with a greenish tint. The aniso
tropy is very weak . A deep-red interna! retlections are 
nearly always visible. 

Pyrite is very abundant in si licified hydrothermal alte
ration zones in wallrock and also in hydrothermal veins. It 
forms euhedral crystals up to 3 mm in size. Pyri te occurs 
in severa l generations: 

1. pyrite I forms euhedra l grains and impregnations in 
the quartz and carbonates. Euhedral crystals are some-



Mik11š, T el al.: Hydrothermal siderite ... 

211 

Table I. Representative electron microprobe analyses oj ore minerals jrom the Čavoj deposit 

* 1 2 3 4 5 6 7 
wt. % Cu 0.57 2.53 0.03 1.63 0.01 0.01 

s 16.43 18.11 13.49 15.26 0.47 0.01 
As O. IO 0.02 - - 0.07 0.01 
Ag 81.22 79.12 0.01 70.74 95.59 102.5 
Sb 0.01 0.01 0.01 8.56 0.01 O.OJ 
Se 0.02 0.01 - - O.OJ O.OJ 
Fe - - O.OJ 0.01 - -
Pb - - 86.24 0.47 - -
Bi - - O.OJ O.OJ - -
I 98.36 99.80 99.80 96.12 96.68 96.16 102.6 

at. % Cu 0.70 2.97 0.06 2.16 2.08 0.02 0.02 
s 40.16 42.20 50.22 39.45 38.69 1.63 0.03 

As O.IO 0.02 - - - O. IO O.OJ 
Ag 59.01 54.79 0.01 52.26 53.31 98.23 99.89 
Sb O.OJ O.OJ O.OJ 6.01 5.76 O.OJ 0 .01 
Se 0.02 0.01 - - - 0.01 0 .04 
Fe - - 0.02 0.01 0.0 1 - -
Pb - - 49.68 0.09 0. 18 - -
Bi - - 0.01 0.00 o.oa - -

* 1, 2 - acanthite, 3 - galena, 4, 5 - polybasite, 6, 7 - nati ve s il ver 

Table 2. Representative electron microprobe analyses oj gersdorffite ( / -8) and NiAs2 phase (9-15) jrom the Čavoj deposit. 

Jozef adit 
wt. % 1 2 3 4 5 6 7 8 9 IO II 12 13 14 15 

Ni 27.96 28.34 27.97 28.76 28.64 28.06 29.00 28.89 23.42 22.56 23.48 23.47 23.12 21.67 21.67 
As 53.84 50.34 49.34 52.28 51.61 54.48 52.91 52.26 67.44 68.96 66.63 66.16 66.31 68.02 67.57 
s 11.96 13.58 14.94 13.43 13.86 11.55 12.59 13.00 3.36 4.26 4.84 5.10 4.04 4.31 4.55 

Co 2.85 3.05 3.17 3.33 3.32 2.87 2.91 2.90 3. l íl 3.44 3.51 3.5 1 3.69 3.53 3.53 
Fe 2.21 2.77 2.41 2.60 2.59 2.22 2.13 2.12 1.33 1.74 1.77 1.77 1.60 1.72 1.72 
Cu 0.15 0.56 0.56 0.46 0.46 0.15 0.25 0.25 O. IO 0.30 0.08 0.08 0.09 0.14 0.14 
ľ 98.97 98.65 98.39 100.87 100.47 99.32 99.79 99.41 98.74 101.26 100.32 100.09 98.86 99.40 99.18 

at. % 
Ni 28.72 28.59 27.91 28.53 28.38 28.86 29.33 29.18 26.92 25 .09 26.09 26.06 26.30 24.53 24.51 
As 43.34 39.80 38.59 40.64 40.08 43.91 41.93 41.37 60.75 60.09 58.02 57.55 59.09 60.35 59.90 
s 22.50 25.08 27.30 24.39 25.14 21.76 23.31 24.05 7.06 8.66 9.85 10.36 8.41 8.94 9.42 

Co 2.92 3.07 3.15 3.30 3.28 2.94 2.94 2.92 3.55 3.81 3.89 3.88 4.18 3.98 3.98 
Fe 2.39 2.94 2.53 2.72 2.70 2.40 2.27 2.25 1.61 2.04 2.07 2.07 1.92 2.05 2.05 
Cu 0.14 0.52 0.52 0.42 0.42 0.14 0.23 0.23 0.11 0.30 0.08 0.08 O. IO 0.15 0.15 

Table 3. Representative electron microprobe analyses oj pyrargyrite /rom the Čavoj deposit. 

Eleonóra adit Strieborná adit Eleonóra adit 
l 2 3 4 5 6 7 8 9 10 11 12 

wt.% Cu 0.07 0.01 0.01 0 .18 0.21 0.16 0.09 0.10 0.21 0.16 0.42 0.01 
s 17.58 17 .77 16.97 16.90 17. 11 16.77 17.21 16.29 17.73 16.79 17.87 16.49 

As 0.49 0.02 0.08 0.01 0.13 O.OJ 0.04 0.01 O.OJ 0.09 0.07 0.08 
Ag 60.59 59 .70 60.61 60.68 60.20 60.93 61.28 60.71 60. 17 60.09 61.39 62.45 
Sb 21.40 22.46 22.72 22.19 21.74 2 1.57 21.66 22.61 22.10 22.68 21.15 21.83 
Se 0.01 0.01 0.01 0.04 0.03 0.06 0.01 0.07 0.0 1 0.01 0.01 O.OJ 

I 100.15 99 .98 100.4 100.0 99.41 99.5 1 100.25 99.79 100.23 99.82 100.29 100.87 
at. % Cu 0.09 0.01 0.01 0.22 0.26 0.20 0.11 0.12 0.25 0.20 0.51 0.01 

s 42.39 42 .88 41 .38 41.33 41.83 41.24 41.78 40.35 42.67 41 .21 42.62 40.37 
As 0.5 1 0.02 0.08 0.01 0.14 0.01 0.04 0.0 1 0.01 0.09 0.07 0.08 
Ag 43.42 42 .81 43 .93 44.1 1 43.75 44.53 44.21 44.69 43 .04 43.83 43.51 45 .44 
Sb 13.59 14.27 14.59 14.29 14.00 13.97 13.85 14.75 14.01 14.66 13.28 J4.07 
Se 0.01 0.01 0.01 0.04 0.03 0.06 0.01 0.07 O.OJ O.O! 0.01 O.OJ 
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Fíg. 7. The temary diagram oj WDS electron microcmalyses oj 

gersdo,ffite and NiAs2 phase from éavoj. 

Gal 

015mm 

Fíg. 8. Anhedral grain of pyrargyrite ( Prg) a,u/ tetrahedrite 

(Ttd) in galena (Gal). Rejlected po/arized lig/11. 

Gal Pol 

/ ·~ · 

Fig. 9. Anhedra/ grains oj polybasite (Pol) in f.:a lena (Gal). 

Reflected polarized light. 

times crushed. Fissures are filled by secondary Fe-mi

nerals. Pyrite I occurs in association with arsenopyrite, 

gersdorffite and marcasite. Sphalerite, ga lena and chalco

pyrite intensive replace pyrite I from grain margins. 

Slovak Geol. Mag .. 9, 4 (2003), 207-216 

2. pyrite II occurs in form of tiny grains (up to 0.5 

mm). Sphalerite, galena and chalcopyrite are replaced by 

pyrite II. 
3 . pyrite III is assoc iated with barite and hematite. 

Pyrrlwtite was sporadica ll y found at the Strieborná 

adit locality . Pyrrhotite forms anhedra l grains in quartz 1. 

lt is replaced by galena and sphalerite . Pyrrhotite was 

identifying by microscopic properties: its colour is cream 

with a faint pinkish brown tint. lt tamishes slowly on air. 

Bireflectance is very di sti nct - brownish creamy. Aniso

tropy is very strong with yellow-grey, greeni sh grey or 

greyish blue colour. 

Sphalerite is the prevailing ore mineral together with 

galena. lt forms vei ns several cm thick, rarely 30 cm, in 

the quartz and carbonate at locality Eleonóra adit. In this 

locality, sphalerite occurs in two generations. The older 

sphalerite I has red-brown colour and is impregnated by 

pyrite. Younger spha lerite II is dark and it forms veins in 

the older one. Sphalerite II is enclosed by galena. Spha

lerite is mostly replaced by galena and often contains 

chalcopyrite inclusions and admixtures. Sphalerite with 

,,chalcopyrite disease" is enriched in Fe (3.59 wt. %, 

Table 4 ). Sphalerite is penetrated by chalcopyrite and 

tetrahedrite. Sphalerite is from the grain-margins and 

through fissures intense ly corroded by secondary mine

rals. WDS analyses of sphalerite are given in Table 4. 

Stephanite ? occurs only rarely in the form of tiny, 

mostly anhedral grains in association with galena. It was 

identified only on the base of the optical properties: its 

colour is grey with pinkish tint. Bireflectance is weak, but 

di stinct: grey with a brownish pink tint. 

Tetrahedrite and Freibergite are relati vely abundant 

in the all studied localities. Tetrahedrites from the Čavoj 

deposit have the high content of Ag (Fig. 1 O). Two types 

of „tetrahedrites" were distinguished. The 1 ' t type - Ag

tetrahedrite contains 8.63- 12.51 wt. % Ag (Table 5). The 

2"d type - freibergite contains up to 35 .52 wt. % Ag 

(Table 6). Both types occur with galena, sphalerite, chal

copyrite and Ag sulphosalts. Tetrahedrites are younger 

than sphalerite and galena. The contents of As and Sb 

range 0.44-2.94 wt. % and 24.05-26.96 wt. %, respec

tively. Relation Fe-Zn shows complementary substitution. 

In reflected polarized li ght they have grey colour, tetra

hedrite with o li ve tint and freibergite wi th faint yellowi sh 

brown tint. 

Gangue minerals 

Barite forms veins, lenses and tabular crystals up to 4 

cm in diameter. The colour of bari te is withe, pink and 

brownish. It occurs together with calcite, quartz III, hema

tite and pyrite III. Barite was identified on the base of the 

optical properties. 
Carbonates are very abundant in the Čavoj deposit. 

Carbonate I - siderite (Fig. 11) occurs with quartz I, 

arsenopyrite, pyrite, and gersdorffite. Siderite replaces 

quartz I and it is heterogeneous. Carbonate II - Fe

dolomite (Fig. 11 ), occurs with carbonate II1 - ca/cite 

(Fig. 11 ). Fe-dolomite and ca/cite are associated with 
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Table 4. Represenlative eleclron microprobe analyses of sphalerile from lhe Čavoj deposit. 

Pi ngy shafts Eleonóra adit Alte adit 
1 2 3 4 5 6 7 8 9 10 

wt.% Zn 63 .20 68.96 69 .36 67.80 64.71 65 .27 63 .81 68.13 66.96 66.73 

Cu 0.12 0.07 0 .09 0.07 0 .23 0.13 0 .05 0 .00 0.00 0. 13 

Fe 3.59 0.82 0.68 0 .51 0.75 0 .88 0.72 1.48 1.47 1.42 

Mn 0.08 0.00 0.00 0 .00 0.00 0.06 0 .11 0.03 0.03 0.00 
Hg O. IO 0.17 0 .00 0. 16 0 .03 0.00 0 .04 0.04 0.04 0.05 

s 35.32 30.55 29.98 30.3 1 34.78 33.58 34.68 30.88 30.63 31.77 

Cd 0.46 0.20 O. II 0.19 0.14 0.21 0.16 0 .15 0 . 14 0.23 

I 102.8 100.7 100.2 99.34 100.6 IOO.l 99.56 100.7 99.28 100.3 

at. % Zn 45 . 17 52.06 52.78 5 1.84 47.29 48 .31 47.04 51.24 51 .01 50.DI 

Cu 0.09 0.06 0 .07 0.06 0 . 17 O.IO 0.04 0 .00 0 .00 0.10 
Fe 3.01 0.73 0.60 0.73 0.64 0.77 0 .62 1.31 1.31 1.24 
Mn 0.07 0.00 0.00 0 .00 0 .00 0.06 0.09 0 .03 0.03 0 .00 
Hg 0.02 0.04 0.00 0.04 O.OJ 0 .00 O.OJ O.OJ O.OJ O.OJ 
s 51.46 47.02 46.51 47.25 51.82 50.68 52.13 47.35 47.57 48.53 

Cd 0.19 0.09 0.05 0.09 0.06 0 .09 0.07 0.06 0 .06 O. IO 

Table 5. Represemalive electron microprobe analyses of Ag-lelrahedrite from the Čavoj deposil. 

1 2 3 4 

wt.% Fe 3.42 3.65 3.41 3 .85 

s 24.4 24.27 24.25 24.91 

Cu 31.18 30.36 30.09 32.3 

Sb 25.26 25 .82 26.21 22 .75 

As 2.34 1.3 1.29 4.14 

Cd 0.11 0 .22 0 . 18 0 .13 

Hg 0 .01 0.05 0 .27 0 .0 1 

Bi 0.29 0.45 0 . 19 0.28 

Zn 3 .68 3.8 3.76 3.46 

Ag 9.88 11.56 12.2 9.58 

I 100.72 101.48 101.84 101.42 

Fe 3.60 3.85 3.60 3.96 

s 44.72 44.55 44.55 44.64 

Cu 28.83 28. 12 27 .89 29.20 

25,00 

20,00 

~ o 15,00 
...: 
o 
O> 10,00 < 

5,00 

0,00 

Jozef adit 

5 

3.28 

24.03 

29.97 

26.26 

1.25 

0.2 

O.O! 

0.68 

3.85 

12.5 1 

102.04 

3.47 

44.29 

27 .87 

•• 

6 

3.73 

24.98 

32.32 

23.06 

3.8 

0 .14 

O.OJ 

0.41 

3.65 

9.56 

IO 1.66 

3.83 

44.72 

29.19 

•• 
• 

7 

3.39 

23.88 
30.2 

27.26 

0.33 

0 .16 

0.47 

0 .21 

3.68 

11.17 

100.56 

3.63 

44.50 

28 .39 

CP 

8 

3.26 

24. 1 

30.78 

27 .9 

0 .18 

0. 18 

O.O! 

0 . 14 

3 .87 

10.26 

100.67 

3.47 

44.67 

28.79 

9 10 11 

3.58 3.59 3.55 

23 .8 1 23.89 24.26 

32.14 32.29 32.04 

25 .62 25 .7 25.85 

1.59 1.6 1 1.75 

0.21 0 .18 0.06 

O.O! 0.06 0.2 

0 .6 0 .08 0.36 

3.62 3.62 3.69 

8.91 8.68 8.63 

100.09 99 .7 100.39 

3.80 3.81 3.74 

44.02 44.14 44.52 

29.98 30.10 29.66 
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II 

66.85 

O.OJ 

1.49 

0 .14 

0 .18 

31.31 

0.22 

100.2 

50.35 

O.OJ 

1.32 

0 .12 

0 .04 

48.06 

O. IO 

12 

3.41 

23 .75 

30.42 

27 .76 

0.08 

0.18 

0 .01 

0.45 

3.76 

10.82 

I00.64 

3.65 

44.33 
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Fíg. IO. Tlie rela1ionship between 
Ag and Cu contelll in 1he telrahed
riles from Čavoj in comparison 
with Ag-1e1rahedrites .from the 
Ta1ric teclonic 1111il. Limbach -
AndráJ el al. ( 1990), Soviansko -
Lupláková ( 1999), Dúbrava 
Chovan el al. (1998), Magurka
Slriebornica - Chovan el al. ( 1995). 
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Fíg. //. The temary diagram of EDS eleuron 111iC'roprobe 

analyses oj carbonates /rom the éavoj deposit. 

1 II III IV 

Stages Quartz- Quartz-carbonatc Baritc Sccondary 
siderite -sulph idc mincnils 

- - · 
quartz -- ---
siderite -pyrite - - -
arsenopyrite -
gersdortlite -
NiAs, -

marcasite -

pyrrhotite -

Fe-dolomite -
calcitc - -

sphalcrite --chalcopyríte - --

galena -tetrahedritc -
frcibcrgitc -

boumoníte -

pyrargyríte -

argentite -

1 stephanite -

polybasite -

native si lver -

baritc 1-
-

hematite 
Pb sec. mín. -
Cu sec. min. -

Fíg. 12. Parage11etic sequence o.f the éavoj deposit. 

quartz II , III and other yo unger sulphidc minerals 
(sphalerite, galena, tetrahedrite , chalcopyritc and Ag

sulphosalts). Galena often fi 11s cavit ies and tissures in Fe

dolomite. Fe-dolomite and ca/cite are homogcncous. The 

chemical composition of carbonates is li stcd in Table 7. 

Quartz is prevai ling gangue mineral in thc Čavoj. lt 

oceurs in three generations. Quartz l occurs with arse

nopyrite, pyrite 1, gersdorffite, pyrrhotite and marcasite. lt 

is usually white, main ly massive. Quartz I is rep laced by 

carbonates. Quartz II is milky-white, coarse-gra ined to 

mass i ve. It is associated with carbonates II and III and 
intensely replaces quartz 1. lt occurs together with 

sphalerite, galena and Ag-sulphosalts. Quanz 111 occurs 

together with barile, calc ite, hematite and pyrite III. 

Slovak Geol. Mag .. 9, 4 (2003), 207 - 216 

Development of mineralization 

The fo llowing mineralization stages were distingui
shed at localities with base-metal mineralization in the 

vicini ty oť Čavoj (Fíg. 12). The first mínera( assemblage 

forms veins few cm thick in hydrothermally altered rocks. 

Siderite is prevaili ng gangue mineral : quartz is less 

common. Aggregates of arsenopyri le and pyrite are often . 
i-Co minerals are close wi th siderite. Other minerals are 

relatively rare. 
The second mineral assemblage forms veins up to 30 

cm. composed of milky-quartz and carbonates with 

sphalerite and ga lena. Ag-minerals are accompan ied by 

galena. Sphalerite locally fo rms accumu lations up to 25 
cm in size. 

The third mineral assemblage forms veins up to IO cm 

in size. 

Diseussion 

We consider mineralization at the Čavoj locality as 

earbonate-sulphide, which belongs to the siderite type of 

mineralization. This type is described from many locali

ties in Tatric, Veporic and Gemeric tectonic Units of 

Western Carpathi ans. 
Development of mineralization is similar to that in 

Spišsko Gemerské Rudohorie Mts. (Varček, 1976; 
Grecula (ed.), 1995), and Nízke Tatry Mts. (Ozdín & 

Chovan, 1999: Pršek & Chovan, 2001 ). 
Siderite is one from the oldest minerals. lts chemical 

compo. ition is character istic by low eontenl of Mg, 

whereas Ca and mainly Mn contents are increased . High 

eon lent of Mn is characteristic also for siderite from 
Bacúch locali ty (Veporic Unit) (Pršek & Chovan, 2001 ). 

As- i mineralization is younger Lhan siderite. Main 

mínera! is ge rsdorffi te, which proceeded sometimes to Ni 

diarsenides simi larly al another occurrences of siderite 

mineralization in Western Carpathians (Halahyová

Andrusovová, 1972: Chovan et al., (eds.) 1994; Ozdín & 

Chovan, 1999 and others). 
Quanz-carbonate-sul phide mineraliza tion is younger 

than siderite; carbonate is mainly represented by Fe

do lomite and calc ite. Galena prevails over sphaleri te and 

tetrahedrite in sulphide mineral assemblage. In thal casc, 

with these amounts of specific sulphide minerals, miner
al iza ti on at the Čavoj locality could be compared wi th 

Bruchatý grúnik occurrence (Ozdín & Chovan, 1999) or 

Sovian ko deposit (Luptáková el al., 200 1 ). However, 

chalcopyrite or tetrahedrite prevai ls; ga lena is rare in 

Spišsko-Gemerské Rudohorie Mts. (Grecula (ed. ), 1995). 

Chalcopyrite prevails and ga lena is abundant al the 

Bacúch locality in orthern Veporic (Pršek & Chovan, 

2001 ). Tetrahedrite and chalcopyrite prevail ; galena is 

presented rarely in the Vyšná Boca area (Ozdín & 
Chovan, 1999). 

Barite, as a youngest mínera( is usuall y presented at 

the prevalence oť locali ti es of siderite minerali zation . 
Occurrence of freibergite, Ag-telrahedrite and other 

Ag su lphosal ts is charaeteri stic for Čavoj locality. Silver 
minerals in abundant amounls were nol found al any other 
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locality of siderite mineralization in Western Carpathians. 
Tetrahedrite with Ag 2:: 4 in the M+ position in the tetra
hedrite formula M2

+2M+ 10M3+4S 13 is consider to frei
bergite (Mozgova & Tsepin, 1983). Freibergit from Čavoj 
has more than 5 apfu of Ag. Silver rich tetrahedrite occurs 
on several others localities in the crystalline basement at 
the Western Carpathians. Tetrahedrite from the Bruchatý 
grúnik (Nízke Tatry Mts.) locality has content up to 7.79 
wt. % Ag (Ozdín & Chovan, J 999). Tetrahedrite contains 
5 .65 wt. % Ag in the Jasenie-Soviansko (Luptáková, 
1999), locally freibergite was observed with more than 31 
wt. % (Pršek unpublished data). Ag-tetrahedrite with 
17.98 wt. % Ag occurs together with electrum, polybasite, 
galena and sphalerite in the Pezinok - Staré mesto 
(Andráš et al., 1990). Futhermore, freibergite containing 
up to 26 wt. % of Ag and Ag-tetrahedrite containing up to 
5 wt. % was observed together with stephanite and 
argentite near Margecany village in the Veporic Unit 
(Baláž, 1992). 

Ag-sulphosalts are in the Tatric relatively rare; from 
the base-metals mineralization Pod Babou (Malé Karpaty 
Mts.) are mentioned Ag-Pb-Sb sulphosalts by Cambel 
(1959). Polybasite occurs at the locality Pezinok-Staré 
mesto (Malé Karpaty Mts .) (Andráš et al., 1990). Comp
lex Ag-Bi-Pb sulphosalts are presented at several loca
lities of siderite mineralization. Lillianite homologues are 
presented in Bacúch (Pršek & Chovan, 2001) and 
Bruchatý grúnik, pavonite homologues in Vyšná Boca 
(Ozdín & Chovan, 1999). 

Silver free sulphosalts are rarely present in Čavoj 
locality and are represented by boumonite only. Asso
ciation of bournonite with galena is characteristic. On the 
other side, Bi (Pb, Cu) sulphosalts are typical for sulphide 
mineralization at the siderite veins; bournonite and other 
Sb (Pb , Cu) sulphosalts are rare. 

Conclusions 

We consider mineralization at the Čavoj locality as 
carbonate-sulphide, which belongs to the siderite type of 
mineralization. 

Chemical composition of siderite is characteristic by 
low content of Mg, and increased Ca and Mn contents. 
As, Ni and quartz-carbonate-sulphide assemblages are 
present, galena prevail over others sulphides. 

Occurrence of freibergite, Ag-tetrahedrite and other 
Ag sulphosalls is characteristic for Čavoj locality. Silver 
minerals in abundant amounts were not found at any other 
locality of siderite mineralization in Western Carpathians. 
Freibergit from Čavoj has more than 5 apfu of Ag and Ag 
tetrahedrite has approximately IO wt.% of Ag. 
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Zoned clinopyroxenes from Miocene basanite, Banská Štiavnica - Kalvária 
(Central Slovakia): lndicators of complex magma evolution 
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2 

1Geological Survey of Slovak Republic, Mlynská dolina I, 814 07 Bratislava, Slovak Republic 
2Comenius University. Department of Geochemistry, Mlynská dolina G. 842 15 Bratislava, Slovak Republic 

Abstract. The basanite neck Banská Štiavnica - Kalvária (7.29 ± 0.41 Ma) belongs to the oldest alkaline ba
salt eruptiYe centres from the inner side of the Western Carpathians. This basanite has porphyric texture with 
olivine, clinopyroxene and plagioclase phenocrysts. Zonation is the characteristic feature of clinopyroxenes. 
There are some kinds of the zonation: core (centre) - mantle - rim, concentric, sector and oscillatory zoning. 
Ti-diopsides and Ti-augites of sandy and dark brown color. which constitute centres, mantles and rims of 
phenocrysts, come from alkaline basalt magma which was not differentiated to the high degree. The variabil
ity of Ti and Al contents suggests polybaric crystallization - inner parts of clinopyroxenes with lower Ti con
tents formed at higher pressures than rim parts with higher Ti contents. The oscillatory zoning of these 
pyroxenes can reflect changing conditions in the melt. The core corresponding to Cr-augite was found in one 
of the samples. Thi s Cr-augite can represent fragments of the upper mantle wall rocks which were caught by 
ascending basaltic magma. The green cores of type I. (ferrian aluminian diopsides and augites) originated in a 
melt or they come from the vein fillings in the upper mantle. Their origin from the magma melt cou ld be sug
gested from the zoning and subhedral shape of some cores. Mg-number and variability of the chemical com
position of these cores can reflect more differentiated magmas with a variable degree of differentiation. Their 
origin as fillings of the upper mantle vein systems could be suggested by the cores with shapes resembling 
fragments. The higher Alv1/Aľv ratios comparable with those of clinopyroxene mantles suggest crystallization 
of these cores at relatively high pressure. Strongly resorbed cores of type II. (Fe-rich diopsides and augites) 
are probably xenocrysts which come from the upper mantle metasomatized by rising melts and fluids. lt is 
also possible that some cores of this type originated in more differentiated magma (e. g. zoned subhedral 
core). Studied clinopyroxenes show the complexity of processes which accompany alkaline basalt magma 
evolution and its interaction with the subcontinental mantle. 

