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Ore mineralization on the Pezinok - Trojárová deposit in the Malé Karpaty 
Mts., Slovakia: mineralogical and geochemical characterization 

MARTINCHOYAN1
, STANISLAVA TRTÍKOYÁ 2, VOJTECH VILINOVIč3, MILOŠ KHurf, PETER HANAS5 

'Dept. of Mineralogy and Petrology, Faculty of Natural Sciences, Comenius University, Mlynská dolina G, 842 15 Bratislava 
2Geological Institute, Slovak Academy of Sciences, Severná 5, 974 01 Banská Bystrica 

3GEOTEST Bratislava, Ltd. , Vlčie hrdlo, 821 07 Bratislava. 
4Dept. of Geochemistry, Faculty of Natural Sciences, Comenius University, Mlynská Dolina G, 842 15 Bratislava 

'Slovak Ministry ofEnvironment, Nám. Ľ . Štúra 1, 812 35 Bratislava. 

Abstrac1: Ore mineralization on the Trojárová deposit is hosted in metamorphosed black shales, embraced by 
complex of metabasics and metatuffs. Following ore mineralizations were discemed: 1) metamorphosed ex­
halation-sedimentary pyrite mineralization, 2) molybdenite mineralization in granitoides; and 3) hydrothermal 
Sb-Fe-As-Au mineralization. Geochemical investigation of ore bearing black shales revealed intensive pyriti­
zation of black shales, close association of Sb-Fe-As-Au sulphidic mineralization with carbonates and Au 
binding to arsenopyrite. Five successive stages of hydrothermal Sb-Fe-As-Au rnineralization were distin­
guished, with stihnite mineralization in 3rd and 4'h stage. Main factor controlling the stihnite deposition was 
probably the decreasing temperature. 

Key words: black shales, carbonatization, arsenopyrite, stihnite 

Introduction 

The Trojárová locality is situated northwards from 
Sb-Au deposit Kolársky vrch in one of productive zones 
of larger area between the towns Pezinok and Pernek in 
Malé Karpaty Mts. (Fig. 1). Positive geochemical 
anomalies were detected in exploration boreholes and 
subsequently the Trojárová adit was drilled in order to 
investigate the Au-As and Sb mineralizations. This study 
summarizes main results of detailed mineralogical, 
petrological and geochemical research performed on 
samples from the drillcores and from the Trojárová adit. 

Geological setting and ore mineralization 

Variscan crystalline in surroundings of studied area 
consists of two granitoid bodies (southem Bratislava mas­
sive and northern Modra massive) and a zone of metamor­
phites inbetween, stretching in the NW-SE direction across 
the mountain ridge (Pezinok-Pernek crystalline). Three 
lithologic units were recognized in the metamorphic belt 
(Pezinok, Pernek and Harmónia succession), each one 
composed of two formations. Lower pelitic-psamitic 
flysch-like formation of silurian-lower devonian age 
gradually passes into upper volcanosedimantary formation 
of lower-middle devonian age (Planderová & Pahr, 1983) 
with black shales, basalts and basaltic tuffs, carbonates, 
gabros and gabbrodiorites. Intrusives of the Bratislava 
massive are represented by peraluminous monzogranites 
and granodiorites with high quartz contents (Cambel & 
Vilinovič, 1987) classified as Ca-alkaline granitoids to 
granites. Modra granitoids are shifted towards Ca-alkaline­
trondhjemitic series, represented by metaaluminous­
peraluminous biotitic granodiorites and tonalites. Both 

granitoid massives exhibit Rb-Sr age 348 ±4 Ma (Cambel 
et al., 1990). Putiš (1987) and Plašienka et al. (1991) dis­
tinguished four stages of variscan tectonometamorphic 
evolution of related area: 
1. regional metamorphism; 
2. peripluthonic metamorphism with distinctive zonality, 

related to intruding of the Bratislava massive; 
3. contact metamorphism caused by the intrusion of 

Modra massi ve 
4. late variscian fold tectonics of the metamorphic belt 

between the towns Pezinok and Pernek. 
Alpine evolution of studied area started by epi­

variscan clastic sedimentation in upper permian and 
evolved through different tectonic regimes (rifting - area] 
extension - pre-compressional subsidence - compression; 
each accompanied by its characteristic sedimentation) to 
the thrusting and nappe emplacement, which took place 
in middle Cretaceous and determined the present day 
geological structure of Malé Karpaty Mts. Neogene brit­
tle tectonics has slightly rearranged this paleoalpine 
structure and caused uplift of the horst of present-day 
mountain ridge along major normal- and strike-slip faults . 

The ore mineralizations in Malé Karpaty Mts. were 
subject of numerous studies, among others Cambel 
(1959), Polák (1974), Kantor (1974), Žákovský (1962), 
Andráš (1984). Reader could find good review in Chovan 
et al. (1992), who distinguished the following minerali­
zation types in four productive zones in the Malé Karpaty 
Mts. crystalline: 

L Metamorphosed exhalation-sedimentary minerali­
zation with pyrite; 

II. Hydrothermal mineralization, with following sub-
types: 1. - molybdenum in granitoids; 2. - copper-base 

iolog/ct" 
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Fíg. J Simplijied geological map of the Malé Karpaty Mts., region between Pezinok and Pernek (after Cambel /959; Polák & 
Rak 1980). 

lII. metal with si lver: (a) Cu-Pb, Ag, (Ni); (b) Pb-Zn; 
(c) Pb-Ag; 3. - antimony-gold: (a) gold-su lphidic; (b) 
gold-quartz; (c) stibnite. 

Sampling and analytical methods 

The material for mjneralogical, petrological and geo­
chemical study was obtained from the cores of explora­
tory boreholes and from the prospection adit on Trojárová 
locality. Several samples of nearly identi.cal mineraliza­
tion from adit Antimonitová (Kolársky vrch deposi t) were 
collected for comparison. 

Optical microscopic observations were carried out on 
the microscope Jenapol. Electron WDS microanalyses 
were performed on JEOL, JXA 840 A (Faculty of Natural 
Sciences, Comenius University) (analyst Kri štín) and by 

JEOL SUPERPROBE 733 (Geological Survey of Slovak 
Republic) , accelerating voltage 20 KeV, 15 nA, beam 
diameter 5. 10·6 m, standards Sb2S3, GaAs, FeS2, FeAsS, 
HgS-Hg, PbS-Pb, Ag, Sb, Zn, Cu, Bi , Co, Ni, Au, Mn a 
Cd (analysts Caňo and Siman). Semiquantitative EDS 
and scanni ng electron microprobe images were per­
formed by JSM 840 (Geological Survey of Slovak Re­
public) . 

Following spectral analytical methods were used to 
determine the concentrations of individual elements 
(laboratories of Geological Tnstitute of Faculty of Natural 
Sciences, Comenius University, and Institute of Geologi ­
cal Exploration in Spišská Nová Ves): Au - AAS ; As and 
Sb - AAS with hydride generation technique; trace ele­
ments - OES; C0 ,g and C min quantilative analysis. AAS 
analyses of Au were performed by Philips PU 9000 with 
deuterium background corrector using electrothermic 
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atomization PY 9095 Video Furnace in Ar atmosphere 
(Geological Jnstitute of Slovak Academy of Sciences, 
Banská Bystrica) . Manometric, thermometric analysis 
and X-ray powder diffraction analysis were carried out in 
Geological Institute of Faculty of Natural Sciences, 
Comenius University. 

The samples of black shales from cores of boreholes 
PT-13, PT-55, PT-57 were studied by means of Infrared 
Absorption Spectroscopy where Soxhleť s method was 
applied for organic component extraction and method of 
column chromatography for organic material fractiona­
tion . The conten ts of C, H, N, S was determinated by 
Element Analyser Carlo Erba 1106 (Department of Gr­
ganie Chemistry, Faculty of Natural Sciences Comenius 
University). Chemical separation of graphite was per­
formed in the laboratory of analytical chemistry (Geo­
logical Survey of Slovak Republic). Contents of trace and 
metal elements in bulk samples was determinated by 
means of quantitative SPA and AAS (Geological Institute 
of Faculty of Natural Sciences Comenius University). 
The contents of P2O5 was estimated photocolorimetrically 
(Dept. of Economic Geology, Faculty of Natural Sci­
ences, Comenius Uni versity) . 

Rcsults 

Surrounding rocks 

The black shales form narrow strips within the "belts" 
of actinolitic schists. These are embraced by amphibo­
lites . This complex is underlain by by staurolite-biotite 
paragneisses and granitoids of the Bratislava massive. 
Their contact is accompanied by a cataclastic zone of 
thickness up to 2 m. 