Key words: alkaline basalts, zoned clinopyroxenes 

Introduction 

Alkaline basalts are an important source of the informa
tion ábout the upper mantle but also about lower parts of 
the Earth's crust. These information we can obtain, when 
we study these rocks, because they originate by partia! 
melting of the upper mantle materials and because of their 
rapid rise from the asthenospheric depths they are little con
taminated or almosL not contaminated by the crustal mate
rial. They contain xenoliths which represent fragments of 
wall rock material taken to the surface by the magma. 

Pyroxenes, the common minerals in basalts, are the 
worthy source of information about the evolution of alka
line basalt magma to their ascent up to the surface, about 
its interaction with mantle, respectively crustal wall rock 
material and the other magmatic melts . Their wide com
positional variability is influenced not only by the compo
sition of the material (magma) which they originated 
from, but also by P, T conditions of their origin . 

Clinopyroxenes in Miocene-Quatemary alkaline ba
salts from the Western Carpathians were more detaily 

studied only in one of two regions of alkaline basalt oc
currence, in Novohrad (Nógrád) region , which lies at the 
boundary between Slovakia and Hungary (Dobosi, 1989; 
Dobosi and Fedor, 1992; Dobosi and Jenner, 1999). The 
aim of this work is the simi lar study in the second area, 
Centra! Slovak volcanic field, more exactly at the locality 
Banská Štiavnica - Kalvária. 

Geology 

The locality Banská Štiavnica - Kalvária (Fig. 1) is 
one of the several occurences of alkaline basalts in the 
Štiavnické vrchy Mts. area. It represents the lava neck 
formed by nepheline basanite in the surrounding of am
phibole-biotite andesite. This neck represented conduit of 
probably smaller explosive-effusive volcano which was 
succesively eroded (Konečný et al., 1998). 

Radiometric age of basanite 7.29 ± 0.41 Ma (Balogh 
et al., 1981) corresponds to the Upper Miocene (Pontian) 
and to the oldest stage of alkaline volcanic activity in the 
inner side of the Western Carpathians. 

Geological Survey o/Slovak Republic, Dionýz Štúr Publisher, Bratislava 2003 ISSN 1335-96X 
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Petrography and mineralogy 

o 2 

The basanite from Banská Štiavnica, the loca lity Kal
vária, forms more petrographic types. It has porphyric 
holocystalline, more rarely hemicrystalline texture with 
omnidirectional, ophitic or trachytic groundmass (Fíg. 2). 
Phenocrysts are represented by olivine, clinopyroxene 
and plagioclase. The matrix consists of these minerals, 
Ti-magnetite, nepheline, apalite and respectively, of 
glass (Šímová, 1965). 

Olivines are euhedral to anhedral ; phenocrysts often 
have large size (also some mm). They are also present in 
the groundmass. Starting alteration (e. g. iddingsitiza
tion) follows cracks. Olivines contain inclusions of Cr
spinel. They are often zoned, the zonation is visib le also 
optically. Their composition is approximately Fo80.88 

(centra! parts) and Fo73•77 (rims). According this compo
sition, these olivines are phenocrysts which have crystal
lized from basalt magma. 

Fíg. 2 A/kaline basalt from Banská Štiavnica - Kalvária. 
Pla11e-polarized light. magnification 27x. 
01 - o/ivine, Cpx - clinopyroxene, Pl - plagioclase 

N 

t 

3km 

Slo vak Geol. Mag., 9, 4 (2003), 217- 232 

Fig. I Two occurrences of a/ka
line basalt ( Kalvária and Kysi
hýbel) 11ear Banská Štiavnica 
city 

Clinopyroxenes form euhedral to anhed ral pheno
crysts and groundmass grains. Phenocrysts are relatively 
often rounded and embayed. Clinopyroxenes are typi
cally zoned (core, mantle and rim zone, concentric, sec
tor and oscillatory zoning). 

Plagioclases form tables and laths, predominantly in 
the groundmass. They are omnidirectional, ophitic or 
fluida!. They are characteristically twinned. Phenocrysts 
are generally non-zoned or weakly zoned with composi
tion An74.84 (Balogh et al. , 1981 ). Analyzed plagioclase 
xenocryst probably of the crustal origin has the inner part 
of An43 composition. lL is rimmed by the another plagio
clase with An69. 

lnner parts of some clinopyroxene crystals are to the 
various scale replaced by secondary carbonates (photo 
3, 4, 5, 7) . Secondary carbonates with zeo lites also fill 
interstices in the rock. 

Geochemistry 

Geochemistry of basanite from Kalvária together with 
the another alkaline basalts from the Centra! and South
em Slovakia was described by Miháliková and Šímova 
( 1989), more recently by Ivan and Hovorka (1993). Ac
cording Ivan and Hovorka ( 1993) this rock belongs to 
alkaline withinplate basalts with their characteristics fea
tures : LILE and HFSE enrichment and differentiated en
richment LREE/HREE. 

lf we compare this basanite with most of the Miocene 
to Pleistocene Western Carpathian alkaline basalts, thi s 
rock as a product of the oldest eruption phase has mildly 
lowered Lota! abundances of REE and some other incom
patible elements such as Th, Zr, Ta. 

Analytical techniqes 

Pyroxenes were analyzed at Cameca SX-100 electron 
microprobe at Geological Survey of Slovak Republic, Bra
tislava. An accelerating potential of 15 kV, current 20 nA. 
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200 nrrn Plone-poloilzed llght 18 

Phototables: Z,oned clinopyroxenes from allwline basalt, Banská Štiavnica, Kalvária. 
Abbreviations: CC - carbonate, Pl - plagioclase 

Standards used for elements: Si, Ca - wollastonite, Al -
A!iO3, Ti - TiO2, Fe - hematite, Mg - MgO, Mn - Mn, rho
donite, Na - albite, K - ortoclase, Cr - chromite. 

Clinopyroxenes are recalculated to 6 oxygens and 4 
cations. Fe>+ was calculated by charge balance. An analysis 
was recalculated to 4 cations exactly and Fe3

+ was calcu
lated as difference between 12 and total charge of cations. 

Characteristics of zoned clinopyroxenes from Banská 
Štiavnica 

The basanite from Banská Štiavnica - Kalvária com
prises some types of zoned clinopyroxenes which differ in 
size, optical properties and chemical composition. lndivi
dual color hues of pyroxenes described below were ob
served in optical microscope at plane polarized light. 

There are two basic types of the zonation in the stud
ied rocks: continuous and di scontinuous. Continuously 
zaned crystal comprises only one type of pyroxene 
which can have various hues of sandy and brown color. 
This type of zonation is typical for the most of pyrox-

enes. Discontinuously zoned crystal comprises two dif
ferent types of pyroxenes which al so differ in the color 
(some pyroxenes mentioned above which contain green 
cores). 

Pyroxenes also have concentric, oscillatory, sector and 
non-regular (individual zones have non-regular shape) 
zoning. 

In the clinopyroxene phenocrysts we can recognize 
three typical zones: ( 1) centra[ core or centra[ part oj 
phenocryst, (2) mantle and (3) rim. The rim is narrow or 
is not present in some cases. 

Pyroxenes with various hues oj brown and sandy color 

The most common types of pyroxenes in studied rocks 
are those of various hues of brown and sandy calor in all 
parts of a crystal (photo 2, 3, 4). Color hue is determined 
by the concentration of Ti in an individual part of crystal. 
The higher is Ti content, the deeper is the color. Sandy 
color is more typical for the inner parts of clinopyroxenes, 
deep brown for their rims. 
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Zoning is a typical feature of these pyroxenes. There 
are some types of zonation: oscillatory, concentric, sector, 
non-regular. The optical zonation is of two kinds. Simply 
zaned crystal has inner part of sandy color and deep 
brown rim of various thickness. Deep brown clinopyro
xenes in some samples can be added to this group. More 
color hues in a single phenocryst are typical for more 
complicated zonation, e. g. pyroxenes with brownish 
core, complex-zoned pyroxenes (photo 3, 4, 15). 

The pyroxenes of this group are relatively often 
rounded and embayed. lnclusions of Ti-magnetite are 
concentrated to the rim parts of phenocrysts and to deeper 
brown pyroxenes. 

Green clinopyroxene cores 

Some clinopyroxenes in the studied alkaline basalt 
contain green cores which are rimmed by mantle and rim 
of sandy and/or deep brown color. We can recognize two 
types of these green cores: 

Type l. represent relatively wide group of pleochroic 
or weakly pleochroic cores with green - brown pleochro
ism. These two colors have various hues (photo 1, 5, 7, 
11, 12, 13, 16, 17, 18, 20). These cores are mostly an
hedral. They have variable optical intensity observed at 
plane polarized light. There are cores which are not very 
distinctive from mantling pyroxene to intense cores. The 
boundary between the core and the mantle can be sharp or 
more diffuse. They are unzoned or they have non-regular 
zoning at crossed polars. The shape of some cores re
sembles fragments . They are often rounded and embayed, 
what indicates resorption prior to the mantle over
growth.These cores practically do not contain inclusions. 
lf they do, these inclusions extend also to mantling py
roxene. 

Type II. represents non-pleochroic, weakly pleo
chroic to pleochroic cores of light pale green calor 
(photo 6, 9, 10, 14). These cores are mostly anhedral, 
rarely subhedral. They are mostly non-zoned at crossed 
polars. They contain tiny inclusions; in some cases in
clusions rim this core what can suggest a resorption. 
Resorption can be reflected also by rounded and em
bayed shapes of cores. 

Some clinopyroxenes with composite core were 
identified in studied samples - one core is rimmed by 
the another core, but there are cores of only one type in 
a single crystal (either the core of type 1. - photo I 7, or 
the core of type II. - photo 6) . The composite cores are 
described also by Dobosi and Fodor (1992) in No
vohrad region. 

Chemical composition of clinopyroxenes 

Analyses of studied clinopyroxenes are li sted in Tab. 1. 
Clinopyroxenes were classified in quadrilateral En-Fs

Wo diagram (the 1. M. A. classification, Morimoto et al., 
J 988, fig. 3). According this diagram al most all studied 
clinopyroxenes are diopsides. But it must be mentioned 
that these pyroxenes, besides cores of type II., contain 
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substantial amounts of non-quadrilateral components 
(mostly Al, less Na, Fe3

+, Ti) and extensive substitution of 
these components probably raises values of Wo member 
(Bédard et al., 1988). 

Higher contents of titanium (0,66 - 5,12 % TiO2) are 
typical for sandy and deep brown parts of clinopyroxenes. 
This type of pyroxene is described as titanaugite (e . g. 
Duda and Schmincke, 1985; Do bosi, 1989); in this work 
they wi ll be named Ti-augites and Ti-diopsides (accord
ing classification). Parts of pyroxenes with more than "' 
3,7 % TiO2 can be according LM.A. classification named 
as titanian diopsides. 

One core with relatively high Mg number (Mg# = 0,86) 
and Cr2O3 = 0,91 % can be termed chromian augite. 

Green cores of type I. correspond on the basis of simi
lar optical properties and chemical composition to fas
saites and fassaitic augites (napr. Duda and Schmincke, 
1985; Dobosi, 1989). Dobosi and Fodor (1992) named 
these clinopyroxenes ferrous aluminious titaniferous 
diopsides. They are characteristically enriched in Al (2,63 
- 10,20 % Al2O3) and Fe3

+ so they can be according 
LM .A. nomenclature named ferrian aluminian augites 
and diopsides. 

Green cores of type II. were described as salites and 
ferrosalites (Dobosi, 1989). They probably correspond 
also to acmitic augites in the work of Duda and 
Schmincke (1985). According LM.A. nomenclature we 
can name them Fe -rich diopsides and augites (c.f. Dobosi 
- Fodor, 1992). 

We studied the compositional variability of zoned 
clinopyroxenes from the studied rock at variation dia
grams. We compared contents of choosen elements in 
indivídua! parts of pyroxene phenocrysts, i.e. in the core, 
mantle and rim. The trends of the compositional change 
in these parts of phenocrysts were also studied. The re
sults were compared with the data from analogical 
phenocrysts in alka line basalts from two regions: ovo
hrad (Dobosi, 1989; Dobosi and Fodor, 1992) and Eifel 
(Germany, Duda and Schmincke, 1985). Si, Al, Ti and Na 
contents and Mg/Fe ratios are the most variable. 

Diagram Si vs. Al (fig. 4) shows two relatively linear 
trends. One is formed by the green cores, inner parts and 
mantles and the second by the rims of pyroxenes. Both of 
the trends have negatíve slope - decreasing Si contents at 
increasing Al contents. 

This diagram also informs us about filling of Si defi
ciency in tetrahedral coordination by Al (Al1v). A devia
tion from line Si+Al=2 corresponds to the amount of Al 
in regu lar octahedral coordination (Alv1

) . The lower is Si 
content the higher is this amount. Ríms and green cores of 
type II. have lower Alv1 than another parts of clinopyrox
enes. 

Diagram Mg/(Mg+Fe2\-um; Mg#) vs. Fe3+ (Fíg. 5) 
shows variability in Mg and Fe contents in the indivídua! 
parts of pyroxene phenocrysts. Parts of pyroxenes of sandy 
and deep brown calor are richer in Mg than green cores. 

Iron was analyzed as Fe2
+. Fe3

+ was calculated by 
charge balance. The green cores of type I. have the high
est Fe3

+. Ti-augites and Ti-diopsides have a trend of Fe3
+ 



Table J of zoned clinopyroxenesfrom a/kaline basa{/, Banská Štiavnica 

NV-BSS 11 1 2 13 l 4 1 5 1 6 1 7 

SiO~ 47.94 46.08 47 .36 44.17 49.54 45.08 43.97 

Ti01 1.1 2 2.23 2. 13 4.52 1.42 3.1 4 4.90 

Al10 3 5.25 8.25 7.28 8.02 6.02 9.30 8.35 

FeO 12.48 8.73 6.24 8.24 6.49 6.75 8.28 

MnO 0.53 0.35 0.06 0.18 0. 13 0.08 0.18 

MgO 9.73 12.64 14.01 11.96 14.76 12.66 11.56 

CaO 2 1. 89 21.27 22.30 22.43 20.77 22. 11 22.42 

Na~O 0.98 0.69 0.57 0.57 0.6 1 0.59 0.70 

K20 0.00 0.00 o.oa 0.0 1 o.oa 0.00 0.02 

Cr203 0.01 0.00 0.35 0.00 0.09 0.08 0.00 

Sum 99.93 100.24 100.30 L00. 10 99.83 99.79 100.38 

Si l .836 1.728 1.756 1.669 1.831 1.688 1.658 

Al 0.237 0.365 0.318 0.357 0.262 0.4 10 0.371 

Ti 0.032 0.063 0.059 0.128 0.039 0.089 0.139 

Fe:2\um 0.400 0.274 0.194 0.26 1 0.20 1 0.211 0.261 

Mn 0.017 0.01 l 0.002 0.006 0.004 0.003 0.006 

Mo 
"' 

0.556 0.707 0.775 0.674 0.813 0.706 0.650 

Ca 0.898 0.855 0.886 0.908 0.822 0.887 0.906 

Na 0.072 0.050 0.041 0.04 1 0.044 0.043 O.OSI 

K O.OOO O.OOO O.OOO O.OOO O.OOO 0.001 O.OOO 

Cr O.OOO O.OOO O.OOO O.OOO 0.003 0.002 O.OOO 

Sum cat. 4.048 4.053 4.041 4.044 4.019 4.039 4.043 

Fe3+ 0.145 0. 154 0.1 23 0.133 0.058 0.115 0.129 

Mg# 0.582 0.72 1 0.800 0.721 0.802 0.770 0.7 14 

WO 48.436 46.569 47 .763 49.267 44.77 1 49.169 49.862 

EN 29.989 38.508 41 .779 36.57 1 44.28 1 39. 135 35.773 

FS 2 1.575 14.924 10.458 14. 162 10.948 11 .696 14.364 

lb 8 lb 9 lb 10 lb 11 lb 12 

51.44 5 1.22 42.98 44.03 44 ,69 

0.36 0.38 4.78 2.7 1 3. 16 

1.72 1.68 9.34 10.20 10.53 

13.02 12.71 8.16 9.02 6.85 

0.76 0.78 O.IO 0.15 0.06 

10.37 10.68 11.1 8 10.40 12.43 

21.84 22.06 22.37 22. 11 2 1.62 

0.92 0.88 0.67 0.88 0.70 

0.00 o.oa 0.00 0.00 0.00 

0.00 0.00 0.00 0.03 0.02 

100.43 100.39 99.58 99.53 100.06 

1.957 1.949 1.633 1.673 1.666 

0.077 0.075 0.419 0.457 0.463 

0.010 O.OJ 1 0.137 0.077 0.089 

0.414 0.405 0.259 0.287 0.214 

0.025 0.025 0.003 0.005 0.002 

0.588 0.606 0.634 0.589 0.691 

0.890 0.899 0.9 11 0.900 0.864 

0.068 0.065 0.049 0.065 0.051 

O.OOO O.OOO O.OOO O.OOO O.OOO 

O.OOO O.OOO O.OOO 0.001 0.001 

4.029 4.035 4.045 4.054 4.041 

0.085 0.104 0.133 0.159 0. 11 7 

0.587 0.599 0.710 0.672 0.764 

47.040 47.068 50.499 50.676 48.84 1 

31.078 31.728 35. 144 33.164 39.062 

2 1.882 2 1.204 14.357 16. 160 12.097 

lb 13 314 

48.65 52.33 

1.89 0.66 

6.35 3.68 

6.12 5.0 1 

0.12 O.IO 

14.49 17.57 

21.75 20.22 

0.51 0.55 

0.00 0.00 

0.21 0.30 

100.09 100.42 

l.799 1.90 1 

0.277 0.158 

0.053 0.018 

0.189 0.152 

0.004 0.003 

0.799 0.95 1 

0.862 0.787 

0.037 0.039 

O.OOO O.OOO 

0.006 0.009 

4.026 4.018 

0.076 0.052 

0.809 0.862 

46.595 4 1.640 

43. 189 50.317 

10.2 16 8.042 

3 15 

45.43 

2.78 

9.65 

5.95 

O.IO 

12.85 

22.02 

0.72 

0.00 

0.25 

99.75 

1.694 

0.424 

0.078 

0.186 

0.003 

0.714 

0.880 

0.052 

O.OOO 

0.008 

4.039 

0.11 4 

0.793 

49.438 

40. 11 2 

10.449 

3 16 

43.34 

4.56 

9.2 1 

7.36 

0.09 

11 .3 1 

22.86 

0.7 1 

0.00 

0.06 

99.50 

1.644 

0.41 2 

0.130 

0.234 

0.003 

0.640 

0.929 

0.053 

O.OOO 

0.002 

4.047 

0.136 

0.732 

51 .525 

35.496 

12.978 
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NV -BS 3 17 3 18 3 19 3 20 3 2 1 3 22 3 23 
SiO2 51 .01 49 .98 5 1.02 46.80 44.85 46.99 47.05 

TiO2 0.17 1.29 0.16 3.71 2.58 2.26 3.43 

Al2O3 1.07 2.63 1.10 6.45 9.74 7.63 5.79 
FeO 17.00 11 .69 17.24 7.22 8.76 6.08 7. 10 
MnO 1.11 0.54 1.29 0.11 0.18 O.IO 0.15 
MgO 9.25 11.78 9.28 13.02 11 .38 13.43 13.04 

CaO 19.99 21.90 19.65 22.65 21.52 22. 10 22.81 
Na2O 0.56 0.48 0.61 0.57 0.93 0.57 0.62 
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cr~O3 0.00 0.03 0.00 0.08 0.00 0.34 0.03 
Sum 100.16 100.32 100.35 100.61 99.94 99.50 L00.02 

Si 1.974 1.894 1.972 1.744 1.690 1.754 1.764 
Al 0.049 0.117 0.050 0.283 0.433 0.336 0.256 
Ti 0.005 0.037 0.005 0.104 0.073 0.064 0.097 

Fe
2\um 0.550 0.370 0.557 0.225 0.276 0.190 0.223 

Mn 0.037 0.017 0.042 0.003 0.006 0.003 0.005 
Mg 0.533 0.666 0.535 0.723 0.640 0.748 0.729 
Ca 0.829 0.889 0.814 0.904 0.869 0.884 0.916 
Na 0.042 0.035 0.046 0.04 1 0.068 0.041 0.045 
K O.OOO O.OOO O.OOO O.OOO O.OOO O.OOO O.OOO 
Cr O.OOO 0.001 O.OOO 0.002 O.OOO 0.010 0.001 

Sum cat. 4.019 4.026 4.02 1 4.029 4 .055 4 .030 4.036 

Fe3
• 0.054 0.080 0.063 0.088 0.162 0.088 0.101 

Mg# 0.492 0.643 0.490 0.763 0.699 0.797 0.766 

WO 43.358 46. 182 42 .707 48.812 48.683 48.5 18 49.036 
EN 27.877 34.597 28.069 39.039 35.854 4 1.054 39.026 
FS 28.766 19.22 1 29.224 12. 149 15.462 10.428 11.938 

424 4 25 4 26 4 27 4 28 

45.57 48 .52 47.48 51.07 43.22 

2.23 1.83 2.17 0.26 3.9 1 
9.66 6.85 7.77 1.49 10.34 

8.21 5.72 6.28 13.54 6.99 

0.22 0.10 0.12 0.82 0.15 

11 .28 14.25 13.76 11.04 11.60 

2 1.85 21.75 21.82 20.2 1 22.20 

0.86 0.54 0.54 0.65 0.56 

0.00 0.00 0.00 O.DO 0.00 
0.33 0.30 0.24 0.00 0.25 

100.21 99.86 L00.18 99.08 99.22 

1.708 1.795 1.758 1.965 1.636 

0.427 0.299 0.339 0.067 0.461 

0.063 0.051 0.06 1 0.008 0. 111 

0 .258 0.177 0. 195 0.436 0.22 1 

0.007 0.003 0.004 0.027 0.005 

0.630 0.786 0.760 0.633 0.655 

0.877 0.862 0.866 0.833 0.901 

0.062 0.039 0.039 0.048 0.041 

O.OOO O.OOO O.OOO O.OOO O.OOO 
0.010 0.009 0.007 O.OOO 0.008 

4.042 4.021 4.029 4.0 17 4.039 

0. 124 0.060 0.083 0.052 0. 11 6 

0.709 0.816 0.796 0.592 0.748 

49.688 47.233 47.556 43.796 50.703 

35.694 43.068 41.735 33.28 1 36.860 
14.6 18 9.699 10.708 22.923 12.437 

4 29 4 30 

47 .60 45.05 

2.09 2.90 

7.34 9 .36 

6.30 7.95 

0.14 0.13 

13.54 12. 17 

2 1.93 20.98 

0.62 0.77 

0.01 0.00 

0.28 0.00 

99.85 99.31 

1.770 1.699 

0.322 0.4 16 

0.058 0.082 

0.196 0.25 1 

0.005 0.004 

0.75 1 0.684 

0.874 0.848 

0.045 0.056 

O.OOO O.OOO 
0.008 O.OOO 
4.029 4.040 

0.087 0.117 

0.793 0.732 

47.996 47.560 

41.241 38.362 

10.763 14.077 

4 3l 

48.18 

1.81 

6.60 

6.06 

0.12 

12. 17 

21.94 

0.54 

0.00 

0.36 

99.78 

1.790 

0.289 

0.051 

0.188 

0.004 

0.785 

0.873 

0.039 

O.OOO 

0.011 

4.030 

0.086 

0.807 

47.291 

42.524 

10.184 

4 32 

48.08 

2.50 

5.22 

5.22 

0.14 

13.54 

22.58 

0.94 

0.00 

0.02 

99.80 

1.800 

0.23 1 

0.071 

0.212 

0.005 

0.756 

0.906 

0.069 

O.OOO 

0.001 

4.051 

0.144 

0.78 1 

48.346 

40.342 

1 1.3 13 
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NV-8S 4 33 4 34 4 35 4 36 7 37 7 38 7 39 

Si02 44.76 46.54 / 49.14 42.83 48 .87 46.05 48.45 

TiO2 3.41 2.03 ' 1.65 4.80 1.04 1.97 1.31 

Al2O3 8.04 8.46 6.34 10.3 1 3.93 6.43 4.48 

FeO 7.76 7.98 5.53 7.78 13.- 89 14.55 12.4 1 

MnO 0.12 0.17 0.13 0.16 0.65 0.53 0.56 

MgO 12.10 11.98 14.69 11 .22 9. 16 7.90 9.91 

CaO 22.52 21.96 21.96 22.34 22.02 2 1.69 22.04 

Na20 0.69 0.84 0.46 0.70 0.93 1.l4 1.03 

K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cr2O3 0.00 0.47 0.42 0.00 0.00 0.00 0.01 

Sum 99.40 100.43 100.32 100. 17 100.49 100.26 100.20 

Si 1.697 1.738 1.808 1.615 l.873 1.781 1.851 

Al 0.359 0.372 0.275 0.458 0. 178 0.293 0.202 

Ti 0.097 0.057 0.046 0.136 0.030 0.057 0.038 
Fe1+sum 0.246 0.249 0.170 0.245 0.445 0.471 0.397 

Mn 0.004 0.005 0.004 0.005 0.02 1 0.017 0.0 18 

Mg 0.684 0.667 0.806 0.63 1 0.523 0.455 0.564 

Ca 0.915 0.879 0.866 0.903 0.904 0.899 0.902 

Na 0.051 0.061 0.033 0.05 1 0.070 0.086 0.076 

K O.OOO O.OOO O.OOO O.OOO O.OOO O.OOO O.OOO 
Cr O.OOO 0.014 0.012 0.001 O.OOO O.OOO O.OOO 

Sum. cat. 4.053 4.042 4.020 4.045 4.044 4.059 4.048 

Fe3+ 0.155 0.126 0.133 0.133 0. 129 0.173 0.142 

Mg# 0.735 0.728 0.720 0.720 0.540 0.491 0.587 

WO 49.593 48.969 50.759 50.759 48.29 1 49.260 48.417 
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Cr-augite 
green core of type 1 
green core of type II 

Fíg. 3.Clinopyroxene classification. The parr of clinopyroxene quadrilateral diagram shows rhe composition of various parts of 
clinopyroxenes from Banská Štiavnica. 
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enrichment towards the ríms which are typically enriched in 
Ti . Green cores of type II. have lower Fe3

+ contents than the 
cores of type I.. Fe3

+ can be bounded in the molecule of 
esseneite ( F e-Al-tschermakite) CaF e3

+ AlSiO6 , respecti vel y 
aegirine NaFe3+Si2O6 . 