"Actinolitic" schists exhibit prevailingly nematoblastic 
structure. Their ground mass consists of collumnar to 
spicular "actinolite", chlorite, quartz and sphene. Accord­
ing to classification of Leake et al. (1997) the previously 
mentioned actinolite corresponds to Mg-hornblendite -
tchermak.ite (Moravanský et al., 2001). Carbonates, pyrite 
and "actinolite" are arranged into coarse-grained layers. 
Heterogranular porf yroblastic textu re and granonemato­
blastic texture with blasts of plagioclase and quartz occurs 
sporadically. A graphitic substance is present in zanes ad­
jacent to the black shales, which indicates gradual transi­
tions between the two lithotypes. This is well documented 
by presence of the amphibole in black shales. 

Amphibolitcs are characterized by heterogranular 
porphyroblastic texture, their matrix is composed of am­
phiboles, finegrained light sphene, pyrite and carbonates. 
Blasts of plagioclase, carbonate, "actinolite" , quartz and 
minerals of epidote-zoisite group occur in this matrix. 

Tectonic breccias occur on the contact of the com­
plex of metabasites and granitoid rocks and were formed 
mostly on the expense of granitoids. Their textures indi­
cate transition between mylonitization and brittle catacla­
sis. The observations in our material are in agreement 
with the concept of Putiš (1987) about the overthrust of 
metabasite complex over the paragneisses. 

Granitoid rocks are affected by cataclasis / myloniti­
zation, which is mostly localized at the contact with me­
tabasites. 
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Staurolite-biotite paragneiss are affected by re­
gional-periplutonic metamorphism (staurolite-sillimanite 
zone) caused by the intrusion of granitoids (Korikovskij 
et al., 1984). 

Hydrothermal altcrations 
Moravanský (2000) distinguished three alteration 

zones: carbonitization and illitization zone, muscovitiza­
tion zone and chloritization zone. The altered rock is char­
acteristic by the association carbonate-sericite-quartz­
pyrite. "Actinolitic" schists are affected by carbonatization, 
which is most intense at their contact with black shales and 
it fades out with the distance from the contact. Carbonati­
zation is localized 1) in the foliation; and 2) in veins cut­
ting the fo liation, filled by carbonates, quartz, ±albite and 
ore minerals. 

Hydrothermal alterations of granitoids comprise seric­
itization and in lesser extent carbonatization of plagio­
clases, muscovitization and chloritization (Moravanský, 
2000; Moravanský el al., 2001). 

Ti-Fe oxides in hydrothermally altered black and ac­
tinolithic shales form anhedral grains with low reflec­
tance, arranged concordantly with foliation. 

V-Cr garnet was recorded in actinolithic-tremolitic 
schists on the localities Trojárová and Rybníček (Uher et 
al. , 1994). 

Black shales 

Ore mineralization is hosted in the black shales which 
form zones with Lhickness up to 20 m in Lhe actinolitic 
schists (Fig. 2). Their weak rheology designated them to 
deform much more intensively than surrounding rock 
during orogenic processes, which is pronounced in sub­
Lly-folded structure. Black shales consist of quartz, seric­
itic matrix , organic matter and biotite of two generati ons. 
Plagioclase, chlorites, carbonates, actinolite, Ti -oxides(?), 
rutile and apatite occurs as accessory minerals. B taek 
shales are impregnated with pyrite, arsenopyrile is rare. 

The average conlents of C0 ,g in black shales is 5.5 %. 

Infrared spectra of organic compounds extracted in ben­
zene show for occurrence of absorption bands which are 
assigned to valence vibrations of C-H bands of CH3, CH2, 

or CH groups. The C-O-C bands in esteric and etheric 
compound and C=O bands of saturated kethon and un­
saturated ester of karboxylum acid are abundant. Two 
samples were analysed for contents of H, C and S, fol­
Jowing results were obtained: H - 10-0.30 %; C - 5.46-
5.48 %; S - 5.95-7.82 % (Oružinský et al. , 1990). 

The samples from boreholes and adits were analysed 
for contenls of accessory and trace elements, whereby 
enrichmenl in S10 " C0 ,g, Cmin, Sb, Au, and As compared to 
surrounding rocks was revealed (Fig. 3). Contents of Au, 
As and Sb represent significant anomaly (sensu Judovič 
et al. , 1990; Judovič & Kertis, 1991 ). From comparison 
of these values with those from other black shales pro­
ductive zones of Malé Karpaty Mts. (Cambel & Khun, 
1983) follows 4.9x enrichment for Au, 38.7x for Sb and 
21.2x for As. 

Remarkably high contents of Mo in the samples from 
boreholes are presumably connected with greisenized 
granitoids wilh molybdenite in the underlier. An increased 
contents of V in black shales samples was determined too. 
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Fíg. 2 Geological profile across the complex of crystalline schists with position of boreholes and prospection adits on the Trojárová 
deposit, Malé Karpaty Mts. (after Hanas et al., 1989). 

An Sb and arsenopyrite mineralization was detected 
in black shales from boreholes on the Trojárová locality. 
Negatíve correlation between C0 ,g and Cmín (r = -0.661) 
follows from the statistical analysis of geochemical data 
from these samples, affinities of other elements to C0 ,g 

are as follows: V 0.799; Zr 0.724; Y 0.69; Ni 0.656; Sb 
0.589, indistinct positive correlations show Pb, Mo, Cu, 
and Ag. Sr (0.706), Sc (0.67), and Cr (0.606) have sig­
nificant positive correlation with Cmín· V (-0.717), Ni 
(-0.569), Cu (-0.498), Mo (-0.498) (Fig.4) show negatíve 
correlation with Cmín· Elements Co, Ba, Bi, and B have 
very weak positive correlation with both C0 ,g and Cmín· 
The contents of As, Au, and S101 were not determined in 
the borehole samples. These correlation coefficients are 
in compliance with other published data from black 
shales (e.g. Judovič & Kertis, 1991). 

The fully evolved Sb-Fe-As-Au mineralization (see 
below) proved in boreholes was not attained during the 
exploration works in the Trojárová adit, and drilling 
stopped in its marginal zone. Therefore arsenopyrite and 
pyrite are dominant here and Sb-minerals occur in acces­
sory amounts. Studied samples of this mineralization ex­
hibit affinity of Au, As and Sb to Cmin (0.847, 0.617 and 
0.519, respectively) (Fig. 5). This indicates the correla­
tion of these elements with the intensity of carbonatiza­
tion. Correlation of S101 with C0 , 8 (0.526) shows for 
synsedimentary pyritization in black shales. Arsenic has a 
negatíve correlation with C0 ,, (-0.593). Close association 

of Au and As (0.703) is related to Au-enrichment in arse­
nopyrite which is bound to carbonatic layers in black 
shales. Sb positive correlation with Au and As can point 
to the presence of an Au alloy in Au bearing arsenopyrite. 

Graphite was identified and investigated in several 
samples from boreholes. Those samples were grinded and 
treated by chemical agents - carbonates were removed in 
HCl (by 60°C), silicates in HF (60°C), fluorides by pow­
dered Zn after mechanical processing (see Jankú, 1991 ). 
Separated graphite exhibits slice morphology, euhedral 
grains are scarce (Fíg. 6). Grain size ranges up to 1 O µm 
(Fíg. 6), exceptionally up to 50 µm, which ranks the stud­
ied samples to microcrystalline graphite (1 µm - 100 µm). 
Value of c-parameter, calculated from the d(OOJ) spacing 
of X-ray diffraction pattems (Tab.l) of graphite is 6.735 x 
10·10m. 

Ore mineraliwtion 

Three mineralization types were distinguished on the 
Trojárová locality: 
1. metamorphosed pyrite-pyrrhotite Fe-S mineralization 

of volcano-sedimentary origin, 
2. molybdenite mineralization, 
3. hydrothermal Sb-Fe-As-Au mineralization. 

Fe-S mineralization 

Mineralization is hosted in amphibolite layers, "ac­
tinolitic" schists and black shales. 
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Tab. I X-ray diffraction dat a of graphite /rom Troj árová black s ha les (Jankii, 1991). 

dm I/Imax dtab 1 I 
sample7 graphitc 

3.85 15 - -
3.351 100 3.36 100 
3.22 5 - -

3.121 IO - -
2.998 10 - -
2.965 5 - -
2.706 20 - -
2.423 20 - -
2.212 15 - -
2.112 5 2.13 IO 
1.914 15 2.03 50 
1.813 8 1.80 5 
1.758 5 - -
1.687 IO 1.678 80 
1.631 30 - -
1.502 5 1.544 10 
1.450 5 - -

Pyrite (Tab. 2, analyses 1, 2) as dominant mínera) of 
this mineralization forms impregnations, layers and thin 
lenses arranged concondantly with foliation. Usually it 
forms anhedral grains and their aggregates, often inten­
sively corroded and cataclassed (Fíg. 7). In fine grained 
aggregates pyrite also occurs in intergrowths with quartz 
and pyrrhotite. Mineralization was metamorphosed and 
intensively folded, whereby the new generation of re­
crystallized pyrite originated. 

Pyrrhotite is abundant mínera! and probably repre­
sents product of metamorphism of pyrite mineralization. 
(Tab. 2, analyses 3, 4) 

Chalcopyrite is rare, it forms anhedral grains in pyr­
rhotite aggregates (Tab. 2, analysis 5). 