Relations between Al and T i contents in the individual 
parts and types of clinopyroxenes are evident from dia
gram Al vs. Ti (fíg. 6) . Ti can be bounded in Ti
tschermakite CaTiA/2O6 molecule. Ti :Al ratio in Ti
tschermakite has value 1 :2. AII studied types of clinopy
roxenes have this ratio lower than 1 :2 (predominance of 
Al). This fact suggests the presence of the another pyro
xene molecules which can bound Al: esseneite mentioned 
above and/or mainly Ca-tschermakite CaALAlSiO6' re
spectively jadeite NaALSi2Of„ 

Green cores of type II. have the highest Al/Ti ratio but 
the lowest Al and Ti contents of all studied pyroxenes. Al 
predominance over Ti is more expressive in the green 
cores of type 1. and in the inner parts of phenocrysts (be
sides green cores) with Ti/ Al ratio I :4 to 1 :8. The ríms 
are richer in Ti (Ti/Al from I :2 to 1 :4). 

Similar Al and Ti distribution, a lthough more variable, 
can be seen in clinopyroxenes from Novohrad and Eifel 
(Duda and Schmincke, 1985; Dobosi , 1989). 

Variation in Aľv and Alv1 has connection with clino
pyroxene genesis. Diagram Aľv vs. Alv1 (Aoki and Ku
shiro, 1968; fig. 7) separed individual types of pyroxenes. 
Projection points of pyroxene ríms are concentrated in the 
jield of igneous rocks. Points of the other parts of 
phenocrysts are projected to the field of granulites and 
inclusions in basalts with corresponding higher Alv 1/Aľv 
ratio. Green cores of type II. form indivídua) group in this 
field (low Aľv a Alv1

) . 

Diagram Mg/(Mg+Fe2\um) vs. Ti (fig. 8) demonstra
tes differences in the Ti contents in the dependance of Mg 
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umber. Ti-augites and Ti-diopsides show relatively 
steep increase of Ti content with decrease of Mg num
ber (increase of Fe at the expense of Mg). This phe
nomenon is typical for clinopyroxene fractionation from 
mafie alkaline melts (e . g. Tracy and Robinson, 1977). 
Analogical relations were observed also in the case of 
titanaugites from Novohrad and Eifel (Dobosi, 1989; 
Duda and Schmincke, 1985). The diagram also shows 
that Ti is concentrated predominantly to the rim parts of 
phenocrysts. 

The green cores of type I. form in the diagram two 
separate groups. The first (close to the trend of Ti-augites 
and Ti-diopsides has higher Mg number and Ti contents . 
It is placed in the field of fassaitic augites from Eifel 
(Duda and Schmincke, 1985) and titanaugi tes from No
vohrad (Dobosi, J 989). The second group has lower Mg 
number and Ti contents and it is situated out of fields 

Salítes, ferrosalítes 

· · · · •· •· ·· · ·· · Novohrad 

0,6 

formed by fassaites and fassaitic augites from Novohrad 
and Eifel. The green cores of type II. has low values for 
both of the components comparable with those of salites 
and ferrosalites in alkaline basalt from Novohrad region 
(Dobosi, l 989). 

The Na contents demonstrated in Mg/(Mg+Fe2-+sum) 
vs. Na (fig. 9) diagram do not show considerable varia
tions among individual parts of clinopyroxenes. But one 
can see higher Na contents of the green cores of type I. 
than Na contents of Ti-augites and Ti-diopsides. Na could 
by bounded in the molecule of aegirine NaFe3+Si2O6 and 
jadeite NaALSi2Or,-

Discussion 

The compositional variability of clinopyroxene phe
nocrysts in alkaline basalts is generally influenced by two 
factors: ( 1) the composition of a parental magma (ma
terial which individual types of clinopyroxenes have 
crystallized from and (2) P, T conditions of their crys
tallization. 

Ti-augites and Ti-diopsúles 

Mantles and cores of these composition are consi
dered to have been formed in the magma (e.g. Duda and 
Schmincke, 1985). This is retlected by frequent zonality 
of thi s parts of the studied clinopyroxenes. 

The interpretation of a cause of concentric or osc il
latory zoning in a mantle of pyroxenes is still not clear. 
According Shimizu ( J 990) it is probably connected with 
altemation of periods of growing, stagnation and dilution , 
which can reflect changes in melt bulk composition, tem
perature, pressure and/or redox state. 

The origin from magma can be suggested also for cen
tra( parts of phenocrysts which have not pronounced 
shape of core. 
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Chemical composition of Ti-augites and Ti-diopsides 
gives us special infonnation about conditions of their ori
gin. The general trend shown in the direction pyroxene 
mantle - rím is Mg depletion, Ti enrichment and decrease in 
Al/fi and Alv1/AI1v ratios (fig. 6, 7, 8). The decrease of 
Mg# towards pyroxene ríms (e. g. fig. 8) can reflect a crys
tallization of the rim parts from more differentiated melt. 
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Fig. 8. Mgl(Mg + Fe2• ,um) vs. Ti variation diagram. Symbols 
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Changes in Ti composition cause color changes. The 
higher Ti content, usually the dceper brown color of py
roxene. It is considered that Ti contents are sensitive to 
pressure changes at pyroxene ťorming. Although the ex
perimental data are to the some ex tent contradictory (Yagi 
and Onuma, 1967; Thompson, 1974; Edgar et al., 1980), 
one can assume that Ti contents increase with decreasing 
pressure. This can be confirmed by the fact that Ti is con
centrated to the rim parts of clinopyroxene phenocrysts 
and groundmass clinopyroxenes, which formed later than 
inner parts of phenocrysts, at tlie higher levels of the crust 
or on the surface (c. f. Duda a11d Schmincke, 1985; Do
bosi and Fodor, 1992; fíg . 6 a 8). 
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Continuous trends in Ti and Fe contents in Ti-augites 
and Ti-diopsides (especially their mantles and ríms) in 
presented diagrams demonstrate they had the same pa
rental magma which had rised to the surface (c.f. Duda 
and Schmincke, 1985). 

Al contents can similarly suggest the origin of the py
roxene rims at lower pressures than their inner parts. Dia
gram Al1v vs. Alv1 (fíg. 7) shows that the rims are pro
jected in the field of low pressure magmatic clinopyro
xenes (lower Alv1/A11v ratio) while the inner parts are 
projected to the higher pressure field of granulites and 
inclusions in basalts. 

The higher Ti/Al ratios of pyroxene ríms (fíg. 6) also 
indicate the origin at lower pressures (c.f. Dobosi and 
Fodor, 1992). 

The calculations of Duda and Schmincke ( 1985) for 
titanaugite phenocryst mantle yielded temperatures of 
l 050 °C - 1140 °C and pressures 5-1 O k bar. Thus, accord
ing these authors, this pyroxene zone appears to have 
crystallized at depths corresponding to the lower crust 
down to the crust/mantle boundary. Dobosi and Fodor 
(1992) have mentioned that clinopyroxene rirns have for
med at low pressure conditions, e. g. crystallization at 
shallow levels or at the surface after eruption. 

A special problem is represented by the brown clino
pyroxene cores present in some phenocrysts. Their com
position (higher Ti content, lower Mg# and usually also 
higher Na) suggests crystallisation from more differen
tiated magma at probably higher pressure than the sub
sequent crystallisation of the mantling pyroxene. These 
cores can be connected with crystallization of gabbroic 
rocks in the uppermost mantle, respectively at the man
tle/crust boundary. Xenoliths of this type with pyroxene 
of analogic composition were found in alkaline basalts (e . 
g. Colville and Novak, 1991; McGuire and Mukasa, 
1997). The mantle of these brown cores which crystal
lized from less differentiated magma probably indicates 
entrapment of these cores by the injection of new, more 
primitive magma batch. 

Cr-augite 

Cr-augite core was found in the phenocryst in the 
sample NV-BS-7. It has anhedral shape and it is man
tled by Ti-diopside. Wass (1979) and Duda and 
Schmincke ( 1985) interpr~ted cores of Cr-diopside 
composition as xenocrysts representing fragments of the 
upper mantle peridotite xenoliths. These xenocrysts 
served as nucleation sites for subsequent clinopyroxene 
crystallization (Dobosi, 1989). One can suggest that Cr
augites represent fragments of the upper mantle wall
rocks, which were trapped by rising basalt magma. 

Green cores oj phenocrysts 

The green cores of studied phenocrysts are enriched in 
Fe and depleted in Mg if we compare them with mantling 
Ti-augites and Ti-diopsides. The cores of type I. have 
similar Al and Ti contents as inner parts of Ti-augite and 
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Ti-diopside composition, while the cores of type II. have 
the lowest concentrations of these elements from all of 
studied clinopyroxenes (fig. 6 and 8). The cores of type I. 
have the highest Na contents and the cores of type II. 
have the highest contents of Si (fig. 4 and 9). 

There were some views at the origin of the green cli
nopyroxene cores in alkaline basalts: 

/ . They are products oj high-pressure differentiation 
trend oj a/kaline basalt magmas. 

Wilkinson ( 1975) mentioned that green clinopyroxene 
megacrysts represent very probably the final fraction oj 
clinopyroxene megacryst crystallization. In thi s sense 
Wass (1979) presened that Fe-rich clinopyroxenes repre
sent an extension oj the high-pressure AL-augite series 
clinopyroxene trend. 

2. They are xenocrysts /rom more differentiated melt 
which was subsequently mixed with more primitive basic 
magma. 

The existence of mantle-derived differentiated melts 
has been well documented (e . g. Brooks and Printzlau, 
1978; Irving and Price, 1981; Dobosi and Fodor, 1992; 
Bodinier et al., 1996) and also the possibility of mixing 
between more differentiated and mafie melt in the upper 
mantle environment (Bédard et al., 1988). But there is 
also the possibility that differentiated melt could origi
nated by anatectic melting of crustal rocks (Philpotts, 
1976) or metasomatized lower-crust rocks (Morogan and 
Martin, 1985). 

Crystallization of Fe-rich clinopyroxenes and subse
quent magma mixing could take place in the crust 
(Thompson, 1977; Barton et al., 1982) or in the upper 
mantle (Brooks and Printzlau, 1978; Wass et al. , 1980). 

According to Brooks and Printzlau ( 1978) green py
roxene cores have formed from intermediate to .satie 
magmas. They suggest that more evolved melts, enriched 
in incompatible elements, probably originate by partia! 
melting of metasomatically enriched mantle. 

Duda and Schmincke ( 1985) suggest xenocrystic ori
gin for fassaitic augites present in the cores of clino
pyroxene phenocrysts . They are xenocrysts whích have 
formed /rom more differentíated magma. This magma 
must have been enriched in Fe and incompatible ele
ments, especially in phosphoros what is documented by 
inclusions of apatite in the cores. The cores formed in the 
depth of 15 -30 km, possibly at the base of the crust. 

Liotard et al. (1988) propose hígh-pressure differen
tiated mugearitic magma with characteristically high 
REE contents as a parental melt for acmite rich clinopy
roxenes. This magma already had contained phenocrysts 
and subsequently was mixed with more primitive basaltic 
magma. 

Dobosi and Fodor ( 1992) assume for the fassaitic 
cores the origin from more differentiated magma(.\') in the 
upper mantle magma chamber at high pressures. This 
magma chamber was periodically filled with more pri 
mitive melts. Because of mixing of more differenti ated 
melt which already had contained green cores with this 
more primitive magma, the green cores were mantled by 
the more mafie outer core or by the mantle. If the growing 

clinopyroxene was trapped by more batches of more 
primitive magma, the multiple-zoned crystal has origi
nated (e. g. inner core - outer core - mantle) . 

Pilet et al. (2002) note that green cores of clinopy
roxenes have crystallized from more evolved melts prob
ably oj phonolitic composition at middle to high pressures 
in the upper. mantle to the middle continental crust. 

3. They are xenocrysts /rom the upper mantle wall 
rock.s. 

Brooks and Printzlau ( 1978) do not exclude the op
portunity that some green cores cou ld be xenocrysts de
rived from the upper mantle wall rocks. These xenocrysts 
were caught by basaltic magma which was ri sing through 
the upper mantle. 

Barton and Bergen ( 1981 ) suggest the origin of green 
clinopyroxenes by the upper mantle xenolith disaggre
gation. These xenoliths reflect a local metasomatism or a 
crystallization from magmas of unknown composition 
during an earlier igneous event. 

Dobosi and Fodor ( 1992) suggest that Fe-rich diop
side cores come from the upper mantle wall rocks and 
they are products oj earlier event oj partia[ melting and 
magmafractionation than fassaitic augites. 

Ivan and Hovorka ( 1993) presented the opinion that 
green salitic and/or ferrosalitic cores could have been the 
products oj the upper mantle peridotite metasomatíc en
richment by rising melts and fluids. 

The next view of Ivan and Hovorka (1993) has a spe
cial place in thi s group of views. The fassaitic cores are 
probably products of metasomati sm which is the result of 
the interaction between basaltic melts migrating through a 
vein system in the mantle and neighbouring mantle peri 
dotite (Witt and Seck, 1989; McDonough and Frey, 1989; 
Bodinier, et al. , 1990). These cores probably represent di
saggregated veínfillíngs. 

Shaw and Eyzaguirre (2000) describe clinopyroxene 
megacryst s imilar to acmites in the work of Duda and 
Schmincke ( 1985) which was found in the rocks from 
Eifel , Germany. This megacryst was probably derived 
from the iron-rich cumulate in the upper mantle. 

The green cores oj type /. can be assumed to be xe
nocrysts. lt could be confirmed by the sharp optical and 
chemical boundary (higher Fe/Mg ratio) between the core 
and the mantle and the resorption (c. f. Duda and 
Shmincke, 1985). 

These cores are mostly of anhedral shape. They are 
often rounded and embayed, what indicate the resorption 
prior the mantle growing (a di sso lution of these cores in 
the melt) . This resorption could have been due to an in
corporation of these cores to hotter, pyroxene under
satured mafie melt (Bédard et al., 1988). 

The green cores of type 1. from Banská Štiavnica ba
sanite have not such optical intensity (intensity of the 
color) in many cases as have i. e. corresponding green 
cores from Novohrad region (fassaites and fassaitic 
augites, Dobosi, 1989). Brooks and Printzlau ( 1978) note 
that the intensi ty of green color is dependent at the eon
tent of acmite (aegirine) component NaFe3+Si20 6. Really, 
although Fe3+ values are comparable for both the regions, 
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Na contents in the green cores of type I. (0,48 - 1,14 % 
Na2O) are lower than those in fassaites from Novohrad 
region (0,97 - 1,54 % Na20). 

We can observe relatively wide variability in the com
position of the type I. cores at variation diagrams. This 
variability may be according Duda and Schmincke (1985) 
explained either as the influence of crystallization kinetics 
or, more likely, by every core crystallizing in a discrete 
magma batch of a certain degree of fractionation. Mg# of 
studied cores is lower than Mg# of pyroxene mantles of 
Ti -augite and Ti-diopside composition which rím these 
cores. This can suggest the growing from the more dif
ferentiated melt (cf. Duda and Schmincke, 1985; Dobosi 
and Fodor, 1992). 

Especially at the diagram Mg# vs. Ti (fíg. 8) we can 
see two groups of cores different in Mg, Fe and Ti con
tents: the fírst group with higher Mg# and Ti contents and 
the second one with lower Mg# and Ti contents. They do 
not create continuos Fe-differentiation trend as do fas
saitic cores in pyroxenes from Novohrad (Dobosi and 
Fodor, 1992). It is possible that taek of more chemical 
analyses precludes to create an continuous trend but the 
existence of two types of more differentiated magmas 
cannot be also excluded. Especially the cores with sub
hedral shapes and the complex-zoned core with variab le 
chemical composition could originate from more diffe
rentiated melt. The higher Alv 1/Aľv ratios (field of gra
nulites and inclusions in basalts, fíg. 7) , comparable with 
these ratios in clinopyroxene mantles suggest the crys
tallization at relati vely high pressure. 

Trace element investigation in megacrysts (Dobosi 
and Jenner, 1999) confírmed the origin of type I. green 
cores from al kaline basalt magma. Observed trace ele
ment relations and their correlation with changing Mg# 
can be explained by fractional crystallization of this mag
ma in the upper mantle with the production of a range of 
fractionated melts. The results of xenolith study at various 
loca lities showed that these melts had crystallized in the 
uppermost mantle as vei ns of Al-pyroxene gabbro or py
roxenite (Righter and Carmichael, 1993), which can con
tain amphibole (Colville and No vak, 1991 ). Mechanism 
of the fractionation is not obvious, it is very probably the 
reaction of rising magma with wall rock mantle peri
dotites, which en riches magma in Al, Ca and Fe (Yarfalvi 
et al., 1996). 

It is possible to assume an a lte rnatíve possibiliy of the 
origin of type 1. cores (e. g. some cores have the shape 
which resembles fragments). Ivan and Hovorka (1993) 
note that these cores probably come from fillings of the 
vei n system through which basalt magmas migrate in the 
upper mantle peridotite. The reaction of magma with car
bonates cannot be also excluded. These carbonates in 
peridotites can originate as a result of the mantle meta
somatism. Pyroxenes compositionally close to the green 
cores of type I. originate a lso at contacts of magma with 
dolomite carbonates (e. g . Shabynin et al., 1984; Bowman 
and Essene, 1984 ). Fragments of these green pyroxenes 
originate by desintegration of vein fillings by next batches 
of rising alkaline magma. They were consequently rím-
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med by a mantle which have crystallized from basaltic 
magma. 

Green core.l' oj type II. are of two kinds. The first of 
them is represented by anhedral, strongly resorbed cores. 
On the basis of their optical characteristics and similar 
chemical composition (Fe, Mg, Al , Ti) with salite, ferro
salite and acmite cores (Duda and Schmincke, 1985; Do
bosi, 1989), one can assume that they representfragments 
derived from the upper mantle wall rocks meta
somatically enriched by rising melts andjluids (e. g. Ivan 
and Hovorka, 1993). The composite core represent the 
second kind of core. It has an inner core with a fragmental 
shape at one of its edges. This inner core is mantled by 
zoned outer core of subhedral shape with partia! resorp
tion of edges. Compositionally it is not very different 
from the previous kind of cores although it is richer in Ti , 
Al and Na. It may originated in more dif.ferentiated mag
ma al higher pressures. The origin from more differen
tiated magma can be suggested from core Mg# appro
xi mately 0,6. The origin at higher pressures is supported 
by Alv1/Aľv ratios comparable with green cores of type I. 
and higher Na contents (Fíg. 7 and 9) . 

Unambigous origin of green cores of thi s type is noted 
also by Duda and Schmincke ( 1985). They are not sure 
whether acrnitic augites have originated in more evolved 
magma or they are the fragrnents of the upper mantle wall 
rocks. Space relations in the phenocrysts and strong re
sorption suggest they originated sooner than did fassaitic 
pyroxenes. Dobosi and Fodor ( 1992) suggest that these 
green cores present in the upper mantle wall rocks are 
products of earlier event of partia! melting and magma 
fractionation than fassaitic augites. 

Their low Mg# indicates the crystallization from 
strongly fractionated magma. But the REE pattem in a 
clinopyroxene megacryst si milar to ac mites from Eifel 
(Shaw and Eyzaguirre, 2000) is contradictory with the 
magma fractionation. This megacryst was probably deri
vated from iron rich cumulate in the upper mantle. 

There is also possi bility of the continuous trend from 
cores of type 1. to cores of type II.. This trend can be ob
served very well al the di agram Mg# vs. Ti (Fíg. 8) and it 
could reflect strong differentiation of magma. There are 
the cores of both types (type 1. and type II.) which may 
originate in magma. The question, whether such trend 
exists or both types of cores had different evolution, 
could be resolved by more ana lytical data, especially by 
trace e lement ana lyses. 

Conclusions 

The results of this study of zoned clinopyroxenes in 
alkaline basalt from Banská Štiavnica, locality Kalvária 
can be summarized as: 

- it can be assumed that their origin and evolution are 
si milar to the genesis of ana logical pyroxenes from the 
other areas (e. g. Novohrad and Eifel). 

- Ti-augites and Ti -diopsides come from alka line ba
salt magma, which does not reach high degree of differen
ti ation. The variabi lity in Ti and Al contents shows the 
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polybaric crystal lization. The mantles with lower Ti eon
tent originated at higher pressures as did rím parts of 
phenocrysts with higher Ti contents. 

- Cr-augites represent the fragments of the upper man
tle wall rocks which were caught by rising basalt magma. 

- The green cores of type I. originated in the melt or 
they represent disaggregated vein fillings in the upper 
mantle. Their magma origin can be assumed from zoning 
and subhedral shapes of some cores. The Mg# value and 
variabil ity of chemical composition of these cores suggest 
more differentiated magmas of variable degree of diffe
rentiation. There is also possibility that the cores of type 
1. can represent disaggregated vein fillings (especially 
those with fragmental shape) . Higher Alv1/AI 1v ratios 
comparable w ith those of clinopyroxene mantles retlect 
the crystallization at relatively high pressure. 

- Intensively resorbed cores of type II. are probably 
xenocrysts which originated in the upper mantle in
fluenced by metasomatic processes. It is possible that 
some cores originated in differentiated magma (e. g. 
zoned subhedral core). 

- There is a possibility of continuous trend from the 
cores of type I. to the cores of type JJ .. 

- Zoned clinopyroxenes in basanite from Banská 
Štiavnica - Kalvária are indicators of complex processes 
at alkaline magma evolution and its interaction with sub
continental mantle. They confirm inhomogeneity of this 
mantle, its probable veining and gradual evolution due to 
metasomatic processes, interaction of basaltic magma 
with wall rock peridotites and crystallization of part of 
basalt magma in the upper mantle or at the crustal-mantle 
boundary. AII these processes took place prior to basalt 
magma ri se to the surface. 
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Biostratigraphy and radiometric dating in the Vienna Basin Neogene 
(Slovak part) 
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The calcareous nannoplankton and foraminifers were 
studied in the lithostratigraphic formations of the Lower 
and Middle Miocene sediments of the Yienna Basin (Slo
vak part) as well the mollusscs, ostracodes and vertebrata 
species. 

The most useful tool for precise stratigraphy seems to 
be nannoplankton and planktonic foraminifers species. 
The study of the nannoplankton assemblages enables 
(unlike the traditional stratigraphy based on the benthic 
foraminifera l assemblages - assemblage Zones and ostra
cods zonation) to define the correlation tíme slices re
gard less of paleoenvironment and substratum. The rapidly 
reproduced calcareous nannoplankton can show the short
term marine ingressions and the marine corridors. The 
main results of this work are as follows: 

NN 2, NN3, NN4, NN5 and NN6 nannoplankton 
zones have been identified there. On the basis of the men
tioned zones a correlation with the Paratethys, Mediterra
nean and with standard zonation is possible (Tab. 1). 

The nannoplankton assemblage proves the transgres
sive marine Ottnangian in the Lužice Fm. (upper part). 
Based on the nannoplankton association the Badenian 
sediments of the Yienna Basin (S lovak part) could be 
divided only into two parts - the lower part (NN5) and 

· the upper part (NN6). NN5/NN6 boundary seems to be 
the most distinct correlation rnarker in the whole Centra! 
Paratethys and it can be identified in the continuous sec
tions of the Yienna Basin. Nannoplankton preservation 
and occurrence in the studied area are strongly affected 
by the tectonic activity and by the deltaic system pro
ductions. 

From the foram ini feral point of wiew, in the Lower 
Miocene were found CPN3 - CPN5 zones, with leading 
planktonic foraminiferal species. 