Sphalerite occurs frequently but in small amounts in 
the form of tiny grains in pyrite-pyrrhotite aggregates. Its 
increased contents of Fe - 7 .9 wt. % average is notable 
(Tab. 2, analysis 6). 

hkl d 1 1 d 1 I 
pyrite arsenopvrite 

- - - - -
002 - - - -
- - - - -
- 3.128 35 - -
- - - - -
- - - - -
- 2.709 85 - -
- 2.423 65 2.418 95 
- 2.219 50 2.204 25 

100 - - - -
101 1.915 40 1.943 25 
102 - - 1.814 90 

- - - 1.759 20 
004 - - - -

- 1.633 100 1.631 30 
103 1.5025 - - -
- 1.445 25 - -

Mo mineralization 

A molybdenite specimen of size 3x3 cm was found in 
the drillhole PT 45 in depth 271 m (Hanas et al., 1989) in 
almost monomineral muscovite rock of greizen appear­
ance (Fig. 8). Its host rock - muscovitic leucogranite -
forms the underlier of the complex of metatuffs and me­
tabasites. From geochemical viewpoint molybdenite is 
pure, almost without admixtures (Tab. 5, analysis 1). 
Thermoelectric voltage measurements revealed the P-type 
conduction (hole type), values of thermoelectric voltage 
coefficient are typical for molybdenite from greizens 
(Ďurža & Chovan, 1995). 

Sb-Fe-As-Au mineralizalion 

Carbonate and quartz veins with hydrothermal Sb-Fe­
As-Au mineralization are hosted in the black shales. 
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Tab. 2 Electron microprobe analyses of mínera/s of pyrite­
pyrrhotite mineralization (wt. %), the Pezinok - Trojárová de­
posit, pyrite (1 ,2), pyrrhotite (3,4), cha/copyrite (5), sphalerite 
(6). 

Analyse num. 1 2 3 4 5 6 

Sample 45/9 45/9 45/9 4519 45/9 45/9 

Fe 47.11 47 .78 60.14 58.17 30.42 7.85 

Bi - - - 0.00 - 0.19 

s 51 . 05 55.42 39.04 39.72 35.44 32.91 

As 0.34 0.03 0.01 - 0.00 -

Ni 0.08 0.07 0.42 - 0.03 -

Co 0.08 0.09 0.07 - 0.03 -

Cu 0.03 0.03 0.00 - 34. 13 -
Zn - - - 0.38 - 59.17 

Hg - - - 0.32 - 0.00 

Mn - - - 0.00 - 0.06 

Cd - - - 0.04 - 0.38 

Ag - - - 0.02 - 0.00 

I: 98.69 99.04 99.68 98.65 100.05 100.56 

recaltulated on the I: of atoms 

3 3 2 2 4 2 

Fe 1.04 0.99 0.94 0.91 1.00 0.14 

Bi - 0.00 - 0.00 - 0.00 

s 1.95 2.00 1.06 1.08 2.02 0.99 

As O.OJ - 0.00 - 0.00 -
Ni 0.00 - 0.01 - 0.00 -
Co 0.00 - 0.00 - 0.00 -

Cu 0.00 - 0.00 - 0.98 -
Zn - 0.00 - O.OJ - 0.87 

Hg - 0.00 - 0.00 - 0.00 

Cd - 0.00 - 0.00 - 0.00 

Ag - 0.00 - 0.00 - 0.00 

Arsenopyrite is the m ost abundant ore mineral in the 
Trojárová adit. It forms crystallic aggregates in carbonate­
quartz lenses and veins in black shales, in minor extent also 
in carbonate veins in actinolitic shists adjacent to black 
shales. Arsenopyrite treats in two morphological types: 
l. The enhedral, severely cataclased arsenopyrite forms 

crystalline aggregates with grainsize ranging from <10 
µm to 100 µm (samples: T-24, T-39, T-40, Tab. 3, 
analyses 1 to 7). It often intergrows with coarse-grained 
pyrite. The sectional zonality due to the irregular distri­
bution of Sb (bright zanes) and As in arsenopyrite 
grains is shown on SEM images (Fíg. 9) . Grains with 
exceptionally high Au concentration up to 6700 ppm 
occur in T-24 sample, (Tab. 3, analyses I to 4). 

2. Euhedral (sometimes subhedral) arsenopyrite forms 
crystallic aggregates and isolated crystals of size up to 
150 µmin carbonate and quartz. The inner grain tex­
ture is heterogenous, oscillatory zonation is frequent 
(Fig. 10). The alternation of bright and dark zanes is 
again related to differences in As and Sb di stribution. 
Arsenopyrite with diffuse zonality occurs rarely 
(sample T-20). lncreased contents of Au was scarcely 
detected in several grains by means of electron micro­
probe (up to 800 ppm, Tab. 3, analysis 8). 
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According to electron microanalyses arsenopyrite has 
high contents of S, decreased contents of As and adequate 
contents of Fe - Fe1.005As0_85S u 35 considering theoretical 
arsenopyrite composition. Contents of As is 27 at. % in 
average, which is too low for implementation of the 
Kretschmar & Scotťs (1976) arsenopyrite thermometer. 
As is replaced by Sb in samples where value of correla­
tion coefficient is -0.8. Younger carbonatic veins with Sb 
mineralization leak into thi s arsenopyrite mineralization. 
Arsenopyrite is replaced by stibnite and it contains ex­
tremely Sb rich zanes with contents of Sb up to 11 wt. %. 

Besides these two types some other arsenopyrite mor­
phological varieties were discerned: (a) Extremely cata­
clased and corroded arsenopyrite occurs in zone of 
intensive deformation between black shales and actinoli­
tic schists. Arsenopyrite impregnated the rock along the 
schistosity and was subject to superimposed deformation. 
(b) Tiny isolated euhedral crystals of arsenopyrite, often 
accompanied by stibnite, occur in thin carbonatic veins. 
These crystals were not affected by deformation and thus 
represent the youngest generation of arsenopyrite. 

Pyrite of hydrothermal origin forms subhedral, 
scarcely euhedral crystals and their aggregates, often 
intergrown with cataclased arsenopyrite (Fíg. 11). Age 
relations in such aggregates are ambiguous and crystalli­
zation intervals of the two minerals seem to overlap. Ag­
gregates with gudmundite were observed as well. (Fig. 
11). Pyrite grains often enclose quartz and carbonate in­
clusions. Typical is slight optical anisotropy of pyrite due 
to admíxture of As, zonality is rare. The Au contents of 
up to 10 ppm were detected in pyrite (see analyses in ta­
ble 3). 

Gudmundite is rather abundant ore mínera! in the 
samples from the Trojárová adit. We distinguished two 
generations. Gudmundite-1 occurs as disseminated clus­
ters of subhedral and anhedral crystals in arsenopyrite 
and arsenopyrite-pyrite aggregates or it forms monomin­
eral aggregates and veins in pyrite and arsenopyrite (Fíg. 
11). lt often encloses relict grains and fragments of arse­
nopyrite. Pyrrhotite either penetrates into gudmundite 
aggregates (Fíg. 12) or occurs along with gudmundite as 
isolated clusters in carbonates. Gudmundite-1 is usually 
present in boundary zanes of carbonatic veins with Sb­
mineralization (Fig. 13), where it directly contacts quartz 
crystals and often also pyrrhotite. Gudmundite II associ­
ates with stibnite, berthierite, native Sb or with Sb ox­
ides/sulphooxides. Cataclased gudmundite is often 
replaced by stibnite. Admixtures of other elements were 
not detected (Tab. 4, analyses 1-3). 

Pyrrhotite occurs in two morphological types. 1. 
Veins of pyrrhotite intrude into the arsenopyrite­
gudmundite aggregates (Fíg. 12). 2. Pyrrhotite of younger 
generation is euhedral or subhedral, occurs as a compo­
nent of carbonate veins, where it is accompanied by 
berthierite and native antimony (Fig. 14), intergrows with 
native antimony (Fig. 15) or gudmundite (Fig. 16), rarely 
with arsenopyrite (Fig. 17). The mínera! pairs gudmun­
dite-pyrrhotite, resp . native antimony-pyrrhotite exhibit 
equilibrium microstructures . On the other hand, pyr­
rhotite is intensively replaced by stibnite (Fíg. 16) and 
berthierite, often even pseudomorphed by the later. 
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Fig. 6 

Fig. 7 

Fig. 8 

Fíg. 9 Fíg. IO 

Fíg. 6 Morphology of graphite from the concentrate, graphite grain is marked with character "x". SEM image, satie bare corre­
sponds to IO µ.m. 
Fíg . 7 Typical texture of synsedimentary pyrite (white) jrom pyrite-pyrrhotite mineraliz.ation in black sha/es of Trojárová deposit, 
reflected light, scale bar is 500 µ.m. 
Fíg. 8 Crysta/ oj molybdenite from greisenized granite, borehole sample PT 451271. 1. I unit is 1 cm. 
Fíg. 9 Irregular sectorial w nation oj inhomogeneous, cataclased arsenopyrite grains in black quartz from the first stage of hydro­
thermal mineralization, SEM image, scale bar is 100 µ.m. 
Fíg. IO Typical laminar w nation of fin e-grained euhedra/ arsenopyrite, the first stage of hydrothermal mineraliw tion, SEM image, 
scale bar is IO µ.m. 
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Fíg. 11 

Fíg. 13 

Fíg. 15 

llf 
·-·l ,. . 