The sediments of the NN4 contai n highly diversified 
foraminiferal assoc1at1ons with Bulimina elongata 
ďOrbigny, Bulimina schischkinskaye Samoylova domi
nance, a lot of srnall Globigerina and Cassigerinella, 
comrnon Globigerina ottnangensis Roegl, Globorotalia 
bykovae (Aisenstat). Globigerinoides bisphericus Todd 
and Uvigerina graciliformis Papp et Tumovsky are rare. 
T he association is ranged to the M4 Zone (BERGGREN et 
al., 1995) and probably to the CPN5 „Globigerinoides 

sicanus" Zone sensu CICHA ET AL ( 1975) the Praeorbu
lina sicana (de Stefani) was not identified here. The two 
Zones sensu GRil..L (1943) have been identified in the 
studied material containing nannoplankton of the NN5. 
The first one was the upper lagenide Zone rich in plank
tonic forms, contain ing rnainly Globorotalia genus (G. 
peripheroronda Blow et Banner, G. bykovae (Aisenstat), 
Paragloborotalia mayeri (Cushman et E lli sor) and Glo
bigerinoides quadrilobatus (ďOrbigny) in the north
westem part of the basin. The second Zone - Spiro
plectammina carinata Zone sensu GRILL ( 1941) = 
agglutination Zone characterized by agglutinated species . 
as Spirorutilus carinatus (ďOrbi gny), Martinotiella com
niunis (d 'Orbigny), Textularia pala Czjzek, T. mariae 
ďOrbigny, Haplophragmoides vasiceki Cicha el Zapleta
lova, Budashewaella wilsoni (Smith), poor in plankton ic 
forarninifer types (ra re Globigerina bulloides ďOrbigny 
and G. falconensis (Blow)) developed mainly in the 
northeastem part of the studied area. Samples with nanno
plankton assernblages of the NN6 Zone contain asso
ciations of traditional forarn iniferal Zones (Spiroplec
tammina carinata Zone sensu Gril! 194 l = agglutinated 
Zone, Bolivina dilatata Zone sensu GRILL ( 1941 ), Bu
lirnina / Bolivina Zone sensu PAPP ET TURN0VSKY ( 1953) 
and Rotalia Zone sensu GRILL ( 1941 )). Nannoplankton 
and foraminiferal study was depleted by study of the mo
luscs and ostracods, highly used as stratigraphic marker in 
the Middle Miocene sediments . As new, relatively good 
tool for the regional strati graphy seems to be organic 
walled dinoflagellate species, which allow us to correlate 
Pannonian sedi ments in the Centra! Paratethys area 
(Tab.!). 

Beside the biostratigraphy, the radiometric methods 
based on the 87Sr/Sr86 ratio in the foram in iferal sha les 
there were used. Measured isotope rati o was transform 
into numerical age according to Look - up Table 
(H0WARTH - MCARTHUR, 1997) as is shown on the Tab. 
2. Results relatively good corresponds to them by (RôGL, 
1996, STEININGER, 1999). 
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Table 2 Radiometric ages and proces.sed material 

Borehole, Deep (m) NN Zones- Stage 
number 

Cunín 21 930---935 NN3 Ottnagian 

Gbely 100 1 100---1 1 05 NN4 Karpatian 

Moravský Ján 3 1251.9- 1258 NN4 Early Badenian 

Kúty 45 506.4 NN6 Late Badenian 

Devínska Nová clay pil NN6 Late 
Ves Badenian 

Široké Diely outcrop Sarmatian 
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Foraminifera shales - 5mg/sample Range with Registered 
deviation 

Pappina breviformis. Am- 16.9- 17.01 16.95 
phicoryna 01111angiensis 

le11ticulina melvili 15.9-16.3 16.05 
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Depositional Systems of the Northern Vienna Basin 

BARÁTH, 1. 1
, HLAVATÝ, I.2, KOVÁČ, M.3 and HUDÁČKOVÁ, N.3 

1Geological survey of Slovak Republic, Mlynská dolina 1, 81704 Bratislava 
2Comenius University, Faculty of natural Sciences, Depart.o f Geol. and Paleontol., Mlynská dolina G, 9842 15 Bratis lava, Slovakia 

3Slovenský plynárenský priemysel, a. s. odštepný závod Výskum a vyhľadávanie nafty a plynu (OZ VVNP), 
Votrubova ul. 11/a, 825 05 Brati slava 

Key words: Vienna Basi n, Neogene, Sedimentology, Depo
sit ional systems 

Vienna Basin, situated at the Alpine-Carpathian-Pan
nonian junction is one of the most explored sedimentary 
basins in Europe, with lots of borehole and seismic data, 
thus giving a good opportunity to serve as a natural labo
ratory for various geological studies. The sedimentary 
pattem of the Miocene fill is presented in lithostratigra
phic scheme prefering the interrelation of indivídua( litho
types of rocks, each of them with conclusive genetic 
interpretation . 

Depositional systems were defíned as assemblage of 
process-related facies (Fisher and McGowen, 1967). The 
concept of a depositional system helps one to relate late
rally adjacent, contemporaneous sedimentary environ
ments and their resulting assemblages of laterally-inter
gradational and hence contemporaneous sedimentary 
facies . Thus a sedimentary facies represents a single depo
si tional environment, and a depositional system represents 
a series of laterally adjacent depositional environments. 
Sedimentary rocks within a depositional system are re
lated by a dispersal system (Swift and Thorne, 1991) de
fíned as an assemblage of flow-linked depositional 
environments in a three-dimensional body comprising an 
amalgamated or averaged recording of countless indivíd
ua! sedimentation events. Marine depositional systems 
were divided into regressive and transgressive classes, 
thus retlecting the temporal relative sea-level changes 
(Swift, Phillips and Thorne, 1991 ). 

The Eggenburgian depositional systems of the 
Northern Vienna Basin are represented mostly by shelf 
sand ridge depositional systems and show a distinct trans
gressive pattern. Initial stage of subsidence was mani
fested by deposition of al luvial variegated clay and sand 
of the Stráže Fm. in depressions. Transgressive - onshore 
deposits represent coarse debris aprons and marine con
glomerates oť Brezová, Chropov and Winterberg types 
(Baráth and Kováč, 1989). The offshore Eggenburgian 
Lužice Fm. gradually widened over the coastal sediments 
(Fíg. 1 ). In the northeastern part of the basin the sedi
mentation started by upward fining shelf, shoreface, 
rocky-coast transgressive depositional system, passing 
upwards/landwards into a barrier-lagoon-estuary system. 
The southeasten part of the Štefanov depression and the 

northeastern part of the Vaďovce depress ion were marine 
bays with bay-head deltas , pass ing upward into estuarine 
deposits. The brackish environment of deposi tion in the 
area of Studienka and Lakšárska Nová Ves (Jiríček, 
1983) can indicate a bay-head delta also in the Závod 
area. At the end of Eggenburgian a relative sea- level fall 
caused a rapid progradation of the Štefanov regressive 
deltaic mouth bar depositional system on the south. 

During the Early Ottnangian the backstepping Šte
fanov deltaic sediments were flooded and covered by ba
sinal Lužice clays (Fíg. 1 ). Barrier-lagoon-estuary trans
gressive depositional system developed north of Štefanov, 
reaching a thickness 150 m (Biela, 1978). Similar trans
gressive system is recorded also in the Dobrá Voda de
pression, where the bay-head deltaic deposits are covered 
by dark clays within the Planinka Fm. (Kováč et al., 
1991 ). Northern margin of the Vienna Basin show 
a dominance of shelf sands transgressive depositional 
systems, being later cut by regressive erosion. Below the 
Ottnangian/Karpatian boundary a progradation of tluvial
deltaic Bocktliess sandy mouth bars deposi tional system 
indicates a new regress ion. In the Dobrá Voda depression 
thi s regression is marked by coarsening upward pattern of 
the Late Ottnangian Planinka Fm. Clastics (Kováč et al., 
1991 ). 

The Karpatian stage comprises two major transgres
sive/regressi ve cycles. The first one starts by well pro
nounced transgressive depositional system of Týnec shelf 
sand ridges at the western margin of the basin and by the 
rapid flooding of Bockfliess deltaic body by open-marine 
Lakšáry Fm. on the south (Fig. l ). The later widespread 
regression caused the deposition of al luvial Gaensendorf 
clastics, passing northwards into deltaic Šaštín sands, rea
ching a thickness of l00-400 m (Jifíček and Seifert, 
1990). This north-prograding regressive mouth bar depo
sitional system reached almost the present northem mar
gin of the basin. The second Karpatian cycle started by 
tlooding and capping of the Šaštín sand body by offshore 
Závod Fm. and by the deposition of deltaic-lagoonal Ad
erklaa Fm., comparable with the Láb Ostracoda Mb. (Fig. 
l ). The presented succession is interpreted as a barrier
lagoon-estuary transgressive depositional system. At the 
end of Karpatian the lagoonal deposition was replaced by 
the north-prograding gravell y Aderklaa and Jab lonica 
regressive mouth bars (Fíg. 6). Large areas of the basin 
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have got hypersaline wi th the dcposition of Kúty anhy
drite Mb., followed by large-scale erosion in the nonh
eastern part of the Yienna Basin. 

The Early Badenian backstepping of the Suchohrad 
deltaic and Zohor alluvial-deltaic bodies and their gradual 
transition into shelť sand ridges mirror the new trans

gress ion to the southeast (Fig. 1 ). Símilar depositiona l 
systems bound the northern margin oť the basin, however 
the transgress ive shelf ridges are without de ltaic supply, 
and their clastic material came from the ravined under

lyi ng deposi ts. In Lhi s area the shoreface sand is covered 
by Lanžhot Fm. offshore c lays. 

At the Early/Middle Badenian boundary a major re
gress ion caused the origin of alluvial, deltaic and lagoonal 
Žižkov Fm., representing the strandplain-shelf and/or pro

grad ing mouthbar rcgressive deposi tional system. At its 
base, there occur also littoral Studienka sands, deposited 
probably in the earl y- regressive shelf plume system (Fí g. 
1 ). Another regressive mouth bar system is represented by 
Matzen sand in the Gajary and Suchohrad area (fäíček , 

1988, 1990). At the castern margin of the basin the Láb 
sand sheet with algal bioherms, capped by offshore Jaku
bov Fm. c lay document a new transgress ion in the late 

Middle Badenian tíme. 
The Late Badenian sedimentation at both the eastern 

and northern margi ns of the basin started by minor rc
gress ive progradation of small mouth bars, which were 
rapidly replaced by transgress ive Sandberg shelf sands 

depositional system wi th algal biostromes. The Upper 
Badenian transgression caused a widening of the open
marine Studienka clay Fm. depositional areas northwards 
(Fíg. 1 ). At the end o f Badenian Lime variegated facies 

started to prograde at the northern margin of the basin, 
thus marking the strandplain-shelf regressive depositional 

systems. In the same tíme the prograding Gajary mouth 
bar regress ive depositional system originated on the 
south. These depositional systems document a new early 
regressive phase of the basin history . 

During the early Sarmatian tíme a large-sca le regres
sion caused the retreat of brackish sea-shore southwards 

to the area of Malacky, Láb and Vysoká (Jii'íček , 1988). 
The regressive alluvial plane-strandplain-shelf depositio
nal system is represented by the rapidly prograding Holíč 

Fm. in the northern part of the basin (Fíg. 1 ). The new 

Sarmatian transgress ion is represented by wide ílooding 
of the northern basin margins by brackish-water Skalica 
Fm., comprising tidal sand bars and bryozoan-serpulid 
limestones transgressive system (Fíg. 1 ). At the end of 
Sarmatian the prograding de ltaic mouth bars of the paleo
Danube ri ve r mirror a regression in the southwestern part 
of the basin, continui ng up to the early Pannonian tíme 

(Jiríček, 1985). Simi lar regress ive mouth bar depositiona l 
system origi nated on the north (E l ečko and Yass, 2001 ). 

The nexl Pannonian brackish-water transgressive/
regressive cycle is represented by the Lower Pannon ian 
Záhorie Fm. (Fig. 1 ). From the Upper Pannonian tíme, the 

sedimentary environments became to bc coa l-bearing lim
nic and allu vial in the who lc Yienna Basin (Baráth and 
Kováč, 2000). 

Financial support of 1his research came from projecl of 
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Continental_ biostratigraphy and correlations of the Korneuburg Basin 
(Karpatian) and the Grund Beds / Molasse Basin (Early Badenian) 
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Correlatíon of marine and continental realms, and 
precíse correlations between mamma] localities from di f
ferent basi ns, as well as correlatíons to existing chro
nostratigraphic and geochronologic scales is stíll prob
lematically. Therefore we focus on correlation tie points: 
these are localities where 

Correlation tie points from the Karpatian and the Ba
denian in Austria: 

a) land mammals are deposited in coeval marine se
quences, or terrestrial seq uences are interfingering wíth 
marine deposits, 

1. The terrestríal vertebrate faunas from Teiritzberg 1, 
Teiritzberg 2 and Obergänsemdorf in the Komeuburg 
Basin were recovered from marine-brackish sediment 
sequences of the Karpatían. Among the vertebrates the 
fossil fi sh taxa, the amphibians and the reptiles di splay 
rather long ranges, and are of limited stratigraphical us
age. Only the rodents (presence of Keramidomys thaleri, 
Prodryomys satus, Microdyromys koenigswaldi and the 

b) and/or magnetostratigraphíc data, and/or radio
metric data are available. 
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absence of Ligerimys) clearly indicate mamma! zone 
MN5. Furthermore the evolutionary level of Spermo
philinus besanus, Palaeosciurus sutteri and Clirulus di
remptus point to the early MN5. The magnetostratigra
phic data of the sections Teiritzberg and Obergänserndorf 
(SCHOLGER, 1998) allow a magnetostratígraphíc corre
latíon wíth the chrons C5Cn2n or C5Cn3n of the !atest 
Karpatian . Sínce the chron C5Cn2n is correlated with the 
beginníng of the Badenian (BERGGREN et al., 1995), only 
the earlier norma! interval C5Cn3n is plausible which 
corresponds to an age between 16.5 and 16.7 million 
years (OAXNER-HôCK, 1998). 

2. The terrestrial vertebrates from MUhlbach and 
Grund in the Molasse Basin of Lower Austria were depos
ited in lower Badenian marine sediments, and are mixed 
with predominating marine fauna. The rodents Crice/odon 
meini, Democricetodon mutilu.ľ, Democricetodon cf. 
gracilis, Megacricetodon minor; Eumyarion sp., Spermo
philinus besanus and Prodryomys satus indicate MN5. 
Among them C. meini and M. minor point to late M 5. 
The most abundant rodent, C. meini, is an immigrant from 
SW-Asia. In the Míddle Miocene (MN5) it migrated from 
Greece to Central Europe, ultimately reaching Western 
Europe and becoming extinct at the end of MN5. lts first 
and last occurrence in the Molasse Basin of Bavaria is 
below the „Brock" horizon (i. e. before the Ries event 
dated at 14.9 million years). In the Alpine Molasse Basin 
from Austria it was recovered from the upper Grund beds, 
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which were identified based on the marine fauna to repre
sent the late Lower Lagenidae Zone (RôGL et al., 2001 ). 
According to Ri:igl et al. (2003) the estimated age is 15.1 
million years. 
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The Lower Austrian localities Obergänserndorf and 
Teiritzberg (both: Early MN5, Lower Miocene) within the 
Karpatian Korneuburg Basin are compared with MUhl
bach and Grund (both: Late MN5, Middle Miocene) of 
the Molasse Basin in an ecological point of view and 
based on the terrestrial fauna elements. 

The excavations organized by the atural History 
Museum Yienna have taken place from 1987 to 1993 in 
Obergänsemdorf and Teiritzberg. They have been finan
ced by the FWF-Project P-80889GEO. Two books have 
already been published, the last one just this year (Sovis 
& Schmid, 1998; Sovis & Schmid, 2002). 

Relating to the profiles, in Teiritzberg marine/ 
brackish elements are mixed up with the terrestrial fos
sils, while in Obergänserndorf marine/brackish layers 
are alternating with terrestrial/limnic ones. Following 
the Maxima! Number of Individuals, rodents are most 
frequent. lnsectivora, Reptilia, Amphibia, Artiodactyla 
and, concerning Teiritzberg, also the tooth of a bear as a 
member of the Carnivora are present. Among the ro
dents, the diversity of glirids as we ll as the predom.i
nancy of eomyids as not burrowing animals point to a 
high groundwater-level. A large flying squirrel is pre
sent which needs a stepped wood for flying. Relating to 
the Insectivora, the water shrew as a member of the In
sectivora is typical for a damp environment. The living 
relatives of the Alligator Diplocynodon inhabit fluvial 
systems along rivers these days . Amphibians which 
permanently need water closeby for reproduction and 
often also for hibernation are represented by a. o. Rana 
and Pelobates. Summarizing, the terrestrial faunas of 
Obergänserndorf and Teiritzberg indicate swampy envi
ronments along rivers and brackish marshes (Harzhauser 
et al. , 2002). 

In MUhlbach and Grund, the excavations have taken 
place in 1996 and from 1998 to J 999. They have been 
organized by the the Institute of Paleontology of the Yi
enna University as well as the atural History Museum 
Yienna. lnvestigations on vertebrates are financed by the 
FWF-Project P-15724. Part of the material originates 
from the collecting of Mag. A. Kroh. Papers have already 
been published (Roetzel, 1999) and two second contri
butions to these localities are in progress (Boon, E., Co
ric, S., Daxner-Hock, G., Gohlich, U., Harzhauser, M., 
Huttunen, K., Miklas-Tempfer, P. M., Roetzel, R., Rogl, 
F., Schultz, O., Spezzaferri, S., Ziegler, R. & 1. Zom in 
progress; Pervesler in progress). 

In both localities, terrestrial elements are mixed up 
with marine ones. In Grund, the relatively diverse ver
tebrate fauna - including fish, amphibians, reptiles, birds, 
large and small mammals - is represented by only few 
specimens. Contrary to that, the terrestrial vertebrate 
groups of MUhlbach consist of small specimens only and 
single teeth or bone fragments are preserved. Not only 
large mammals but also adjoined elements are missing. 
Therefore, the major part of the fossils originates most 
probably from bird pellets. Among the rodents, burrowing 
cricetids and gophers predominate which points to the 
existance of dry woodland and a low groundwater-level. 
The Erinaceidae as member of the lnsectivora are most 
frequent and typical for woodlands near waters. Amphi
bians are nearly missing which indicates dry conditions 
confirmed by the reptile genera Testudo, Ophisaurus and 
Lacerta. As single exceptions, a terrapin , a water snake 
and an ide as a freshwater fish need some small fresh
water habitats closeby but in general, locally more dry 
than humid conditions are indicated. 

These special and controverse ecological situations 
can also be explained by the location of the fossil sites . 
The Karpatian Korneuburg Basin as a side Basin of the 
Yienna Basin and limited by the Waschbergzone in the 
West and the Flyschzone in the East offered an Estuary 
with swampy environments as living space for the terres
trial fauna there (Harzhauser et al. , 2002). The loca li tiy 
MUhlbach of the Badenian Grund Beds is situated within 
the Molasse Basin. Yery probably, the coast there was 
steep leading to a dry hinterland with some small water 
habitats closeby. 

References 

Boon, E., Coric, S .. Daxner-Hóck. G. , Géihlich , U., Harzhauscr, M ., 
Huttuncn, K .. Miklas-Tempfer, P. M .. Roetzel . R., Rogl. F., 
Schultz, O. , Spezzaferri, S .. Ziegler, R. & 1. Zorn (in progress): 
Ann. Naturhist. Mus. Wicn, 104. 

Harzhauser, M., Bohme, M ., Mandic, O. & Ch.-Ch. Hofmann (2002): 
Thc Karpatian (Late Burdigalian) of the Korneuburg Basin - A Pa
laeoecological and Biostmtigraphical Syntheses. In: Sovis, W . & B. 
Schmid (eds.): Das Karpat des Korneuburger Beckcns / Teil 2. 
Bcitr. Paläont. . 27 : 441 - 457. - Wien. 

Pervcsler, P. (in progress): (ed.): Geologica Carpathica. 
Roetzel, R. ( 1999): (ed.): Arbeitstagung I 999 Retz - Hollabrunn. 

Beiträge Arbcitstagung Geol. Bundesanst. 1999 Rctz - Hollabrunn. 
- 363 pp. - Wien. 

Sovis, W. & B. Schmid ( 1998): (eds.): Das Karpat des Korneuburger 
Beckcns / Teil 1. Beitr. Paläont., 23: 4 13 pp. - Wien. 

Sovis, W. & B. Schmid (2002): (eds.): Das Karpat des Korneuburgcr 
Beckens / Teil 2. Beitr. Paläont. , 27: 467 pp. - Wien. 

Geological Survey of Slovak Rep11blic, Dionýz ŠtlÍr P11blisher, Brati.ľ la va 2003 ISSN l 335-96X 



7 



Slovak Geol. Mag., 9, 4 (2003), 245 

Stratigraphy of the Grund Fm., based on the Foraminifera 
1IVAN CICHA and 2PETR LÍZAL 

1Czech Geological Survey, Klárov 3, 118 21 Prague 
1"echnical University of Brno, Faculty of Civil Engineering, Údolní 53, 602 00 Brno 

New research above all in the Alpine - Carpathian 
foredeep brought results that correct our opinions of the 
border lower Miocene in view the global subdivision -
Burdigalian s. 1. and middle Miocene from the point of 
view of global analysis - Burdigalian s. 1. and middle 
Miocene (Langhian and Karpatian and lower Badenian). 
According to the prevailing opinion, the sedi mentation 
was interrupted between the Karpatian and the lower Ba
denian in Paratethys and basal clastics of Badenian were 
deposited approximately in one period, divided from un
derlying Karpatian . 

Detailed analysis of foraminifera of Karpatian and 
lower Badenian proved the sequence developed in the 
Alpine Carpathian foredeep from the point of view of 
fauna and lithology corresponds with sequence from Kar
patian to lower Badenian. Signs of shallowi ng in the 
sed imentation area have been proved in the dividing line 
of Karpatian and Badenian in many places. This is char
acterised by alternation of sands, clays and rare gravels. 
In the Alpine Carpathian foredeep, typical assotiation of 
the upper Karpatian are accompanied by numerous repre
sentatives of genus Globorotalia s. 1. , which appear in the 
underlying beds of the zone Globigerinoides bisphericus. 
It was only in the overlying beds of this zone where the 
first representatives of genus Praeorbulina were proved, 
that are accompanied by typical Uvigerinas of Karpatian 
in the o ldest Badenian. This community of the oldest Ba
denian cannot be considered to be lower Lagenidae zone, 
particularly with Lenticulina echinata, Planularia div. sp. 
This development was studied in details in the region of 
Grund on sheets l: 50 OOO Hollabrunn and Hadres, e. g. 
between Wullersdorf and Buchberg - Mailberg. By map
ping boreholes thicker basa! clastics were not proved. 
They are known fro m the area of Novosedly, Brno etc., 
the sequence between typical Uvigeri na Karpatian (Laaer 
Formation) and typical Lagenidae Badenian was classi
fied as Grund Formation. The name Grund beds has been 
generall y used s ince mid 19th century. In 1957, R. Wein
handl used the name Grund layers on sheet Hadres for the 
uppermost Helvetian (now Karpatian) and the oldest Tor
tonian (now lower Badenian). 

Rogl et al ( 1998) in Cic ha et al. ( 1998) compare from 
the point of view of stratigraphy the Grund Formation 
with lower Lagenidae zone of lower Badenian Roetzel et 
al (1999) - geological map Hollabrunn 1: 50 OOO do not 

exclude the Grund Formation to be long to the upper Kar
patian before the oncome of Praeorbulina. lt is necessary 
to point out that Rogl et al. ( 1998) consider genus 
Uvígerina macrocarinata and e. g. Vaginulina legumen 
to be typica l representatives of Lagenidae zone in this 
area. In another paper, Roetze l et al. ( 1999) consider 
typical locality Grund to be lower Badenian in age on the 
basis of appearance of small mamma! Megacrícetodon . In 
this area, Austrian and Ital ian geologists (Spezzafieri et 
al. - unpublished) later found 3 small specimens of the 
genus Praeorbulina in assot iation with microfauna of the 
Laaer Formation. 

Stráník, Brzobohatý (2002) are considering the trans
gression of the Grund Formation to progress from south
east to north-east. The presence of these layers is quite 
probable in Ostrava region. In the Carpathian foredeep in 
Mora via, e. g. in the region of Hnanice, in boreholes HJ -
3 Žateany, HJ - 5 Žabeice, HJ - 2 Otmarov, HJ - l05 
Dvorska, HJ - 4 Syrovice, HJ - 103 Opatovice, HJ - 1 O 1 
Eernovice, in the surrounding of Brno, a group of layers 
can be found, which from faunistic and lithological point 
of view corresponds to Formation from Karpatian to 
lower Badenian . Simi lar development can be supposed in 
northern part of the foredeep in Austria, too . 

The arrangement of layers of lower Badenian is still a 
problem. This is the case of clastics Formation of the re
gion of Brno, gravels from Troskotov ice, Novosed ly, 
Drnholec and clastics in centra! part of Carpathi an fore
deep, e . g. in boreholes near Radslavice, Brodek u 
P0erova, Vlkoš. 

In the Alpine-Carpathian foredeep, younger forami
nifera fauna of lower Badenian can be found - Lenticu
lina echinata, Planularía auris, Planularía antillea ostra
viensis, Planularia dentata , Palmula jonesi, Lingulina 
costata etc . The above mentioned fauna is plentiful in so 
called „Tegel" in the surrounding of Brno, the Neogene of 
the Boskovice furrow (southern part), Borae, centra] Mo
ravia etc. These communities are from youger beds as the 
Grund Formation . The re lationship of these Planularia 
etc. developments to Neogene of Appenine penninsula, it 
is to Langhian and Serrava ll ian . In the Appenine pennin
sul a between type local ity of Langhian and Serravallian 
(Rogl - private information), there exists Hiatus in the 
period of I rnio years and border stratotype between 
Langhian and Serravall ian has not been deterrnined yet. 
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Distributional patterns and shifts of early Middle Miocene Gastropod Faunas 
in the Central Paratethys 
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Early Badenian gastropod assemblages of the Centra) 
Parátethys are best documented by the Austrian faunas of 
Styria and Lower Austria and by the Hungarian fauna of 
Yarpalota. The Austrian faunas are known to science for 
more than 150 years and were usually termed as the 
„Grund Fauna". Due to an inadequate definition of Lhe 
now historical stage „Helvetian", the separation of the 
advanced „Grund Fauna" from the slightly older Early 
Miocene Karp[Nian one remained doubtful throughout 
most of the 20t century. However, during the last years 
the Middle Miocene status of the fauna was accepted by 
most workers based on the increased biostratigraphic 
data. Recently the dating was confirmed by magnetostra
tigraphy, mammals and planktonic foraminifera. These 
data document a gap between the Karpatian gastropod 
fauna of the Korneuburg Basin and the Badenian section 
Grund of approximately 1 .5 ma. 