Fíg. 12 

Fíg. 14 

Fíg. 16 

Fíg. l 1 Sample with gudmundite (gud) pene/rating the arsenopyrite (asp) - pyrite (py) aggregate affected by cataclasis, SEM image. 
scale bar is 100 µ,m . 

Fig. 12 Reflected light microphotograph of pyrrhotíte (po) penetrating the brecciated gudmundite (gu) aggregate, scale bar is /00 µ,m. 

Fig . 13 Vein of younger berthierite (brt) pene/rating the gudmundite (gud) aggregate of older stage, borehole sample PT - 52í7, 
reflected light, scale bar is 100 µ,m . 

Fíg. 14 Reflected light microphotograph oj relatíonship between oj needle-shape pyrrhotite (po), berthierite (brt) and fin e aggregates 

of native antimony (ani) i11 a carbonate ( carb) vein penetrating voids in quartz ( q) aggregate, bo rehole sample PT - 57/137.4. SEM 
image, srnle bar is 100 µ,m . 

Fig. 15 Textural relationship between pyrrhotite (po) and native antimony (ant) in carbonate vein (carb), ore mínera/s are in sharp 
contact. This mineralization is in contact with older quartz crystals (q), scale bar is 100 µ,m (reflected light). 

Fíg. 16 lntergrowth of pyrrhotite (po) and gudmundite (gud) - an equilibrium association, stihnite (stb) replaces the pyrrhotite, re­
flected light, .ľcale bar is 100 µ,m. 
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Tab. 3 Elec1ro11 microprobe analyses of arse11opyri1e (wt. %), !he Pezinok- Trojárová deposit. 

Analyse 1 2 3 4 5 6 
number 

Sample T-24 T-24 T-24 T-24 T-39 T-39 

ľ-e 33. 19 33.18 34. 16 33.83 35.35 35.18 
Sb 0.04 0.06 0.07 0.06 0.00 0.00 
Bi 0.1 3 0.12 0.03 0.07 0.00 0.00 
s 22.08 23. 17 21.46 22.89 22.64 23.97 

Au 0.67 0.54 0.04 0.00 0.00 0.00 
As 42.06 41.69 42.80 42.25 41 .30 40.14 

i 0. 15 0.00 0.24 0.00 0.00 0.00 
Co 0.00 0.00 0.00 0.00 0.00 0.00 
ľ 98.32 98.76 98.80 99.10 99.29 99.29 

Fe 0.96 0.95 0.99 0.96 1.00 0.99 
Sb 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 
s 1.12 1.16 1.08 1.1 4 1.12 1.17 

Au O.OJ 0.00 0.00 0.00 0.00 0.00 
As 0.91 0.89 0.92 0.90 0.87 0.84 
Ni 0.00 0.00 0.00 0.00 0.00 0.00 
Co 0.00 0.00 0.00 0.00 0.00 O.OD 

Stihnite is a componcnt oť carbonate veins cutting the 
arsenopyrite-pyrite paragcnes is and filling fractures in 
cataclased arsenopyrite a nd pyrite crystals. These ve ins 
also penetratc into surrounding actinolithic shales. The 
contents of stibnite is generally low. Several textural 
types were dcterminated : 

1. Massive monominera l stibnite aggregates show evi­
dences of superimposed dynamic recrystallization , 
such as deformation twins, shape-preferred orienta­
tion and even ťeatures of crystallographica ll y pre­
ferred orientation of aggregates. Stibnite encloses 
quartz and older gudmundite with signs of corrosion 
and replacement. Stibnite of thi s type often intergrows 
wi th mass ive nati ve antimony, however, their contact 
is rarely direct - Sb ox ides/sulphooxides occur as an 
interface instead . (This applies mostl y on the Antimo­
nitová adit samplcs, Kolársky vrch). Stibnite associ­
ates with pyrrhotite and berthieri te (Fíg. 14) and also 
occurs in mixtures of Sb oxides/sulphooxides, proba­
bly as a relict (Fig. 18). 