Both faunas may be considered as typical migrational 
faunas, since both faunas coincide with a marked trans
gressive event from the Mediterranean area into the Cent
ra) Paratethys. 

One of the main differences between the late Early 
Miocene Karpatian gastropod faunas of the Western Para
tethys and those of early Middle Miocene Badenian fau
nas is a sudden increase in diversi ty. About 150 gastropod 
species of the Karpatian are opposed by more than 300 
species of the Early Badenian . This „bloom" can be ob
served within most gastropod families but is most con
spicuous within the cypraeids, turrids, cancellariids, 

nassariids, or muricids. However, the modem character of 
the fauna is not only based on the evolution of new 
Paratethyan taxa (e.g. within nassariids) but is probably 
only a result of immigration from the adjacent Medi
terranean . Nonetheless, the Karpatian fauna was also 
characterised by a high number of immigrations, resulting 
in more than 70% of „Mediterranean" species within the 
Centra) Paratethyan Komeuburg Basin (Austria) . 

Despite the documented open seaways and the fair 
possibilities for migration, several Early Miocene Medi
terranean species did not enter the Centra) Paratethys be

fore the Badenian. Among these species Rimella (Dien
tomochilus) decussata (DEFR. ), ,. Pseudonina" reyti 
COSSM. & PEY R., Fasciolaria ( Pleuroploca) tarbelliana 
(GRAT.), or Morum (Oni.ľcidia) cythara (BROCCHI) are 
typical. Mediterranean origin is also likely for taxa such 
as Malea (Cadium) denticulata (DESH.) and Pereiraea 
gervaisi (VÉZIAN) . Obviously, the ecological conditions 

allowing the northward migration of these species were 
established not before the Early Badenian. Similarly, the 
strombid Tibia dentata (GRAT.) is unknown from the 
Karpatian of the Paratethys but forms extraordinary large 
populations in the Mediterranean at that time (Mut Basin 
in Turkey, Qom Basin in Centra! lran). Nevertheless, the 
same species starts to form equivalenl populations within 
the Styrian Basin in the Early Badenian, witnessing a dis
tinct extension of its optimum-zone into the southern Cen
tra! Paratethys. Comparable northward restrictions in their 
Middle Miocene distribution area can be documented for 
the stromboids Pereiraea gervaisi (VÉZIAN) and Strom
hus ,ľchroeckingeri (Hoem.) which both are restricted to 
the southern basins of the Central Paratethys. 

Within the Paratethys the Early Badenian gastropod 
fauna is also highly indicative in respect to biostrati
graphy. Several species, such as Trigonostoma crenatum 
(HORN.), Rimella (Dientomochilus) decussata (DEFR.), 
Pereiraea gervaisi (YÉZIAN), Strombus ( Euprotomus?) 
schroeckingeri HôRNES, Malea (Cadium) denticulata 
(DESH.), and Cassidaria cingulifera HOERN. & AUING. 
seem to be restricted to this rather short tíme slice. Fur
thermore, the surpri sing bloom of many Early Miocene 
(Karpatian, Burdigalian) relics characterises the fauna. 
Thus, the Centra) Paratethys acted as Early Badenian 
sanctuary for several Early Miocene species, which are 
otherwise highly characteristic for the Karpatian assem
blages of the Paratethys. These „old fashioned" survivors 
such as Tympanotonos papaveraceus (BAST.), Turritella 
gradata MENKE, Protoma cathedralis BAST., Euthrio
.fusus burdigalensis (DEFR.), Ocenebra (Ocinebrina) 
crassilabiata (HILBER), and Perrona louisae (HORN. & 
AUING.) have a last but strong acme in the „Grund Fauna" 
but fade abruptly without reaching the Middle Badenian. 
Some of these relics are not „KUmmerforms" indicating a 
near extinction but display rather a peak conceming num
bers of indi viduals as well as size . But even within persis
tent species such as Volema (Melongena) comuta 
(AGASSIZ), Genota ramosa elisae HORN. & AUING., Tibia 
dentata GRAT. , Gyrineum (AJpa) marginatum (MARTINI), 
Mitra scrobiculata (BROCC.), Tudicla rusticula (BAST.) 

and the Nassarius dujardini-edlaueri-schoenni group a 
similar „bloom" can be observed in the Early Badenian. 

Generally, the thermophilic character of these assem
blages - indicated among others by a maximum diversity 
of strombids throughout the history of the Paratethys -
agrees well with an Early Langhian climatic optimum. 
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A simple method of depth estimation based on presence/absence data 
using benthic foraminifera 

JOHANN HOHENEGGER 

Jnstitut filr Paläonto logie, Universität Wien 

A two-step procedure for estimating paleogradients is 
presented. The first step requires ranges of variates cor
responding to the fundamental (general) di stributions at 
the gradient. These distributions are independent of local 
variations. Using species as variates and samples as ob
jects, fundamental ecological niches along the environ
mental gradient represent these general distributions. The 
second step involves a transfer equation. It is based on the 
arithmetic mean of location parameters of these di stribu
tions that are weighted by their dispersion parameters. 
This procedure gives weight to variates with smaller di s-

. persions, which yield more information about the locati on 
at the gradient than variates with wide di spersion. The 
method proposed here does not require information about 

frequencies; so lely the presence of variates is sufficient. 
Objective criteri a are used to eliminate variates like spe
cies, which do not overlap in living indi viduals along a 
gradient but are mixed in samples of empty tests. This is 
important in estimating paleogradients because mixing of 
non-overlapping variates is a common effect due to ta
phonomic processes like transport, bioturbation, or sedi 
ment reworking. The new method is successfully applied 
for depth estimation using shallow-li vi ng benthic forami
nifera and empty test from the NW Pacific, living smaller 
benthic foraminifera from the .shelf and continental slope 
of Senegal, and benthic foraminifera with low planktic 
forms from the Upper Karpati an below the Styrian uncon
formity . 
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Palaeoecological evaluation of the Karpatian sediments in the southern part 
of the Carpathian Foredeep us_ing trend analysis 
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Key words: Carpathian Foredeep, Karpatian, Foraminifera, Pa
laeoecology, Biostratigraphy 

The objectives of the abstract include characteristics 
of foraminifers in Karpatian sediments in the southem 
part of the Carpathian Foredeep, Moravia, the trend ana
lysis of the assemblages and application of stati stical 
methods to reconstruct the palaeoecological evolution of 
the depositional area. ln the resulting model the palaeo
geographical and biostratigraphic aspects are also add
ressed. 

Majority of the foraminiferal assemblages characte
rized by abundance of uvigerinas and pappinas ( U. graci
liformis Papp & Turn. , P. brev(ťormis (Papp & Turn. etc.) 
belong to the „lower part" of the Laa Formation (Rógl, 
1969). Nevertheless, few assemblages with Globigerinoi
des bisphericus Todd have been recorded and compared 
with the „upper part" of the Laa Formation. Sediments of 
the Grund Formation with abundant Globigerinoides 
bi:;phericus Todd lying unconformable on sediments of 
the Laa Formation (Rógl et al., 2002) were not recorded 
in the area under study . 

Generally, the palaeoeco logical conditions were not 
equal in the Karpati an deposits in Moravia. The juxtapo
sed assemblages are often different. Alternation of the 
depleted foraminiferal assemblages with the richness as 
well as alternation of assemblages with dominance of 
planktonic genera and ben thic ones indicate unbalanced 
environment. This phenomenon has been already ob
served by Nehyba & Petrová (2000). 

Based on study of foraminiferal microfauna and corre
lation of the boreholes, the following model is proposed 
for development of Karpat ian basin. Two transgressions 
within Karpatian sediments has been recognized . 

1. The transgression of Karpatian sea reached the 
southern part of the Carpathian Foredeep from Mediter
ranean . During the first period of the transgress ion co
vered the area of nowadays Mikulov, Pohorelice and 
Nový Pi'erov villages and documents the maximum 
thickness of Karpatian sediments. Later, during the 
Savian orogeny, these strata were overthrust by the nap
pes of the Carpathian Flysh Be lt. Microfauni stic assem
blages indicate anoxic conditions at beginning of the 
transgression. Locall y, foraminiferal microfauna with 
Siphonodosaria di v. sp. and Valvulineria complanata 

ďOrb. was recorded. Horizons with agglutinated fo
raminifers (NP- 1, NP-2, Bi'ez-2 boreholes) character
ized by genera Bathysiphon, Haplophragmoides and 
Cribrostomoides, were recognized in the wide environs 
of Mikulov and Laa an der Thaya towns. Their presence 
reflects the cold deeper water conditions from lower 
littoral to upper bathyal. 

2. Next transgression proceeded in direction of the 
western part of the Carpathian Foredeep and overlaps the 
sediments of the Eggenburgian-Ottnangian (?) age alike 
in the eastern part. In the lowermost part of these sedi
ments, anoxic conditions appear. Later, euryoxybiont taxa 
such as Bolivina div . sp., Bulimina div. sp., Praeglobobu
limina di v. sp., Uvigerina di v sp. predominate and docu
ment the improvement of the palaeoenvi ronmental condi
tions, stability of the oxygen supply and subsidence of the 
basin . 

In the overlying deposits, number of reduced horizons 
decreases, horizons with euryoxybiont foraminifers (in 
the Nos-3, HV-304, HY-306 boreholes) altemate those 
with high number of p lanktonic specimens. The sudden 
alternations of depleted horizons that characterize redu
ced environment with the euryoxybiont ones with locally 
shallow-water fauna can be explained by uppwellings ac
companied by oscillation of sea level , probably with re
stricted water circulation. This explanation is further 
evidenced by litho logical analyses . 

Depleted microfauna is observed in the majori ty of 
boreholes in the Upper Karpatian and re fl ects an aggra
vation of the li vi ng conditions. In the uppermost part of 
borehole profiles the shallow-water assemblages were 
observed with exception of HV-301, HY-305 and Zn-12 
boreholes. Palaeogeographically, the conditions of sedi
mentation in the Karpatian in the southern part of the 
Carpathian Foredeep can be compared with conditions of 
anoxic silled basins with positive water balance and so
called estuarine type water circulation . 

The synsedimentary tectonic deformations are docu
mented within the terminal shallow-water sedimentation 
and especiall y in its overlying strata that were deposited 
W of the front of the Ždánice Unit. Based on foramini
feral study, two blocks can be delimited in the studied 
area and in cross-sections. The western block is limited 
by the norma! fault that is closing in the Karpatian . The 
increasing of th ickness of Karpati an sediments may result 
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from the overthrust fault tectonics in the eastern block. 

According to seismic profile interpretations the overthrust 

fault tecLOnics has character of sinistral faults (Čížek , per

sona! comm.). The changing thickness of Karpatian sedi

ments in the western block where the final shallow-water 

sediments are missing (HY-301, HY-305, Zn-12) is due 

to the post-Badenian erosion. 
Tectonic movements were formerly interpreted on the 

seismic profiles (Adámek, persona! comm.). The present 

study of foraminiferal assemblages provides a model that 

further documents ex istence of the tectonic deformations. 
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In a multidisciplinary approach including data on pa
leoecology of foraminifera , mollusks, balanids and co
ralline algae, as well as on taphonomy, sedimentology, 
sequence straligraphy and regional geology, the environ
mental reconstruction for the Niederleis Basin (a satellite 
depression of the Yienna Basin and important fossilife
rous site of the Centra! Paratethys region) is provided. 
The data came from two sections in proximal (section 
Buschberg) and distal (section Bahnhof) position relative 
to the northwesterly exposed basement chain (Leiser 
Berge). The accomplished analysis confirmed the presu
med bathymetric and paleogeographic differences. The 
study represents a partia! results of Austrian Scientific 
Foundation (FWF) projects „Temporal and spatial 
changes of microfoss il associations and ichnofacies in the 
Austrian marine Miocene" (P 13743 - 810) and „Evolu
tion Versus Migration: Changes in Austrian Marine Mio
cene Molluscan Paleocommunities" (P 13745 - BIO). 

The data on foraminifera suggest that the sediments 
from the section Buschberg were deposited in water depth 
not exceeding l00 m and that a possible displacement 
episode occurred at the base of the studied sequence. The 
composition and taphonorny of shell beds within thal par
tia! section indicates proximal storm deposition within the 
inner shelf area . The masses of balanids implies the pres
ence of abundant littoral hard substrata. Relatively deep 
water-sediments at only 200 m distance frorn the paleo-

shore indicate the presence of a drowned paleocliff, that 
may correspond to the northwestem tectonic margin of 
the Niederleis basin. 

The sediments from the section Bahnhof were deposit
ed in deeper water. A paleodepth frorn 100 to 500 m for 
the Bahnhof-section is indicated by foraminifera. Water 
depth increased from the bottom to the top of the section. 
Suboxic conditions prevailed at its base, more oxic con
dition prevailed upward. A massive di splacement episode 
occurred in the middle part of the section and involved 
sediment from a shallower environment. Displaced ben
thic foraminifera and mollusks suggest water depth not 
exceeding 30 m. Whereas the fossi l record from autoch
thonous layers implies deepening upward, the mi xed fos
sil assemblage from tempestites implies shallowing of the 
supply center, respective gradual installation of extended 
onshore to lagoonal habitats within the basin 's marginal 
area . Thus a synsedimentary tectonic sagging respective 
the subsidence of the basin as a result of synchronous 
extensional tectonics is inferred. This interpretation can 
be underpinned with the regional geologic situation. 
Moreover it stays in accordance with the inferred bio
stratigraphic position of studied series within the late 
Lower Lagenidae Zone corresponding with the regional 
maxima! tlooding surface respective with the following 
high stand system tract of the Yienna Basin. 
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Lower Miocene of the Hustopeče Gate 
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Hustopeče Gate in South Moravia represents a young 
morphologic depression probably of the Early Quatemary 
age. This depression originated on the Lower Miocene 
deposits superimposed on the Ždánice unit. 

The Lowermost strata of Miocene deposits are repre
sented by Šakvice Marl characterized by grey, white 
weathering unstratified marls with the concretions of 
dolomitic limestones. According to the micropaleonto lo
gical studies (Cicha & Pícha, 1964, Molčíková in Stráník 
a kol., 1982) the marls provided Foraminifera assem
blages with rich bathysiphons and genera Cyclammina, 
Bolivina, Bulimina, Globigerina that indicat deeper 
neritic environment. Nannofossi ls are represent by species 
Discoaster druggi, zone NN2 and Sphenolithus belemnos, 
zone NN3, Both Foraminifera and Nannofossils indicat 
the Eggenburgian age. Šakvice Mar! does not manifest 
any distinct discontinuity with the underlying Ždánice
Hustopeče Formation. 

The upper part oť the Šakvice Mar! is characterized 
by a layer (horizon) of slightly calcareous c lays with 
sca les of fish . The thickness of Šakvice Mar! reaches up 
to 300 m. 

The Pavlovice Formation overlying the Šakvice 
Marl is characterized by green-grey and brown clays 
with some intercalations of pelosiderites and volcano
clastics. According to Nehyba (pers. com.) these vo l
canoclastics correspond to the upper horizon of 
volcanoclastics (horizon 2) of the SW part of the Carpa
thian Foredeep (Nehyba, 2000). Limonit and jarosit are 
frequently present as products of weathering. The Pav
lovice Formation was deposited in the anoxic shallow 
neritic environment with decreased salinity and unfa
vourable living conditions. 

The overlying diatomite sequence (up to 20 meters in 
thickness) is formed in its lower part by massif diatomic 
clays fo llowed by laminated diatomites in the upper part 
of the sequence. The rnassif diatomites contain freshwater 
and brakish diatorns represented by genera Melosira and 
Coscinodiscus. The larninated diatomites provided pela
gic diatoms of the deeper neritic environment of open sea. 
The total thickness of the Pavlovice Formation attains 
175 rn. 

The Laa Formation represents the youngest strata of 
the Lower Miocene fill in the Hustopece Gate. It over
lies the diatomites and consists predorninantly of grey 
stratifi ed calcareous clays with se lten laminas and inter-

calations of sand and sandstone. Based on micropaleon
tological investigation these strata were discribed by 
Pokorný ( 196 I ). They contain relative rich marine fora
rniniferal assernblages corresponding to zanes No. I and 
No. 11 of the Karpatian Stage (sensu Cicha and Zapleta
lová, 1974). Čtyroký (1963) deterrnined from these 
strata the macrofauna species Macoma cf. elliptica 
HOERN. and Lucina sp. A lumachelle-layer with repre
sentative of genera Lucina in the vici nity of Zaječí were 
found . The sarne rnacrofauna is known from the Karpa
tian strata of the Carpathian Foredeep (local ity Zbýšov 
near Slavkov) and in the Váh Valley, western Slovakia. 

Lower Miocene deposits in the Hustopeče Gate form 
the brachysync line disturbed by faults. During the 
Styrian orogeny these deposits were folded and thrust 
together with the older strata of the Ždánice unit over 
the sedirnents of the Pouzdfany unit and Lower Miocene 
fi l] of the Carpathian Foredeep. The identical NE-SW 
directions of the b-axes of folds of the Ždánice
Hustopeče Forrnation and the overlying Pavlovice For
rnation support the opinion that the Styrian orogenic 
rnovements cornpletly overprinted the phenomenon of 
previous Savian orogeny. These observations are in 
agreernent with the structura l studies by Fodor ( 1995) 
and Nemčok et al. (1998). According to these authors, 
the stress-field in the Carpathian Flysch did not changed 
in the period from the Late Oligocene up to Miocene. 

The Lower Miocene deposits indicate che marine 
connection between the Carpathian Foredeep and the 
lntracarpathian basins across the Flysch belt in the 
southern Moravia. Their conforrnable position on the 
underlying Ždánice-Hustopeče Formation and deep-sea 
foraminiferal assemblages support the assumption that 
the rea lm of Ždánice and Pouzdfany units represented 
the depocentrum of the Paratethys in the Early Miocene . 
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Middle Miocene nannofossils in the Carpathian Foredeep, 
Czech Republic (state-of-the-art) 

LILIAN ŠV ÁBENICKÁ 

Czech Geological Survey, Klárov 131/3, P. O. Box 85, CZ- 118 21 Praha, Czech Republic; svab@cgu.cz 

Two different nannoplankton horízons were recogni
zed in the Middle Miocene (Lower Badenian) deposits of 
the Carpathian Foredeep in the territory of the Czech Re
public (southern and centra! Moravia, approximately in 
quadrangle of towns Znojmo - Mikulov - Pi'erov - Olo
mouc). Horizons were described by Švábenická (2002a, 
b) and their precise stratigraphic correlation is recently 
under discussion. Material was obtained during mapping 
and other geological works and was taken from the same 
samples as used for the foraminiferal study. No continu
ous section crossing the Karpatian-Badenian and the 
overlying Lower Badenian strata has been available yet. 

I. Horizon with Helicosphaera waltrans 

Nannofossil assemblages are characterized by pre
sence of H. waltrans and by only occasional occurrence 
of Sphenolithus heteromorphus. They are represented by 
high number of helicoliths complemented by small placo
liths of family Prinsiaceae (Reticulofenestra pseudoumbi
licus, R. haqii etc.). Horizon should be subdivided into 
two parts: 

1. co-existence of rare H. waltrans and H. ampliaper
ta, helicoliths and reticulofenestrids prevail, 

2. H. waltrans relatively common; rare appearance of 
specimens of genera Discoster, Umbilicmphaera, Ponto
.1phaera and Calcidiscus. Species H. ampliaperta is al
ready absent. 

Horizon was observed in clays and siliciclastic sedi
ments of the Grund Formation and in the basa) Lower 
Badenian deposits where planktonic foraminifers Globi
gerinoides bisphericus, Praeorbulina ex gr. glomerosa 
and Orbulina suturalis appear (Cicha, 2001). Sediments 
yield generall y poorly preserved nannofossils of low spe
cies diversity . Reworked coccoliths from the Upper Cre
taceous and Paleogene strata prevail, Miocene specimens 
form only l0-20% of taphocoenoses. 

Character of nannofossíl assemblage, especially the 
predominance of helicoliths indicates the shallow epicon
tinental sea (sensu Báldi-Beke, 1980, Nagymarosy, 
1985). 

II. Horizon with Sphenolithus heteromorphus 

Nannofossíl assemblages are characterized by high 
species diversity and show following attributes: 

• presence of Sphenolithus heteromorphus, 
• absence of Helicosphaera waltrans, 
• genus Helicosphaera is represented by common 

H. carteri. Species H. walbersdorfensis if present 
has been observed in higher numbers 

• high number of small placoli ths of family Prinsia
ceae including species Reticulofenestra minula, R. 
haqii and R. pseudoumbilicus (forms <5µm and 
>5µm ). 

Assemblages are mostly complemented by species 
Pontmphaera multipora, Umbilicmphaera rotu/a, Calci
discus premacintyrei, C. macintyrei, C. leptoporus, Dis
coaster exilis, D. variabilis, large forms of Coccolithus 
miopelagicus (> 1 0µm in size), Rhabdosphaera ssp. 
(sensu Young 1998) including R. sicca etc . 

In some deposits (probably going with the upper part 
of horizon), e ll iptical varieties of Coronocyclus nitescens 
appear, along with 5-rayed symmetrical discoasters and 
enigmatic specimens of genus ?Catinaster. The last men
tioned specimens could be explained also as a central part 
of Discoaster musicus, nevertheless, this species has not 
been observed in studied material. 

Calcareous nannofossils form a significant component 
in sediment and specimens are moderately well preserved. 
Compare to underlying deposits and horizon with H. wal
trans respectively, taphocoenoses are characterized by 
increasing number of Miocene specimens forming about 
50-70%. Reworked coccoliths are mostly of the Upper 
Cretaceous and Middle Eocene age. According to Cicha 
(200 J ), horizon was observed in the Lower Badenian 
basa! and marginal si liciclastic sediments and clays 
(,,tegel"). They are characterized by the occurrence of 
benthonic species Vaginulina legumen and Lanzendorf 
microfauna (Čtyroká and Švábenická, 2000). 

Influx of Miocene nannoflora and character of assem
blage indicate the deepening of depositional area and 
open-sea conditions and reflect the transgression. 
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Paleoenvironmental notes: 
High number of helicoliths indicates a shallow epicon

tinental sea and che occasional occurence of other coc

coliths probably a beginning of transgression. 

The change in quality and quantity of nannofossil as

semblages, that is enrichment in discoasters and cocco

liths gives evidence for the open-sea conditions and 

reflects transgression in the Lower Badenian. This change 

probably coincides with the last occurrence (absence) of 

Helico.1phaera waltrans. 
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Around the Early/Middle Miocene (Karpatian/Badenian) Boundary 
in the Austrian Neogene Basins. 

A Story of Gaps. 

STJEPAN C0RIC, J0HANN H0HENEGGER, PETER PERVESLER, REINHARD R0ETZEL, FRED RôGL, 
R0BERT SCH0LGER, SILVIA SPEZZAFERRI and KARL STI GL 

FWF Project P 13743-BIO 
FWF Project P 13738-TEC 

Investígatíons of sedímentary sequences around the 
Karpatian - Badenian boundary were carried out on sec
tíons in the Austrian part of the Alpine-Carpathian Fore
deep (Molasse Basin), the southern Vienna Basin, and 
predominantly the Styrian Basin. Results are based on 
calcareous nannoplankton, planktonic foramin ifera, and 
palaeomagnetic measurements. No continuous sedimenta
tion between the Karpatian and Badenian has been re
corded. In response to the Styrían tectonic phase the 
Lower Badenían similarly shows a seríes of gaps. 

In the Wagna section (Styrian Basin) the Karpatian is 
represented by calcareous shales and ínterbedded dolo
mitic -siderítíc limestone beds from an upper bathyal en
vironment. Stratígraphic results show NN 4 , Globige-

Middle Miocene Boundary in the 
Austrian Neogene Basins 
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upper part of the sequence belongs to the „Leithakalk", 
corallinacean limestones and marls lying on fine sands of 
the arenitic sequence, probably with a short gap. Strati
graphically, the „Leithakalk" belongs to NN 5, yielding 
Po. glomerosa s.l. and in the uppermost part also Orbu
Lina suturalis. The lower part of the limestones still lays 
in a norma! chron, followed by a short reversal, and again 
a norma! magnetization on top. 

In the southem Yienna Basin a drill site for mineral 
water was studied. The Badenian transgressed on Meso
zoic dolomites with a non-fossi liferous breccia. For the 
first tíme NN 4 is recorded here. The lowermost soft 
sediments are brown marls, with a rich assemblage of 
Helicosphaera ampliaperta, and blue-grey silty marls 
(,,Badener Tegel") which belong to NN 5. In both sedi
ments the Po. glomerosa group occurs, and in the blue
grey marl also O. suturalis (Lower Lagenidae Zone). 

Karpatian sediments were studied in the Molasse Ba
si n north of the Danube (Alpine-Carpathian Foredeep) at 
Laa an der Thaya, brickyard and drill site. The blue-grey 
calcareous shales of the Laa Formation belong to NN 4 
and are reversed magnetized. Discordantly follow green-

Slovak Geol. Mag., 9 4 (2003), 259- 260 

ish clays and yellowish brown fine sands, which are nor
maily magnetized. The normal chron is correlated with 
the Karpatian of the Komeuburg Basin, and dated as 
C5Cn.2n. 

The Grund Formation was studied at the type locality, 
where the layered fine sands and silts are deeply cut by 
mollusc bearing channels. Nannoplankton with Heli
cosphaera waltrans gives a zonation of NN 5, which is 
supported by the rare occurrence of Po. glomerosa circu
laris. The extent of the Grund Fm. is veritied in the OMY 
dri II site Roggendorf- l, where clastics and gravels trans
gress ata dri II depth of 360 m on the Laa Frn. The clastic 
sequence is dated as NN 4, whereas the higher part with 
finer sedirnents belongs to NN 5. Only the topmost part 
contains a rich benthic and planktonic foraminiferal fauna 
with Po. glomerosa circularis and O. suturalis. Addition
ally the Badenian transgression was dated in prospecting 
drill si tes in the Krems embayment, where the basal con
glomerates are equally dated as NN 4, together with Po. 
glomerosa. Palaeomagnetic measurements in the Grund 
type locality show a norma! polarisation, and are corre
lated with chron C5Bn.2n. 
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The molluscan composition of the tempestitic shell beds of the Grund Formation 
(Lower Badenian, Middle Miocene) in Lower Austria 

MARTIN ZUSCHIN°\ MATHIAS HARZHAUSER11 and OLEG MANDICA 

"Institute of Palaeontology, University of Yienna, AlthanstraBe 14, A-1090, Vien na, Austria, 
~useum ofNatural History Vienna, Burgring 7, A-1014, Yienna, Austria 

Artificial outcrops in the Grund Formation identified 
its typical shel l beds as distinctly allochthonous tem
pestites, which are inappropriate to reconstruct paleocom
munities and their ecological parameters. Quantitative 
bulk samples from five of these shell beds are very similar 
to each other with regard to the fauna! composition of 
their most abundant taxa. We identified 129 morphospe
cies from more than 4200 individuals. Only thirteen of 
them can be considered to be abundant, because they con
tribute at least 1 % to the total abundance present in the 
five samples. In contrast to the fauna! composition of 

the most abundant taxa, species richness and the frequen
cy distribution (and their descriptive parameters) of shell 
sizes differ strongly between the five shell beds. A re
gression analysis identifies the diversity (measured as 
species richness) of the shell beds as functions of shell 
sorting: Badly sorted shell beds have higher species rich
ness than we ll sorted shell beds. The species richness pre
sent in Grund is therefore taphonomically controlled, 
because the sorting of the allochthonous shell beds is 
ruled by their transport history. 
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Paleogeography and sequence stratigraphy of the Northern Vienna Basin 

1
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Paleogeography and sequence stratigraphy of the Vi
enna Basin, similarly as other Western Carpathian Neo
gene basins, was heavily overprinted by tectonics during 
the Carpathian orogen collision with the European plat
form and evolution of the Pannonian back are basin. 

Southward migration of the Early Miocene depo
centers, followed by deepening in the northern part during 
the Middle Miocene is a common feature of basin pa
leogeography. These facts are in good agreement with 

tectonics controlling basin evolution: 
a) the Eggenburgian- Ottnangian transpressional tecto

nics led to piggy-back basin development on the top of 
the thrusted nappes of the Flysch zone belonging to the 
Western Carpathian accretionary wedge, as well as deve
lopment of the wrench fault furrow type basins in front of 
the paleoalpine consolidated part of the orogen, 

b) during the Karpatian and the Early Badenian tran
stensional tectonics control led formation of the pull
apart basin depocenters, 

Tlrne (Ma) Clvons 

. C5An 

C5Ar Serrava/lian 13.0 
Upper ,___ 

c) who le crustal extension led to graben and horst structue 
evolution in the Middle - Late Miocene. 

Sedimentary gap (hiatus) and erosion at the Early / 
Middle and Middle / Upper Miocene boundary can be 
recognized not only on the basin margins but often also in 
the basin fill. As good correlation levels in the Yienna 

Basin, similarly as in all Western Carpathian basins can 
be used: 
• Eggenburgian transgression (NN 2) ..... ca 20.5 My 
• Karpatian transgression (NN4, Uvigerina gracili

formis) ..... ca 17.5 My 
• Early Badenian transgress ion (NN5, Orbilina sutu

ralis) ..... ca 15. l My 
• Late Badenian transgression (NN6, Velapertina sp.) 

..... ca 13 .8 My 

• Early Sarmatian transgression ..... ca 13.0 My 
• Early Pannonian transgress ion ..... ca 11.0 My 

The Yienna Basin depositional pattern shows at least 
ten 3rd order sequence stratigraphy cycles (different in the 
individual depocenters) . The global sea level changes are 
accelerated or overprinted by regional tectonics and sedí-
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ment input (Fig. l ). The Miocene basin fill sequence strati

graphy 3rd order cycles were observed by geophysical and 
geological methods (seismic lines, logs, borehole cores, 

micropaleontology - paleoecology) in stratigraphical posi
tion : the Eggenburgian, Ottnangian, Early Karpatian, Late 
Karpatian, Early Badenian, ,,Middle Badenian", Late Ba

denian - Sarmatian, Sarmatian and in the Pannonian. 

Many seismic sections and borehole data (logs & 

cores) were analyzed to create sequence stratigraphic 

model of the Neogene sedi mentary fill of the Vienna Ba

sin. The erosional boundaries, truncations on seismic pro
files, and also angular unconformities documenting depo

centers movement can be observed as a result of tectonic 
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activity (Fíg. 2). There are good examples of prograding 

clinoform bodies in the upper Badenian highstand sys
tems tract (HST) sediments, parallel reflections of trans
gressive systems tract (TST) sediments with onlaps as 

well as downlap surface marking the maximum flooding 
surface (mfs) shown on Fíg. 3. 

Borehole data (logs & cores) were used for detailed 

analysis of lithology, sedimentology and paleoecology. 

There were identified general fining upward transgressive 
trends on log curves with mfs on the top, coarsening up

ward trends in prograding HST and LST sedimentary 
bodies and iso lated blocky patterns documenting erosive 

channel fill. 
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Neogene of the Vienna Basin and Alpine - Carpathian Foredeep 

KOVÁČ, M., HOHENEGGER, J., P ERVESLER, P. and HUDÁČKOVÁ, N. 

The workshop "Neogene of the Vienna Basin and Al
pine - Carpathian Foredeep" in Bratislava devoted to tec
tonics, biostratigraphy, paleogeography, paleoecology, 
eustatic and climatic changes during the Miocene was 
organized by the Department of Geology and Paleontol
ogy, Comenius University, Bratislava together with the 
lnstitute of Palaeontology and the Instítute of Geology, 
University of Vienna, and the Institute of Geophysics, 
University of Leoben during November 22 - 23, 2002. 

Al! contributions result from programs of the Austrian 
Science Fund FWF (Projects P 13743-BIO, P 13745-
BIO, P 13740-GEO, P- 15724-GEO and P 13738-TEC), 
the Slovak Grant Agency YEGA (1122, 1/7087/20, 
2/7215/20, 2/7068/2, 2/2074/2, 2/2074/22, 1/0080/03), 
KEGA 3/0108/02, the Czech Republík Grant Agency 
GAČR Nrs.: GACR 205/01/0085 and activities within the 

international research programs of the RCMNS, ESF -
EEDEN and Y4. 

The workshop attended 32 participants from Austria, 
the Czech Republic, and Slovakia. Problems in paleon
tology, sedi mentology and tectonics of the Alpine
Carpathian junction were discussed in a fruitful scientific 
atmosphere. Possibilities for cooperation on scientific 
topics concerning stratigraphy and paleoecology were 
outlined, especially the exchange of knowledge as well as 
persona) contacts. The definition of the Early / Middle 
Miocene boundary (Karpati an / Early Badenian) - studies 
are well progressed in Austria - was the most important 
task. At the end of the workshop all participants esti
mated that the main goals - to perform scientific activities 
and to give a base for common research in the participat
ing countries - were fulfilled. 
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Heavy Minerals in Alluvial Sediments of the Boca River 
(Nízke Tatry Mts., Slovak.ia) 
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Department of Mineralogy and Petrology, Faculty of Natural Sciences, Comenius University, Mlynská dolina, 
84215 Brati slava, Slovakia 

„ To whom correspondence shou ld be addressed: Martin Chovan, phone: +421 (0)2 60296298, email: chovan@fns.un iba.sk 
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Abstract. Mineralogical stud ies of pan-samples from the Boca Ri ver revealed a wide var iety of heavy miner
als. Anatase, apatite, arsenopyri te, barite, carbonates, cinnabar, epidote, garnets, gold, ch lorites, ilmenite, 
magnetite, micas, monazite, quartz, pyrite, rutile, scheelite, titanite, xenotime, zircon as well as anthropogenic 
material were identified. With the exception of cinnabar and scheelite, provenance oť all minerals can be as
signed to one or more rock complexes and/or ore mineralizations present in the drainage area of the Boca 
River and its tributaries. Alluvial gold reaches considerable concentrations and was actively exploited in the 
past. 

Keywords. heavy minerals, gold, alluvium, provenance, Nižná Boca 

Introduction 

The idea of studying heavy minerals in the Boca River 
alluvial sed iments was originall y spurred by our inves
tigations of ore minera lizations in the area of the Nižná 
and Vyšná Boca Villages (Smirnov, 2000). The objective 
of thi s study is to: a) characterize heavy minerals in allu
vial sed iments in a qualitative and quantitative manner; b) 
attempt to resolve the provenance of heavy minerals; c) 
map the area with preserved man-made features of allu
vial gold exploitation . 

Area Description 

The Boca Ri ver is located in the Bocianska dolina 
Yalley (Fíg. ! ), south of Liptovský Hrádok . The valley 
stretches in a general N-S direction with an approxi mate 
length of 17 km. The Boca Ri ver originates on the north
ern slopes of the Ďumbierske Nízke Tatry Mountains, 400 
m northeast of the Kumštové saddle. The longi tudinal 
profile and stream gradient for each kilometer of the Boca 
River is shown in Fíg. 2 and Fig. 3, respectively. The 
Boca Ri ver has a stream grad ient of 260 m/km (14.6°) at 
its headwaters with a gradual decrease to 6 m/km (0.3°) 
towards the mouth . The slope of the ri ver [0

] was calcu
lated as tan·' *( ,1y/x), where L1y is the altitude difference 
per I km of river (x). 

The Boca River 's headwaters cut through rocks of the 
Tatric crystalline basement. Its midd le and lower courses 
cut through the Late Paleozoic and Triassic rocks of the 
Hronicum tectonic unit (Fíg . J ). 

In the headwater area, the Tatric crystalline massiť is 
represented mainly by biotite to two-mica paragneisses 
and by granitite rocks of two types: the Ďumbier and the 
Krá l ička (Biely et al. , 1992). Other types of metamorphic 
rocks, such as garnet-biotite gneisses, orthogneisses or 
metaquartzites, are present to a lesser extent. The Ďum
bier-type granitoid is represented by biotite tonalities to 
granodiorites (metaaluminous 1-type granitoid) (Petrík et 
al., 1993). Cambel et al., (1990) calculated a crystalliza
Lion temperature of 670- 700 °C and age of -368±22 Ma. 
The Krá l ička-type granitoid is less abundant and was 
classified by Petrík et a l. , ( 1993) as peraluminous S-type 
granitoid with a crystall ization temperature of 670 - 690 °C 
and age of 365± J 7 Ma. 

The Yariscan Tatric basement is enveloped by Meso
zoic sequences. Preserved remains of the sedimentary 
cover are made up of Lower Triassic quartzites and sand
stones. The centra! part of the studied area is bui ll of a 
megastructu ra l, Alpine-formed, Hronicum unit, which 
consists of several nappes. Late Paleozoic volcano-sed i
mentary sequences (Upper Carboniferous - Permian in 
age) are represented by conglomerates, sandstones, silt
stones, shales, tholeiite basalts and andesites, tuffites and 
tuffaceous sandstones. Basa! complexes of the Hronic 
nappe are referred to as the Ipoltica Group and cons ist of 
the Nižná Boca and Malužiná Formations. Triassic se
quences are represented by sandstones and quartzites 
(Scythian), shales and sandstones (Carnian), gray and 
white dolomites (Amnesia- Norian), hauptdolomites (Car
nian-Norian) and Dachste in limestones (Norian) (Yozá
rová & Yozár, 1988; Bie ly & Bezák, 1997). 
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The dominant types of ore mineralization in the area 
are the hydrothermal quartz - carbonate veíns with Sb-Au 
mineralization, located in the Variscan Tatric basement, 
south of the Nižná Boca Village. Gold, and later stíbnite, 
were the main objects of exploitation in the 16th century 
at the Zach locality (Fíg. 1) where the terrain morphology 
is significantly affected by numerous remains after min
ing. Less intense gold exploitation took place at the 
Chopec mining field , west of the Vyšná Boca Vi llage. 
The most abundant minerals of this mineralization are 
pyrite, arsenopyrite, chalcopyrite, gold, stibnite and Pb
Sb sulfosalts (Smirnov, 2000). The gold is weathered out 
of its host rock and becomes part of alluvial sediments 
and was exploited as early as the 13th century. 

Siderite veins west and south of the Vyšná Boca Villa
ge (Stará Boca - Čertovica) were exploited in the 18

th 
and 

19th centuries. These veins stretch several kilometers to 
the north (localities Zach, Chopec) and occur together 
with Sb-Au mineralization in the rocks of the Tatric 
Basement. The dominant minerals of siderite minerali-

- -
I~--~. --~atric te:: t01íc urit 

L_,__ Hrone tectoríc uni 

Loca11on of pan~samples 

Aemains after goldpa nning 

E levation potnt 

OJd mines 

zatíon are: siderite, barite, quartz, pyrite, tetrahedrite and 
chalcopyrite. Cu(Bi ,Pb) sulfosalts are scarce (Ozdín & 
Chovan, 1999). 

Base metal mineralization is located in carbonate se
dirnents of the Hronic Nappe (Olovienka) north of the 
Malužiná Village. It comprises carbonate vein lets with 
galena and sphaleríte. 

Barite veíns were exploíted at the Doštianka Deposit, 
east of the Malužiná Víllage. Virtually monomineral ba
rite veins are hosted by volcano-sedimentary rocks of the 
Hronic Nappe. Occurrences of barite and quartz-carbona
te veins of lesser significance can be found in basalts of 
the Hronic Nappe at the Svidovo Quarry, west of the 
Malužiná Village. 

Methods and Material Studied 

To map the remains after gold panning, reconnais
sance trips on both banks of the Boca River were con
ducted and the results were plotted into topographic maps 
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Fíg. 2. Longitudinal profile of the Boca River. 

of l: 10000 scale [36-22-12 (N ižná a Vyšná Boca), 36-22-
07 (Malužiná), 36-22-17 (Čertov ica) and 36-22-02 
(Kráľova Lehota)]. 

Alluvial sediments of the Boca Ri ver were sampled 
for heavy minerals in the summer seasons of 1998 and 
1999. Samples NB-ŠI to NB-Šl5 were taken in approxi
mately I km steps between the Starobocianska dolina 
Valley and the Kráľova Lehota Village. Tributaries of the 
Boca Ri ver that drain the rocks of the crystalline Tatric 
basement were sampled within 0.5 to 1 km di stance from 
the confluence (to avoid conLamination of the tributary 
sample with possible fl ash flood or storm sed iments from 
the Boca Ri ver). These samples include: Kráľovská 

dolina (NB-KOI ); Joachymstahl ská dolina (NB-JOI ); 
Jedlinská (NB-JED 1 ); Za Pavčovým (NB-ZP 1 ); Dievči a 

voda (NB-DV 1 ); Pod vrch (NB-PV l ); Trojička (NB
TROl ); Kliesňová dolina (NB-KLl ) and Sklepská dolina 
(NB-SO1 ). 

The sampling depth varied between 40- 80 cm and 
was generall y limited by local bedrock and alluvium 
character. Preceding the standard panning procedure 
(H vožďara , 1980, Matu la & H vožďara , 1985), the sample 
was sieved on a 2-3 mm mesh sieve to achieve a total of 
~ 15 kg of alluvium materia l. 

In the laboratory, each sample was closely studied for 
fluorescent mineral s using an ultraviolet lamp (wave
length 254-366 nm) and the observations were compared 
with those compi led by Warren ( 1962) and Gleason 
( 1972). After the permanen tl y magnetic fraction was re
moved, the sample underwent a process of heavy liquid 

separation in tribromomethane (CHBr3, densi ty at 20°C = 
2.894 g/cm\ The resulting heavy fraction was electro
magnetically separated (separator fi. Cook) into paramag
netic and diamagnetic fractions. Both para- and diamag-

netic fractions were subsequently sieved into three size 
fractions (>0.5 mm; 0 .5-0.2 mm; <0.2 mm). Only the 
0.5-0.2 mm and <0.2 mm size fractions (in both para
and diamagnetic fractions) were optically studied using a 
binocular magnifying glass. Observations were compared 
to <lata summarized by Rost ( 1956). Each sample was 
quarted and the quantity of minerals was expressed as 
percents of a 200 gra in count except for cinnabar, 
schee lite and gold (expressed in number of grains). Thus, 
each sample yie lded data for fou r fractions (para- 0.5-0.2 
mm; dia- 0 .5-0.2 mm; para- <0.2 mm; dia-<0.2 · mm) 
(Hvožďara, 1980). 

SEM and BSE imaging techniques, as well as electron 
mícroprobe (WDS) analyses, were performed using JEOL 
JXA 840A microprobe anal yzer (CLEOM, Comenius 
Un iversity) . Analytic conditions for WDS analysis of gold 
were: 20 kV, 15 nA, ZAF and Phi-Rho-Z corrections, 
standards: Hg - HgS, pure metals Au, Ag, Cu, Sb, Bi , Te 
and Fe. 

Results 

Morphologically distinct, knoll -shaped remains after 
gold panning from past exploitation (Bergfest, 1952) (Fig. 
4) were observed along the to tal IO km distance between 
the Nižná Boca and Kráľova Lehota Vi ll ages (Fig. 1 ), 
with the highest concentration of knoll s at the contluence 
of the Boca River and the Michalovský potok Brook . This 
is in good agreement with the morphology of the river 
vall ey (Figs. 2, 3). Decreasi ng stream gradient directly 
influences (lowers) stream velocity and overall energetics 
of the stream - allowing the stream to depos it its load 
(Abbot, 1999). In this area, alluvial sediments with suffi 
cient gold content were subjected to intensive exploitation 
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Fig. 4. Remains after gold panning located at tlie confluence oj the Boca River and the 
Michalovský potok Brook. 

by means of gold panning. The size of the knol ls varies, 
but their height rarely exceeds 3 m and volume of few 
cubic meters 

On the left bank of the Boca River, near the confluence 
with Kráľovská dolina Brook, numerous go ld panning re
mains are visible on the ancient river terrace. They spread a 
distance of - 1 km towards the Malužiná Village. 

Anatase 

Anatase occurs rarely in the d iamagnetic fraction. 
Only a few we ll-preserved euhedral crystals with tetra
gonal-dipyramidal habitus and striated faces were ob
served . Grain color varies from indigo-blue to dark blue 

with sub-metallic luster. Possible source rocks of ana
tase are igneous and/or metamorphic Tatric complexes 
(Biely & Bezák (eds.), 1997) and to a lesser extent 
sedimentary and/or volcano-sedimentary suites of the 
Hronicum unit (Vozárová & Vozár, 1988) . 

Anthropogenic Material 

Admixtures of various anthropogenic materials are 
present in all samples, predominantly in the paramagnetic 
and permanently magnetic fraction. Iťs typically of black 
color, with varying shape and sub-metal lic to metallic 
luster. Anthropogenic material is presumably introduced 
from municipal waste and/or road maintenance. 
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Apatite 

Apatite is very abundant and occurs in the diamag
netic fraction of all samples. Euhedral crystals occur in 
two forms : short stubby and long slender. The latter usu
ally forms prisms with simple pyramída] termination. 
Fragments of crystals are also frequently present, mostly 
of irregular shape. A considerable amount of grains ex
hibit rounding and scratched faces. Cleavage is poor. 
Bigger grains contain various inhomogeneities. Apatite is 
usually colorless, but white, bluish and grayish colors 
were also observed. Color variations are caused by ad
mixtures of various chemical elements (Mange & Mauer, 
1992). A maximum apatíte content of 79% was found in 
sample NB-Š3 (the Boca River) (Fíg. 5). The sample 
from the Sklepská dolina Valley (NB-SD l) contained 
57% of apatite. 

Potential source rocks of apatite are crystalline rocks 
of the Tatric unit in the headwater area (Biely & Bezák 
(eds.), 1997), and to a lesser extent Paleozoic sequences 
of the Hronic unit (Yozárová & Yozár, 1988). 

Arsenopyrite 

There is a scarce occurrence of arsenopyrite in the 
diamagnetic fraction. Arsenopyrite from the Boca River 
forms euhedral crystals of prismatic habitus sometimes 
with characteristic striation. Jt possesses typical tin-white 
to steel-gray color and high metallic luster. Arsenopyrite 
was found in hydrothermal siderite and Sb-Au mineraliza
tions (Ozdín & Chovan, 2000; Smimov, 2000). 

Barite 

Barite is abundant in the diamagnetic fraction of all 
samples (Fíg.S). 

The most habitus is irregular or rectangular (tabular). 
The latter is caused by excellent { 001 } cleavage. Barite 
grains have milky-white, yellowish-white, grayish-white 
or brownish-white color and vitreous (glassy) luster. 
Color variations can be caused by thin Fe-oxyhydroxides 
coatings. Fe-oxyhydroxides fill tiny cracks in barite grains 
as well. Frequently, barite is overgrown with quartz, py
rite and/or Fe-oxyhydroxides. 

Barite content in samples from the Boca River varies 
from 2 to 93% (Fíg. 5). Rost ( 1956) stressed that because 
of the excellent cleavage, barite is incapable of transport 
for very long distances. The barite content of the samples 
steadily increases, suggesting barite sources along the 
entire Boca River. Potential barite sources in the headwa
ters are siderite and, to a lesser extent, also Sb-Au miner
alizations (Ozdín & Chovan, 2000; Smimov, 2000). In 
the middle and lower course, the possible sources are nu
merous barite veins occurring in the Hronic unit (Ferenc 
& Rojkovič, 2001; Friedl, 1987; Turan, 1962). 

Carbonates (undistinguished) 

Carbonates are in both dia- and paramagnetic frac
tions . In the diamagnetic fraction , carbonate grains are 
usually irregularly angular, rectangular cleavage frag-
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ments or tabular. Euhedral rhombohedra were scarcely 
present. Perfect cleavage was observed in a majority of 
grains. Color varies from colorless to white, light-grayish 
and light-brownish to white with vitreous luster. Fe
oxyhydroxides coatings were rarely observed. The eon
tent of carbonates in the diamagnetic fraction does not 
exceed 3%. Because of their presence in this fraction, 
these carbonates are probably of calcite or dolomite com
position. 

In the paramagnetic fraction, the carbonate content 
does not exceed 5%. The grains are usually variously 
rounded rhombohedral crystals and fragments with gray
ish to yellow-brown color and glassy luster. The surface 
of the grains is frequently covered with thin Fe-oxy
hydroxide coating owing to the higher Fe content of the 
carbonate. 

The perfect cleavage and low hardness results in low 
resi stance to river transport (Rost, 1956) and explains 
the low content of carbonates in the Boca River. The 
dominant sources of carbonates are the Mesozoic se
quences in the middle and lower course of the Boca 
River. Ore mineralizations : siderite (Ozdín & Chovan, 
2000); barite (Friedl , 1987; Turan; 1962); Sb-Au (Smir
nov, 2000) can be considered a minor source of carbon
ates in the alluvium. 

Chlorite group (undistinguished) 

Minerals frorn the chlorite group are frequently pre
sent. The chlorite content in sarnples varies greatly, pre
surnably due to the Fe content and/or separation rnethods 
(tribrornomethane quality, electric current setting during 
electromagnetic separation). 

Chlorites usually form thin tlaky plates of round, oval 
or irregular shape; sometimes with curled margins. 
Pseudo-hexagonal euhedral crystals are scarce. Chlorites 
have excellent cleavage and their platy crystals are elastic. 
Typically greenish to gray- and brown-green in color with 
pearly luster. The samples usually contain up to 2% and 
12% in dia- and paramagnetic fraction, respectively. 
Sources of chlorites can be some or all of the following: 
a) hydrothermally altered wall rocks of ore mineraliza
tions (Ozdín & Chovan, 2000); b) primary minerals 
and/or weathering products of primary minerals in both 
Hronic and Tatric Units (Biely & Bezák (eds.) ( 1997), 
Friedl (1987), Yozárová & Yozár ( 1988); c) post
volcanic mineralization in the basaltic rocks of the Hronic 
Unit (Friedl, 1987). 

Cinnabar 

Usually forms irregular, variously rounded grains with 
no visible cleavage. It typically has typical cherry-red, 
brownish-red or light-red color with a highly glassy luster. 

Cinnabar is a regular admixture in the diamagnetic 
fraction of samples, occurring in the Boca River in 
quantities varying from 3 to 35 grains. lt is also present 
in samples from the Boca River's tributaries (X grains 
per sample) with the exception of the Kráľovská dolina 
Yalley. 
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Fíg. 5. Contents of selected minerals in pan-samples from the Boca River sediments (-0.5+0.2; -0.2 mmfractions). 

Epidote group (undistinguished) 

Minerals of this group (zoisite, epidote, pumpellyite) 

are usuall y colorless or of greenish to brownish color. 

They can occur in paramagnetic fraction as short stumpy 

prisms, needle-shaped crystals, tabular and platy frag

ments, but mostly as various ly rounded and irregular frag

ments. Epidote content in the Boca River gradually 

increases towards its mouth , which implies an increasing 

abundance of its source rocks. 

In the Boca River's upper course, the dominant 

sources are the rocks of the Tatric crystall ine; while in the 

middle and lower course, epidote is an important con

stituent of post-vo lcanic mineralizations in basaltic rocks 

of the Hron ie Unit (Friedl , 1987). 

Garnet group (undistinguished) 

Abundant in the paramagnetic fraction, usually occurs 

as isometric sub-rounded to rounded grains and irregular 
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Fig. 6. Gold content in pan-samples from the Boca River sediment s as a function oj transport length. 

sharp fragments with a typical glassy luster. Crystal faces 
are often scratched. Euhedral crystals are rare. Color var
ies from pink and red to brownish-red and yellowish
brown. Gamet content in the Boca River varies from 1 to 
45%, while contents in its tributaries are between 7 and 
89% (the Dievčia voda Valley). Garneťs source rocks are 
located mostly in the· upper course of the Boca River 
(crystalline rocks of the Tatric Unit) . This is in agreement 
with the decreasing gamet content in the river towards its 
mouth (Fig. 5). Gamet is also present in sedimentary 
and/or volcano-sedimentary rocks of the Hronic Unit 
(Yozárová & Yozár, 1988). 

Gold 

Gold is a regular constituent of most samples (Fig. 6). 
Gold from the Boca River has typical gold-yellow color; 
often varying to orange, mustard-yellow, reddish or yel
lowish white. 

Its surface is occasionally coated with Fe-oxyhydro
xides and often shows marks (scratches, prints, dents) 
indicating mechanical damage during the transport. The 
surfaces of all gold grains studied by SEM and BSE 
methods are porous. In 88-100% of gold grains, the pores 
were distributed evenly, while in some cases, elevated 
concentrations of pores were detected in vicinity the 
grain's rim. Most pores are of isometric shape and are a 
maximum 2 µm in size. 

A majority of gold grains are rounded to a various de
gree (Fíg. 7, 8, 9). There is no distinct correlation be
tween the roundness of grains and the length of transport. 
Depending on the sample, approximately 30-70% of gold 

grains were overgrown with quartz (Fíg. 1 O) . The per
centage of gold/quartz overgrowths does not decrease 
towards the mouth. Overgrowths with pyrite are rare. 

The morphology of gold shows extensive variations. 
For the purpose of this study, all gold grains were as
signed to one of three categories: flakes, nuggets or 
branching nuggets according to the ratio of the a, b or c 
dimensions. Flakes are the most frequent shape of gold 
partie les (Fig. 11) and usually don 't overgrow with 
quartz or pyrite. We didn't observe any distinct rela
tionship between the gold particle shape and the dis
tance of travel because the quantity of gold grains in 
samples from the headwaters (NB-Šl4, 15) and from the 
mouth of the river (NB-Š6, 8, 9, 10) do not allow for a 
reliable statistical evaluation. However, a few trends can 
be established: a) the number of flake-shaped gold 
grains generally increases towards the mouth; and b) the 
number of nuggets and branching nuggets reaches its 
maximum in the middle course of the Boca River and 
then decreases gradually. 

To assess features that indicate instability of Au-Ag 
alloys in an oxidizing aquatic environment, close atten
tion was paid to compositionally different phases in the 
BSE images. The percentage of gold grains with " inclu
sions" (isolated, compositionally- different areas with 
higher/lower fineness) was observed to increase with the 
distance of travel. Gold-rich ríms (Fig. 12) are abundant, 
generally I to 20 µm thick and may contain elevated con
centration of pores or sponge-like structures. The per
centages of gold-rich ríms were also observed to increase 
with the travel distance, thus proving the tíme dependence 
of the Ag-leaching process . 
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Fíg. 7. Highly deformed (jormerly flake-shaped) gold particle 
(NB-ŠB). 

Fíg. 8. Well-preserved gold particle, minímally rounded by the 
river transport (NB-Š2). 

Fíg. 9. Completely rounded wire-shaped gold grain (NB-Š7). 

Au:Ag ratio of gold grains varies between 2 .1 
(65.8:30.5 wt.%) and 70.6 (94.6: 1.34 wt.%). The true 
fineness (FT) values range between 683 and 986. As a 
consequence of simil ar lattice constants of gold and si l
ver, a strong corre lation exists between Au and Ag con
tent. Hg content is slightly elevated (up to -2.2 wl. % ) 
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Fíg. IO. Rounded go/d grain overgrown with quartz. (NB-Š4). 

Fíg. 11 . Wel/ -rounded, flake-shaped gold grain (NB-Š2). 

Fíg. 12. Example oj wel/-developed gold-rich rím 011 al/uvia/ 
go/d grain (NB-ŠJ). 

with the exception of one gold grain contain ing 22 .83 
wt. % of Hg. This anomalously high Hg concentration is a 
result of amalgamation process. The concentration of 
other analyzed elements (Fe, Sb, Bi, Te, Cu) does not 
exceed 0.95 wt.%. Representative WDS analyses of gold 
are in Tab. 1. 
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Tab. 1. Representative WDS analyses oj gold jrom the Boca River. Analysis ( 1) represents gold grain with anomalous 
Hg content. Analyses (2a) and (2b) represent homogenous gold grain and analyses (3a) and (3b) go/d grain with gold
rich rim sample No. NB-Š-3 ??? (note the differences in F.,.). • - because oj the high Hg content, Fr calculated as 
Aul(Au+Ag+Hg) x 1000. 

Analysis (!) (2a) 

Location rim core 

Fe 0.48 0.22 
Te 0.25 O.O! 

Sb o 0.14 
Ag 6.93 2.67 
Hg 22.83 2.13 
Au 66.18 93.74 

Cu 0. 13 O. IO 

Bi 0.55 0.51 

I 97.35 99.50 

FT 690 . 952* 
Formula Auo.s,Ago.n Hgo.11 Auo_93Agu_o5Hgu_o2 

The gold distribution in the Boca River is úneven, 
primarily govemed by the location and availability of 
primary sources. The second important influence is the 
morphology and profile of the Boca Valley (Fíg. 2, 3). 
Low gold content in headwater samples is primary caused 
by a limited (or none) number of primary occurrences, as 
well as by unsuitable depositional conditions (high stream 
velocity, a narrow valley). The gold content in samples 
then generally increases from sample NB-Š 13 to sample 
NB-Š3. This feature correlates well with valley morphol
ogy (the valley broadens and stream velocity decreases), 
as well as with more abundant primary sources: mine 
fields Chopec (SE of V. Boca) and Zach (E-NE of N. 
Boca) had both been exploited for gold (Bergfest, 1952) 
and recent studies confirrn the presence of gold at these 
localities (Ozdín & Chovan, 2000; Smirnov, 2000). Low 
gold content in samples from the Boca River's lower 
course (NB-Š4 - IO) can be explained by a large distance 
from the golďs primary sources, even though the mor
phology would favor a sedimentation process. The gold 
content in the Boca River's tributaries is generally low, 
varying from I gold grain/sample (NB-KD 1, NB-JO 1, 
NB-JE 1) up to 12 gold grains/sample (NB-SD 1 ). 

llmenite 

Ilmenite is present in the paramagnetic fraction of al! 
samples in the form of anhedral grains and fragments, 
usually with sharp edges. Euhedral tabular crystals are 
rare. Ilmenite possesses a characteristic black color with 
bluish tint and high metallic luster. The surface is often 
coated with the weathering product of ilmenite, leuco
xene, which is of white to grayish color. The ilmenite 
content in the Boca River samples varies from 1 % to 
48% and gradually increases towards the mouth (Fíg. 5). 
The latter indicates the presence of the source rocks all 
along the Boca River. The paramagnetic fraction of the 
Kráľovská dolina Yalley sample contains 78 % of ilmen
ite . llmenite was found as an accesso ry mínera! in both 
Králička- and Ďumbier-type granitoids (Biely & Bezák 

(2b) (3a) (3b) 

rim core rim 

0.23 0.30 0.03 
O.O! 0.15 0.07 
0.16 0.17 O. IO 
3.09 28.29 1.34 
2.22 0.95 1.04 
94.73 69.06 94.64 
0.11 0.1 l 0.11 
0.57 o 0.40 

100.77 99.02 97.73 
947* 709 986 

Auo_92Ago.00Hgu_o2 Auo.s1Agu_43 Auo_97Agu_o3 

(eds.), 1997). It is fairly abundant in sedimentary and/or 
volcanic rocks of the Hronic Unit (Vozárová & Yozár, 
1988). 

Magnetite 

Magnetite is present in the ferro-magnetic fraction of 
every sample. It usually occurs as sub-rounded to rounded 
grains and rarely as euhedra I cubic crystals . The Boca 
River's magnetite possesses a typical black color and high 
metallic luster. The surface is often covered with weath
ering products - Fe oxyhydroxides ("limonite") that can 
also fill the fissures and cracks on the magnetite surface. 
It occurs in the ferro-magnetic fraction along with mag
netic anthropogenic material and it is distinguishable only 
with difficulty. Due to the negligible significance of mag
netite, its content in samples wasn't evaluated. 

Micas (undistinguished) 

Micas are a very common admixture of both para- and 
diamagnetic fractions of all samples. Due to the Fe eon
tent and/or separation methods (tribromomethane quality, 
electric current setting during electromagnetic separa
tion), mica content in samples varies greatly. Micas occur 
invariably as { 001} basal plates (very good cleavage), 
usually with a round, rarely irregular or pseudo-hexagonal 
outline. They usually have white, gray or silver-white 
color with a green or brown tint (presumably due to the 
elevated Fe content) and vitreous to glassy luster. Over
growths with quartz and chlorites are common. Maxima] 
mica content of samples from the Boca River is 38% in 
the diamagnetic fraction and 12% in the paramagnetic 
fraction (sample NB-Š 15) . Generally all rock types (with 
the exception of sedimentary carbonates) in the drainage 
area of the Boca River can be considered source rocks of 
micas (Biely & Bezák (eds), 1997). Muscovite was also 
described from wall-rock hydrothermal alteration zones 
of siderite mineralization in the Vyšná Boca area (Ozdín 
& Chovan, 2000). 
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Monazite 

Monazite is an accessory admixture of most samples. 
Iťs yellowish to yellow-brown (honey-like) grains are 
usually well rounded, egg-shaped or spherical. Anhedral 
to subhedral crystals are rare. lts identification is some
what problematic, because its rounded grains can be mis
taken for titanite. Broska & Si man ( 1998) and Biely & 
Bezák (eds.) (1997) described accessory monazite from 
granitoid and metamorphic rocks of the Tatric Unit. 
Monazite, probably hydrothermal in origin, was described 
from veporic tectonic unit (Hvožďara, 1980, 1999). The 
Hronic Unit (Vozárová & Yozár, 1988) can be consid
ered a minor source of monazite. 

Pyrite 

Pyrite is a very common admixture of all samples. In 
diamagnetic fractions, pyrite usually forms euhedral to 
subhedral hexahedrons, pyritohedrons (a dodecahedron 
with pentagonal faces) and various crystals with combina
tions of these forms. Well-rounded grains and crystal 
fragments are also common. Cubic faces often show stria
tion parallel with the edges. The surface of pyrite crystals 
is often affected by oxidation in aquatic environments -
typically pale to dark brassy-yellow color is changed to a 
red, red-brownish color. Thin coatings of oxyhydroxides 
("limonite") were often observed on the surface of the 
grains. It readily dissolves in hydrochloric and nitric acid. 
In paramagnetic fractions, pyrite forms predominantly 
anhedral, rounded grains, partly or entirely changed into 
"limonite". 

Pyrite distribution in both fractions is generally equa
ble. Both fractions show an elevated pyrite content in the 
headwaters of the Boca River. This correlates with nu
merous outcrops of ore veins (Sb-Au, siderite) and their 
wall-rock alteration zones in the area (Ozdín & Chovan, 
2000, Smimov, 2000), which are also predominant do
nors of pyrite. Other possible donors include: accessory 
pyrite in crystall ine rocks of the Tatric unit and volcanic 
rocks of the Hronic unit (Biely & Bezák, 1997); barite 
mineralization (the Svídovo Quarry, Malužinská dolina 
Yalley); and Pb-mineralization (Malužiná-Olovienka). 

The Boca River's tributaries contain 3-30% of pyrite 
in both para- (Fíg. 5) and diamagnetic fractions (samples 
from Dievčia voda Valley (NB-DV I) and Joachymstáhl
ska dolina Yalley (NB-JO 1 ), respectively) . 

Quartz 

Quartz is a regular constituent of every sample . Eu
hedral crystals are scarce. It usually forms anhedral grains 
and variously rounded fragments of milky-white to gray
ish color. Fe-oxyhydroxide coatings on the surface may 
intluence its color. Overgrowths with chlorites, micas, 
pyrite or gold are common . Quartz content in samples 
varies due to the separation methods - especially tri
bromomethane quality. Fe-oxyhydroxide coatings are also 
of considerable importance during the electromagnetic 
separation . 
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Rutile 

Rutile is a regular accessory mínera! in all samples. It 
occurs mostly as variously rounded grains and fragments; 
non-rounded grains are usually euhedral crystals with 
well-developed pyramída! terminations or slender prisms. 
"Knee shaped" twins (Fig. 13) were rarely encountered. 
Its color varies from deep-blood red and brownish-red to 
brownish-black and black. Adamantine to sub-metallic 
luster is typical. 

The distribution of rutile in the Boca River is gener
ally even. Samples from the Za Pavčovým Valley (NB
ZPI) and Sklepská dolina Yalley (NB-SDI) contain 10% 
and 8% of rutile, respectively. Major donor rocks of rutile 
are igneous and/or metamorphic rocks of the Tatric crys
talline basement. 

Scheelite 

Scheelite is very rare in the Boca River and occurs 
irregularly in quantities as low as a few grains per sample. 
No scheelite we were found in the Boca River's tributar
ies. Its grains are well rounded; possess milky-white color 
and an adamantine to greasy luster. Characteristic blue 
tluorescence in UV light (Warren, 1969; Gleason, 1972) 
was observed. 

Titanite 

Titanite is an accessory mineral in most of samples. 1t 
forms irregular grains of yellow-brown to brown color, 
sometimes with observable cleavage. Color and luster of 
its rounded grains can be mistakenly identified as mona
zite or xenotime. The major sources of ti tanite are crystal
line rocks of the Tatric Unit (Biely & Bezák (eds .), 1997). 

Xenotime 

Xenotime is very scarce, with only a few we ll
preserved euhedral crystals with tetragonal-dipyramidal 
habitus found . lts color is yellowish with vitreous to res
inous luster. Its content in samples is presumably higher, 
since it can be mistakenly identified as monazite, or even 
zircon and titanite (Mange and Mauer, 1992). Accessory 
xenotime was described from granitoid and metamorphic 
rocks of the Tatric Unit (Biely & Bezák (eds.), 1997). 

Zircon 

Zircon is present in diamagnetic fraction of al! sam
ples. It typically occurs in a vast variety of well-defined, 
euhedral prismatic crystals with pyramída! termination 
(Fíg. 14), owing to its hardness and high chemical stabil
ity (Nickel (ed.), 1973). The length of crystals (along 
c-axis) varies from <0.05 to -1 .5 mm. Fragments of eu
hedral crystals and sub- to well-rounded grains are rare. 
Generally, rounding is more advanced on larger grains. 
The color varies from deep red and pinkish to orange and 
even colorless varieties . Luster is adamantine. No lumi
nescence in UV light was observed. 



A. Smirnov a11d M. Chovan: Heavy 111i11era/s i11 al/11via/ sedimellls ... 

The zircon content in the Boca River varies between 1 
to 14% and it gradually decreases towards the mouth (Fig. 
5). Samples from some Boca River's tributaries, such as 
the Dievčia voda (N B-DV 1) and Sklepská dolina (NB
SD 1) Yalleys contain 36% and 28% of zircon, respec
tively. Zircon is a common accessory mínera) in granitoid 
and metamorphic rocks of the Tatric Unit (Broska & 
Uher, 1991 ). Vozárová & Vozár ( 1988) described acces
sory zircon from Late Paleozoic Hronic complexes pre
sent in middle and lower course of the Boca River. 

Discussion and conclusions 

Mineralogical research of heavy minerals in the Boca 
River showed the presence of 21 minerals and mineral 
groups. Cinnabar in a primary hydrothermal mineraliza
tion has never been described neither in the studied area 
nor in any other primary occurrence in the Nízke Tatry 
Mountains. However, it was described by Chovan et al., 
(1995) in alluvial sediments in the Magurka Deposit area 
with highest concentrations in the Rišianka Valley. Its 
pri mary occurrences can be presumably assigned to circu
lation of low-temperature fluids in areas of relatively 
young tectonic activity. 

Scheelite, though never described in its host rock in 
the Boca River's drainage area, has been found at numer
ous localities in the Tatric and Veporic units (Hvožďara, 

1985). Scheelite impregnations in paleobasalts and am
phibolites and in quartz veins are present at W-Au deposit 
Jasenie - Kyslá (Pulec et al., 1983 ). Quartz-scheelite 
veins in metamorphic rocks of the Tatric unit are present 
at the Sb-Au Dúbrava Deposit (Čillík et al., 1979, Chovan 
et al. , (ed.) 1994). Analogical source rocks are presumed 
in the studied area. 

The find of cassiterite, identified by spectral and XRD 
analyses by Linkešová & Čillík ( 1979), remains specula
tive. Content of cassiterite in pan-samples varies between 
x and xx grains. Its possible source is unknown, neverthe
less Linkešová & Čil lík (1979) suspect its linkage to bod
ies of porphyric granites. 

Content of micas and chlorites (a.k.a. layered si li 
cates) is only orientational, because during the sample 
preparation, these tend to disintegrate into several daugh
ter flakes (Dill, 1998) that introduce errors in the statisti
cal evaluation. 

We observed no carbonate and/or sulfide anomalies in 
our samples. This implies that siderite- and base metal 
mineralizations have virtually no effect on the mínera] 
content of the alluvium compared to the influence of sur
rounding Mesozoic carbonate complexes. 

Gold was actively mined in the Nižná and Vyšná Boca 
surroundings and also gleaned from the Boca River 
(Bergfest, 1952). Morphological evidence of mining of 
alluvial gold in the Boca Valley was found and docu
mented. It was found that the highest concentration of 
remains after gold panning is at the confluence of the 
Boca River and the Michalovský potok Brook, between 
the villages of Malužiná and Kráľova Lehota. However, 
the highest gold counts were obtained from samples be
tween Nižná Boca and Malužiná (samples NB-Š2, 
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NB-Š3). These results are in very good agreement with 
morphology of the Boca Valley. Gold grains from the 
Boca River exhibit signs of mechanical damage 
(scratches, deformations, indentations) and rounding 
processes. However, we observed neither distinct correla
tion between the roundness of gold grains and di stance of 
transport, nor decreasing number of overgrown gold 
grains (quartz) with increasing transport distance. These 
correlations were observed at numerous localities (e.g., 
Groen et al., 1990; Bakos & Cho van, 1999, Knight et al., 
1999, Bahna et al. 2001 ). Flakes (not overgrown with 
quartz or pyrite) were found to be the most frequent parti
cle shape. Our results suggest that the percentage of flake
shaped gold grains increases and the percentage of nug
gets and branching nuggets decreases with increasing dis
tance of transport. lt is important to point out that our 
results can be biased because of small quantities of gold 
grains in several samples from the Boca River (NB-Š 15, 
14, 6, 8, 9, IO). 

Gold-rich rím formation was observed on gold grains 
from the Boca River and the number of gold grain with 
this feature was found to increase with transport distance. 
Models summarized by Groen et al., ( 1990) suggest the 
formation of gold-rich rims by hydrometallurgical, self
electrorefining processes driven by electromotive force 
(EMF) between two different metals in a solution whose 
Eh is higher than that in which the alloy is stable. 

Elevated Hg content in some alluvial gold grains (up 
to -2.2 wt.%) and one grain with 22.83 wt.% of Hg con
firm historic reports (Bergfest, 1952) that mention the use 
of amalgamation process to extract gold from the ore. 
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The carbonate rocks of Kozani area (NW Greece) in regard to certain 
industrial applications 
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Abstract . The suitability of Kozani 's broader area carbonate rocks for use in industria( applications is exam
ined on the basis of their mineralogical , chemical and technical features. The studied carbonate rocks belong 
to the Pelagonian zone and are represented mainly by pure limestones with minor dolomites and dolomitic 
limestones. Examination conceming their insoluble residue, organic matter and whiteness together with their 
mineralogical and chemical composition sati sfy specific requirements for use in certain industria( applica
tions. As it was resulted, nearly all carbonate formations, except some of the Siatista formations and the 
dolomitic or dolomite containing formations of Vermion, satisfy_ the requirements for paint industry. Three 
formations (one from Vermion, one from Kozani and one from Vourinos) are suitable for paper industry. 
Only the Siatista carbonate rocks can be used in rubber industry. The most suitable rocks for tlue gas desulfu
risation are one formation from Siatista and one from Vermion. Finally, all the dolomitic formations of the 
area meet the requirements for fertili ser industry. 

Key words: North western Greece, carbonate rocks, dolomite, industria/ applications. 

lntroduction 

General 

Naturally occurring carbonate rocks, which include 
limestones, marbles and dolomites, are extremely impor
tant natural resources finding widespread applications and 
thus being placed among the most important raw mate
rials . This is due to their application in many uses usually 
after mechanical and/or chemical treatment. The main use 
of limestone as crushed stone is in constructions, main ly 
as an aggregate and filler, providing strength and hard
ness, idea! particle shape and resistance to weathering. 
Limestones along with marbles are used as decorative 
stones because they show idea! colors and mechanical 
strength. In addition , significant amounts of limestone are 
used in the metal refining, in the tlue gas desulfurisation 
and as inert fillers extending further in numerous in
dustria! products (i. e. paper, paint, glass, plastic, etc), 
(Boynton, J 980, Pentarakis, 198 J, Laskaridis, 1994, 
Oates, 1998, Tsirambides, 2001 ). Dolomite is the raw 
material for the production of MgO and it is necessary to 
alloys, paints and developed products. It is used in de
sulfurisation of iron and steel, in the manufacture of spe
cial cements, refractories, pharmaceuticals , glass industry, 
ferti lizers, etc. Carbonate rocks are finally used in chemi
cal industry for the production of Mg(OHh and chemical 
MgC03 (Anani, 1984, Tsirambides, 1996). The carbonate 
rocks often contain impurities which depending on the 
frequency of their appearance and contribution into the 
rock , can affect their exploitation (Katerinopoulos & 
Stamatakis, 1995). 

Greece is a country with many carbonate formation s. 
Having marble production equal to 2,05 mi ll ion tones 
possess the third place in the European Union and the 
eighth in the world. It is estimated that the deposits of 
dolomites in Greece are about 10 mi ll ion tones whi le the 
deposits of limestones and marbles are vinually unlimited 
(Laskaridis, 1994, Tsirambides, 1996). 

In this paper some of the mosť significant carbonate 
rock formations of Kozani area (NW Greece) are minera
logically, chemically and technologically studied in order 
to determine their suitability for several industria! appli
cations, as in paper, paint and rubber industry, as well as 
in tlue gas desulfurisation and in fertilizers industry. It 
must be mentioned that the carbonate rocks of Kozani 
broaded area have stimulated recently the strong interest 
of several researchers concerning their potential use in 
industry (Laskaridis, 1989, Laskaridis, 1994, Laskaridis, 
1996, Laskaridis, 2000, Dagounaki , 2001 ). 

Geological Setting 

Geotectonically, the broader area belongs to the Pela
gonian zone. The crystall ine unit of the Pelagonian pre
Upper Carboniferous basement includes a series of meta
morphic rocks intruded in several places by large masses 
of Upper Carboniferous granites. Two separate carbonate 
covers were deposited on the margins east and west of the 
Pelagonian zone during the Triassic-Jurassic. The cover 
of the eastern margin is a neritic carbonate sequence 
which thrusted westward onto the Pelagonian crystalline 
basement in the Late Jurassic-Ea~ly Cretaceous. The 
autochthonous neritic carbonate cover of the western Pe-
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Figu re 1. Ceological sketch map oj the Kozani broader area and swnple locations. 

1 = Limestones-marbles, 2 = Metamorphic rock.s, 3 = Íf?neous rock.~. 4 = Flysch, 5 = Alluvial deposits, 

6 = Polyfytos lake, 7 = Kozani prefecture borders, 8 = Obduction, 9 = Sample /ocations. 

lagonian margin was deposited on the Upper Paleozoic 

metaclastics (Mounti:akis, 1984, Mountrakis, 1986). Big 

ophiolitic complexes were obducted on the Triassic

Jurassic carbonate formations of the Pelagonian zone. 
Ophiolites are overlained by Middle-Upper Cretaceous 

sediments and Earl y Paleocene flysch deposits 

(Mountrakis, 1985). 
Two metamorphic events are inferred, a pre-Upper 

Carboniferous metamorphism of mainly upper greenschist 

facies which affected the crystalline basement and a post
Jurassic which resulted in a weak, low-grade greenschist 

fabric in the Upper Paleozoic and Mesozoic rocks 

(Mountrakis, 1984, Mountrakis, 1986, ance, 1981 ). 

Materials and methods 

Representative carbonate samples were collected from 

the wholc area of Kozani prefecture (Fíg. 1). Samples 

S-MI and S-SI were col lected from the formations near 

the town of Siatista. Samples 8-SE, B-ME and B-ZP 

derive from carbonate formations of the Vermion 

mountain. Samples K-RY, K-DR and K-AM were 

collected from carbonate formations near the town of 

Kozani . Samples BO-BI, BO-TZ, BO-PA I and BO-PA2 

belong to the quarried limestone formations of Vourinos. 
Thin sections were prepared for microscope examina

tion in order to examine their texture and mineralogical 

composition. Part of each carbonate sample was ground 

in an agate mortar for X-Ray Diffraction (XRD) ana lysis, 

as well as for chemical and whiteness determinations. 
XRD ana lyses were performed using a Phillips type dif

fractometer with Ni-filtered CuKá radiation. Randomly 

oriented samples were scanned over the interval 3-63° of 

2č at a scanning speed of 1.2°/min. Semi-quantitative es

timation of the abundances of the minerals was made 

from the XRD data. 
Chemical ana lyses of the rock samples were perfor

med by Atomic Absorption Spectrophotometry (AAS) 

using a PERKIN-ELMER 5000 apparatus. Ground samp

les were heated at 450° C for two hours in order to 

remove the organic matter and were treated by I HCl 

solution for the determination of the insoluble residue and 

its mínera! content. Finally, pe llets of 5 cm diameter and 

0.5 cm thickness were prepared from the ground samples 

and their whiteness were measured using a DIFFUSION 

SYSTEMS, Model 99 spectrometer. 

Results and discussion 

Macroscopically, the studied carbonate samples di s

play a di stinctive variation in color and appearance. Sam

ples S-Ml, S-SI, B-SE, B-ME and K-DR are dark gray 

with white veinlets, samples K-RY and BO-PA2 are light 

gray and samples B-ZP, K-AM, BO-B I, BO-TZ and BO

PAJ are white in color. Microscopic examination of thin 

sections revealed a coarse-grained holocrystalline texture-
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for 8-ZP. K-AM, BO-81 , 8O-TZ, 8O-PAJ and 8O-PA2 
and a micritic texture for S-Ml, B-ME, K-RY. Finally, the 
S-SI, 8 -SE, K-DR are consisted of medium and coarse 
grains, often tectonized. 

The mineralogical composition (semi-quantitative de
termination by XRD) of the samples is shown in Table 1. 
The majority of the samples (S-MI, S-SI, B-SE, B-ZP, K
DR, 80-81, BO-TZ, BO-PAJ ) are limestones with calcite 
content between 93-99% and only the B-ME, K-RY and 
K-AM are dolomitic rocks with dolomite content rangi ng 
between 92-96%. The sample BO-PA2 is characterized as 
dolomitic limestone with calcite content 83% and dolo
mite 17% (Harben 1992). The maximum percentage of 
impurities (minerals except of calcite and dolomite) was 
observed in sample 8 -ME (3%). 

Table J. Mineralogical composition (wt. %) oj the Koz,cmi 
carbonate rocks. 

Calcite Dolo- Quartz Chlo- Mus-
mite rite covite 

S-Ml 99 1 
S-SI 99 1 
8-SE 93 6 1 
8 -ME 5 92 3 
8-ZP 99 1 
K-RY 4 96 
K-DR 99 1 
K-AM 5 95 
BO-BI 99 l 
8O-TZ 97 3 
8O-PAI 97 1 2 
BO-PA2 83 17 

S-MI and S-Sl=Siatista (Upper Jurassic-Lower Cretaceous and 
Middle Triassic-Lower Lia.uium limestones, respectively) 
8 -SE, 8 -ME and 8 -ZP=Vermion (limeJ·tone from Axios zune, 
Upper Cretaceous dolomite and quarried limestone, respecti
vely) 
K-RY, K-AM and K-DR =Kow ni (Triassic-Lower Jurassic do
lomites and Middle-Upper Cretaceous limestone, respectively) 
BO-BI, BO-TZ, 8O-PAI and BO-PA2=Vourinos (Middle Trias
sic-Jurassic quarried limestones) 

The results of chemical analyses are consistent with 
the mineralogical composition (Table 2). The amount of 
impurities (oxides except of CaO and MgO) ranges be
tween 1.14% and 3.22%, which is explained by the low 
grade of metamorphism (greenschist face) of the rocks . 
Chemical analyses for the amount of trace elements show 
that only two samples (B-SE and 8 -ME) present higher 
concentrations of Cr and all the samples except S-SI, 8 -
ME, K-RY and K-AM present higher concentrations of 
Ni compared to average composition given for commer
cial Iimestones. K-DR presents higher concentration of 
Co compared to the other samples. These relati vely 
higher concentrations of the above trace elements are at
tributed to the direct contact of the limestone formations 
with the ophiolitic complexes. 

Table 3 shows the insoluble residue with the corre
sponding mineralogical composition for each sample, as 
well as the organ ic matter content and the values of 
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whiteness determined. The insoluble residue presents low 
values ranging between 0 .09% wt. and 1.73% wt. and 
contains mainly quartz, chlorite and muscovite and less 
albite. The paragenesis quartz+chlorite+muscovite+albite 
confirms the greenschist metamorphic phase of the car
bonate formations . The organic matter ranges between 
O and 1.07%, remaining thus within the limits given for 
carbonate rocks (Boynton, 1980). 

Concerning the whiteness of the studied samples, it 
was found that the color of B-ZP, K-RY, K-AM, BO-TZ 
and BO-PA I is approaching the ' pure white color', the 
color of S-Sl, K-DR, 80-81 and 8O-PA2 is in the wave
length of yellow, the color of B-ME and B-SE is in the 
wave length of blue-green and the color of S-MI is in the 
wavelength of orange. 

The rnain quality requirements for use of carbonate 
rocks on the basis of their chemical composition (wt.%) 
and values of their whi teness are (Boynton, 1980, Power, 
1985, Harben, 1992, Oates, 1998): 
• Paper industry: 
for limestones:>96% CaCO3, for dolomites:>53% CaCO3, 
>44.5% MgCO3. 
• Paint industry: 
(CaCO3 + MgCO3)>95 %, MgCO3>3%, brightness 80% 
(putty) to 96% (paper coating). 
• Rubber industry: 
Cu < 40 ppm, MnO < 0.02%, (CaCO3 + MgCO3) > 98%. 
• Flue gas desulfuri sation: 
CaO>53.2%, MgO>0.5%, SiO2>0.65%, CO2>4l.8% 
whiteness > 80%, insoluble residue < 1 %. 
• Fertilisers: Coarsely pulverised dolomitic limestone and 
dolomite are frequently added to fertili sers. High-calcium 
limestone is rare ly used in fertiliser formulations , because it 
can release ammonia from nitrogenous compounds. 

According to the experimental results and the estab
li shed standards the studied carbonate rocks can be used 
for the followin g industria! applications: 
• The samples K-RY, B-ZP and BO-TZ are suitable for 

the paper industry. Comparing the chemical com
position of these samples to the requirements, it is 
shown that they are very close to the necessary stan
dards. The sample K-RY contains up to 96.9% 
(CaCO3 + MgCO3) and this is above the establi shed 
limit of 53% CaCO3 and 44.5% MgCO3. The sample 
8 -ZP is a pure limestone containing more than 96% 
CaCO3, therefore, it is suitable for the manufacture 
of paper. The sample BO-TZ has a content of 
CaCO3 almost 96%, a fact which is not forbidding for 
its use to the paper industry. 

• Furthermore, the samples S-SI, 8 -ZP, K-RY, K-DR, 
K-AM, BO-BI, BO-PA I and BO-PA2 can be used in 
the paint industry, since they fulfil the chemical spe
cifications and the whiteness limits. The content of 
(CaCO3 + MgCO3) of these samples exceeds the limit 
of 95%, the lowest va lue is observed in BO-PA 1 
(96.76%) and the highest one in S-SI (98.71 %). Thei r 
whiteness values are also within the limits, as the low
est one is 82.2% (K-DR) and the highest one is 95 . l % 
(B-ZP). 
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Table 2. Chemical composition of the Kowni carbonate rocks. 

(wt. %) S-Ml S-Sl B-SE B-ME B-ZP K-RY K-DR K-AM BO-BI BO- BO- BO- (Mason & 
Tl PAJ PA2 Moore 

1982)* 
SiO2 0.54 0.70 2.4 1 2.14 2.14 2.4 1 1.88 2.41 2.94 2.67 2.67 2.14 5. 19 

Al2O, O.IO 0.00 0.12 0.15 0.00 0 .00 0.00 0.00 0.00 0.00 0.17 0.00 0.81 

TiO2 0.016 0.290 0 .0 16 O.OOO O.OOO O.OOO 0.016 0.100 O.OOO O.OOO O.OOO O.OOO 0.060 
MnO 0.010 0.002 0.0 10 0.004 0 .005 0.002 0.007 0.002 0.007 0.002 0.002 0.004 

Fe2O3t 0.15 0.07 0.13 0.07 0.00 0.00 0.06 0.00 0.04 0.00 0.07 0.00 0.54 
CaO 54.30 55.20 51 .25 31.15 54.60 3 1.85 53.03 30.45 52.58 53.90 52.80 49.80 42 .57 

MgO 0.56 0.29 2.08 21.33 0.40 20.00 0.62 21.75 1.38 0.92 0.82 4.62 7.89 

K20 0.03 0.03 0. 19 0.06 0.14 O. IO 0.11 0.09 0.05 0.09 0. 11 0.05 0.33 

Na2O 0.16 0.22 0.30 0.09 0.23 0.21 0.26 0.19 O.IO 0.07 0.08 0.12 0.05 

P2Os 0. 14 0 .19 0.04 0.03 0.045 0.02 0.03 0.03 O.OJ 0.02 0.02 0.025 0.04 

CO2 43.52 43.22 43.36 44.88 42.34 45 .06 43 .60 44.86 42.81 42.14 43.14 42.85 

(ppm) (Oates 
1998)** 

Co 28 22 16 b.d.l. b.d.l. 16 46 b.d.l. b.d.l. b.d.l. 19 b.d.l. 

Cr II 12 23 27 15 13 17 15 15 15 15 12 3-15 
Ni 21 b.d.l. 28 b.d.l. 17 b.d.l. 21 b.d.l. 21 21 21 17 0.5-15 

Rb 58 60 84 28 64 54 36 24 29 38 38 26 

Sr 213 185 358 168 228 153 518 102 440 210 213 250 

Zn 17 6 7 13 14 16 5 8 7 6 7 7 3-500 

b.d.l.=below detecti on limit, *Average limestone composition (Mason & Moore, 1982), *"'Typical ranges of trace elements in com
mercial limestones (Oates, 1998) 

Table 3. lnsoluble residue (wt. %), mineralogical composition oj insoluble residue (wt. %), organic matter (wt. %) and hiteness 
values (%) oj the Kozani carbonate rocks. 

Mi neralogical composition of the insoluble residue 

lnsoluble Quartz Ch lorite 
residue 

S-Ml 0.52 100 

S-Sl 0. 16 100 
8-SE 0.96 61 9 
8 -ME 1.22 100 
8-ZP 0.20 1 
K-RY 1.73 11 37 
K-DR 0.09 100 
K-AM 0.76 52 
80-81 1.23 36 
B0-7Z 0.26 
BO-PA/ 0.94 18 16 
BO-PA2 1.03 

*percentage reflectance value of sample 

• The samples S-SI and S-MI are sui table fo r the rubber 
industry, as their content in CaO, MnO and Cu fu lfil 
the requi rements. The va lues are 54.3-55.2% for the 
CaO, 0.002-0.01 o/o for the MnO and their concentra
tion in Cu is below the detection limit (9 ppm) of the 
spectrophotometer for Cu. Their content in (CaCO3 + 
MgCO3) is ranging between 93 .38% and 98 .71 %, val
ues that are higher than the established ones. 

• The samples S-SI and B-ZP can be used in the fl ue 
gas desulfurisation as their content in CaO is 55 .2% 
and 54.6%, respective ly, quantities much higher than 
the lowest limits. Their whiteness values (84.5% for 
S-SI and 95 .1 o/o for B-ZP) are above the limit of 80%. 
Their content in MgO is for S-SI 0.29% and for 8 -ZP 
0.40%. They contain more SiO2 than the established 

Muscovite Albite Organic Whiteness* 

8 

99 
52 

48 
64 
97 
66 
100 

matter 
0.29 75.3 

0.20 84.5 
22 0.28 58.0 

0.6 1 67.2 
0. 19 95.1 
l.07 90.0 
0.20 82.2 
1.00 93.0 
0.20 82.4 

3 0.00 90.0 
0.15 93.0 
0.19 85.3 

value and their content in CO2 is above 41.8% 
(43.22% for S-SI and 42.34% for 8 -ZP). Fi nally, their 
insoluble residue ís be low 1 %, (0.2% for S-SI and 
0. 19% for 8-ZP). 

• Finally, the samples 8 -ME, K-RY, K-AM and BO-PA2 
are suitable as raw materials in ferti lisers. The first three 
samples are dolomí tic rocks with MgO content ranging 
between 20% and 21.75%, whi le the sample BO-PA2 is 
a dolomitic li mestone containing 4.62% ofMgO. 

Conclusions 

The carbonate rocks at the Kozani broader area repre
sent a variety of carbonate formations ranging from pure 
limestones (which is the majority of the rock formations) 
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to dolomitic limestones and dolomites. Mineral impuri
ties, such as quartz and other silicates, participate in mi
nor or trace amounts, remaining in the majority of the 
samples below 0.5%. 

Measurements conceming their insoluble residue, or
ganic matter and whiteness together with their mineralo
gical and chemical composition satisfy specia l requirements 
for use in certain industria! applications. Thus, nearly 
a ll carbonate formations, except some of the Siatista forma
tions and the do lomitic or dolomite containing formations 
of Vermion, are suitable for paint industry. On the contrary, 
only three fonnations (one from Vermion, one from Kozani 
and one from Vourinos) can be used in paper industry. Fur
thermore, only the Siatista carbonate rocks can be used in 
rubber industry while for tlue gas desulfurisation the most 
proper rocks are one formation from Siatista and one from 
Vermion. Finally, all the dolomitic formations of the area 
are suitable for the fertiliser industry. 
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Thrust fault geometry of Southern Elburz Mountains 
in the Northern Iran 
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Abstract. A three-dimensional analysis of the geometrical position of thrust faults in the Gorg-Dare area in 

the south of the Elburz Mountains indicates the dominance of the thrust sheets in that area. The function of 

thrust sheets has resulted in the disorganization of stratigraphy and consequently in the intricacies of geology 

in this area. On the whole, the geometry of thrusl fault in this area is based on the Imbrical design. However, 

each thrust fault consists of smaller geometrical forms inside it. Accurate desert measurements for drawing 

the geological map of this area showed that each thrust sheet is made up of certain Cylindrical structures. 

These Cylinder-shaped structures which are surrounded with faults have placed masses oť rocks adjacent to 

each other. Considering the large variety of ages of the Cylindrical masses adjacent to each other, it is possib

le that the establishment of each Cylinder-shaped structures took place during different periods of thrust fault 

activities. Altogether, such systems in the southern parts of the Elburz Mountains have had a major role in the 

evolution of geological structures and brought about fascinating geological appearance. 

Key words: Elburz Mountains., Thrust Tectonics, Structural Analysis., Fault Geometry 

1. Introduction 

The Elburz mountains system in northern Iran (Fig. l ), 

extending in a sinuous manner for about 2000 km from 

the Lesser Caucasus of Armenia and Azerbaijan in the 

northwest to the mountains of northern Afghanistan to the 

east forms a composite poly-orogenic belt. The tectonic 

history of southern Elburz mountains is poorly under

stood, since from the upper Triassic tíme the area was 

affected by the Cimmeride and the Alpine tectonic events. 

Attempts to synthesize regional stratigraphy and structural 
features of this mountains system have been restricted to 

what Stocklin (1960, 1968, l974a,b) and Stampfli (1978) 

presented on the basis of data which were meagre and 

scanty at the tíme, and by workers (Berberian and King, 

1981; Davoudzadeh et al., 1986; Davoudzadeh and Web

ber-Diefenbach, 1987; Boulin, 1988; Sengor, 1990; 

Stamptli et al. , 1991) who based their analyses almost 

emtirely on the same data and interpretations already pre

sented by Stocklin and Stampfli . Detailed structural and 

lithostratigraphic analyses in some specific critical parts 

of the Elburz, as well as systematic paleontological stu

dies along certain stratigraphic sections have resulted in a 

better understanding of the stratigraphy and structural 
geometry of this mountains system (Seyed-Emami et al., 

1971 ; Bozorgnia, 1973; Seger, 1977; Stampfli , 1978; 

Hamdi and Janvier, 1981; Ahmadzadeh-Heravi, 1983; 

Hamdi et al., 1989; Seyed-Emami and Alavi-Naini , 1990; 
Golshani, 1990; Alavi , 1996). 

Our work is concentrated on a relatively small 

(25km) part of the Gorg-Dare near Shahrod city. The 

fau lt geometry there were studied during approximately 

six months of field works. The principal product of 

which, a geologic map (Fíg. 2), was constructed using a 

1: 20000 aerial photographic base. This detailed map 

and attendant structural geology work, gave us the new 

pattern of thrust faulting geometry in this area. 

2. Lithostratigraphy 

Based stratigraphic analyses several formations may 

be distinguished in this area (Fig.2) each forrnation for

rned in a tectonically contro lled environment and in the 

following paragraphs I present a brief and general des

cription of these formations, ranging from the oldest to 
the youngest. 

The most characteristic constituents the upper Cam

brian Mila Formation are nodular limestones, in part 

strongly glauconitic and containing abundant trilobites, 

brachiopods, and hyo lithids. These limestones are asso

ciated with dolomitic, marly, shaly and sandy beds. This 

unites considered to represent deposits of an epiconti

nental platforrn sedimentary basin that was influenced 

by the initial stages of extensional tectonics (Alavi, 

1996). The upper Devonian-Carboniferous Geirud For

mation consists of sandstones, shales, fossi liferous san
dy limestones and several phosphatic layers, followed 

by sandstones, shales and fossiliferous limestone. 

The lower Triassic to middle Triassic Elikah Forrna

tion consists of an association of limestone, party marly, 

rare ly dolomitic, yellow to pinkish. Many beds are crowd

ed with worrn-tracks, calcaires verrnicules (Stocklin, 

1977). 
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Fíg. 3 Cross-sectíon the Gorg-Dare area with major structural 
features. Localities shown in Figu re 2. 
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Fíg. 4 The measurements conducted on the surrounding faults 
of a cylinder-shaped structure. Localities shown in Figu re 2. 

The lower Jurassic Shemshak Formation consists of an 
association of sandstones, siltstones, shales and claystones, 
that have coal seams up to 1.5m thick as a characteristic 
feature (Assereto, 1966). The lower part of the Shemshak 
Formation is characterized by cross-bedding and ripple 
marks are numerous and indicate a very shallow-water to 
lagoonal environment of sedimentation. The upper parts 
contain features characteristic of deltaic environment 
(Stocklin, I 968, l 977). The Iower part of rocks may have 
formed the Shemshak Formation is characterized by plant 
fragments which are of centra! Asiatic type. Cross-bedding 
and ripple-marks are numerous and indicate a very shallow 
water to lagoonal environment of sedimentation. The upper 
parts contain features characteristic of deltaic environment. 
Regional structural considerations coupled with the sedi
mentary characteristics of this unit, with distincti ve lateral 
variations, strongly suggest that these in a foreland basin in 
front of the tectonicall y active, south-verging, blocks uplif
ted during the Cimmeride orogeny, which later became 
covered by marine transgression strata (Ala vi, 1996). 
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Fíg. 5 Development mylonites at su,face Gorg- Dare Thrust 
fault. 

Fíg. 6. C-type shear band cleavage in surface Gorg- Dare 
thrust fault . 

The upper Jurassic Lar Formation is composed of 
light gray, compact and thin bedded to massive partly 
reef limestone 250 to 350 meters thick and containing 
characters-tic nodules and bands of white or violet chert. 
The limestone overlies conformably the Shemshak For
mation. 

3. Structural Geology 

The tectonics of the Elburz system are dominated by 
thrust faults . Stocklin (1968), synthesized a generalized 
tectonic framework for the Elburz Mountains as a large, 
E-w trending, deep-seated synclinal structure whose so
uthern and northern limbs were imbricated by several 
south-verging and north-verging thrust faults . 

3.1. The Gorg-Dare Region 

The Gorg-Dare region, north west of shahrod (Fig. 
2), studied in this area, thrusts are the dominant structu
ral features. They are all north dipping and mostly asso
ciated with mylonites (Fig. 5). Mylonites can be 
recognized in the fi eld by their small grain size and 
strongly developed, unusually regular and planar folia-
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tion and straight lineation. Mylonites commonly contain 
two or even three foliations, inclined to each other at 
small angles, that is thought to have developed contem
poraneously (Passchier and Trouw, 1998). Foliation in 
mylonite is locally subject to tight or isoclinal folding. In 
most cases, the axial planar foliation in these folds can
not be distinguished from the main foliation in the mylo
nite. Some of these folds are sheath folds, that is they 
have a tubular shape parallel to the mylonite lineation. 
Study C-type shear bands in this mylonites display a 
north-to-south movement direction (Fig. 6). Thrusting 
was propagated sequentially southward from the interior 
of the Elburz mountains toward its southem foreland. 

The Gorg-Dare area is affected by thin-skinned tecto
nics. The thrust sheets comprising various stratigraphic 
units, including, Mila Formation, Geirud Formation, Eli
kah Formation and Shemshak Formation. Fíg. 2 and the 
cross-section in Fig. 3 reveal the general geometry of the 
thrust faults exposed in the Gorg-Dare area. Geometrical
ly, generations of thrusts, all south-verging, from imbrica
te fans, composed of several single sheets and a number of 
interna! thrust sheets Cylinder form. These are restricted 
to the structural sheets and are bounded by the thrust bo
undaries (Fig. 7). It is clear that the Cylinder forms are 
genetically related to the thrust movements. 

The measurements of the position of the three
dimensional geometry of thrust faults in this area in
dicates that there are certain forms of Cylinder-shaped 
geometry in thrust sheets. These Cylinder-shaped struc
tures. which make up a thrust sheet altogether have un
naturally placed different formatio ns adjacent to each 
other. In appearance a mass of Cylinder-shaped rock is 
surrounded with a group of thrusts in a ll direc tions. Mo
reover, the existing lineations with a radia! design on 
these thrusts can be observed in different parts of the 
Cylindrical structure. The most appropriate place for the 
observation of such a structure is where there are two 
Cylinder-shaped connections. Here, the geometrical 
form of Cylinder-shaped thrusts are easil y observable. 
Based on desert measurements and observations, at
tempts are made to display the three-dimensional geo
metry of such structures in Figures 7 and 8. Among the 
other interesting structures present in each of the Cylin
der-shaped masses are the ex istence of conjugate thrusts 
(Fig. 9) . Such thrusts can be observed as a group of pa
rall el thrusts with a s lope of 90 degrees in every Cylin
der-shaped mass. These thrusts are usually formed 
crisscross along with the displacement of stri ke slip. The 
coll ection of crisscross thrusts was formed in the course 
of the displacement and establi shment of thrust sheets in 
the masses of Cylinder-shaped rocks. 

3.2. Structural Analys is 

In order to describe the three-d imensional geometry 
of cylinder-shaped structures, structural parameters such 
as faults and fractures found in the region under study 
have been extensively measured . These measured data 
have been the main foundation of detailed interpretation 
on the structural model of the region. Statistica l analyses 
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Fíg. 7. Block diagram showing horse in a vo/ume of rock sur
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Fíg. 8 8/ock diagram showing cylindrical sheet. which has 1wo 
major .faults, with connec1ing splay (S) and one branch line 
dep!h. 
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Fig. 9. Three-dimensional view r~f conjugate .fault system, inter
na/ cylindrical sheet. 

carri ed out on the conjugate fau lts indicate that direction 
of maximum principal stress general ly has on N IOE o
rientation. The measurements conducted on the surround
ing fau lts of a cylinder-shaped structure indicate that 
every section of thi s structure fo llows a particular geo
metrical pattern. In F igure 4, geometrical si tuation of fa-
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ults in various parts of a cylinder-shaped structure has 
been illustrated by the stereonet. This set of measured 
faults shows thi s structure in a three-dimensional pattern. 
Striations on the surface of fau lts covering a cylinder
shaped structure have a radia) pattem . Therefore, by ap
proaching the end of this structure, the angle of striation 
pitch will be smaller. 

4. Conclusions 

According to the geometrical indices of thrust faults in 
the Gorg-Dare area in the south of the Elburz Mountains 
the following results are presented. 

1. As a major system, the thrust faults dominate the 
changes of forms in the southern part of the Elburz. 

2. The results of the stud y of C-type shear bands on 
the surface of thrust faulls indicates the displacement of 
thrust sheets from the north to the south . 

3. The position of the three-dimensional geometry of 
thrust faults in this area is redolent of the existence of 
Cylindrical forms in thrust sheets. 

4 . Cylinder-shaped masses have placed stratigraphic 
units adjacent to each other and have caused structural 
i ntri cac ies. 

5. During the displacement and establishment of Cy
linder-shaped masses, conjugate thrusts were formed as a 
collection of parall el thrusts with a slope of 90 degrees in 
the masses of rocks. 
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