2. The ve in-filling stibnite, (likewise berthierite), often 
replaces pyrrhotite in its aggregates with gudmundite 
or with native antimony (Fíg. 16, 17, respectively) . 
Sometimes stibnite was observed to cement aggre­
gates of these minerals. 

3. Radia) stibnite aggregates crystallized in cavities of 
Sb oxides/sulphooxides as we ll as along fissures in 
thc host rock likcly represent thc you ngest sti bnite 
generation remobilized in the )atest mineralization 
stage. The thin stibnite veins often seal hydrau lically 
brecciated oxide aggregates . Stibnite identification 
was confirmed by e lectron microprobe analyses (Tab. 
4, analyses 4-6). 

7 8 9 lO 11 12 13 14 

T-39 T-20A T-29 T-29 T-29 T-30 T-30 T-30 

35.69 35.61 35.09 34.31 35.87 36.8 1 35.60 36.03 
0.00 1.52 1.12 0.35 0.99 0.00 0.4 1 0.00 
0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 

22.93 20.05 24.58 23 .7 1 23.45 22.30 24.99 23.92 
0.00 O.OJ 0.00 0.00 0.00 0.00 O.DO 0.00 

41.1 8 42.73 38.46 41.19 39.87 41.80 39.42 40.63 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

99.80 99.92 99.24 99.55 100.22 100.91 100.42 100.58 

recaltulated on the 3 oť atoms 

1.01 1.04 0.98 0.97 1.01 1.03 0.98 1.00 
0.00 0.02 O.OJ 0.00 0.01 0.00 O.OJ 0.00 
0.00 O.DO 0.00 0.00 0.00 0.00 0.00 0.00 
1.1 3 1,02 1.20 l.l6 1.15 1.09 1.2 1.16 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.87 0.93 0.80 0.87 0.83 0.88 0.81 0.84 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Berthierite is rare and iťs occurrence is re lated to Sb 
mineralization in carbonate veins (Fíg. 14). It forms thin 
vei nlets in pyrrhotite, sometimes also monomineral ag­
gregates. Berthierite replaces and pseudomorphs pyr­
rhotite . In its intergrows with tclraedri te and arsenopyrite 
berthierite forms cores of these aggregates. Berthierite is 
more abundant in association with stibnite and kcrmesite 
within carbonates, where it forms veins and spicular crys­
tal s (Tab. 4, ana lyses 7 and 8). 

Native antimony is scarce, it seldom occurs in larger 
clusters oť anhedra l isometric grains or aggregates with 
mosaic structure (Fíg. 14, 15, Tab. 4 , analysis 9). Signifi­
canl accumulations of native antimony were observed in 
samples from the Antimonitová adi t (Kolársky vrch de­
posi t), where it often dominates over Sb sulphides and 
forms mass ive monominera l aggregates. Study of the 
Trojárová locality supplemented by the samples from 
Kolársky vrch deposit, rcvealed, that native antimony, 
accompanied by pyrrhotite, gudmundite, berthierite and 
sti bnite, is a component of carbonatic minerali zation. Na­
tive antimony intergrows with pyrrhotite, forming equi ­
librium microstructures. It is frequentl y corroded and 
replaced by kermezite, va lentinite and senarmontite, 
which commonly occurs along the boundaries with quartz 
grains. 

Galenite and spha/erite are very rare. Galenite seals 
the fissures in sphalerite aggregates. Fe contents in the 
sphaleri te is about 5 wt. % (Tab. 4, analysis 11 ). lt also 
associates wi th gudmundite and pyrrhotitc. 

Chalcopyrite, as very rare mineral , occurs in par­
ageneses with tetrahedrite and gudmund ite or it forms 
individual anhedral grains in carbonate veins, wh ich 
penetrate into cataclased arsenopyrite-pyrite aggrcgates . 



Tab. 4 Elecrron microprobe a11alyses oj mi nera/s oj s1ib11ire 111inerali:ario11 (wr. %), rhe Pezinok - Trojároľá deposir, g11d1111111dire ( / .] ). srib11ire (4-6), berrl,ierire (7. 8). 11arive w11imo11y (9 ). galena 

(10). sphalerite (11 ), tetrahedrite (12), pyrire (1 3. 14). 

Analyse number 1 2 3 4 5 6 7 8 9 IO II l2 13 14 

Sample T-39 45/8 45/8 36/ 10 45/2 T-20A 57/171.9 45/8 57/137.4 11 / 139.8 l l/ 139.8 45/8 T-39 T-30 

Fe 28.32 24.39 25 .39 0.21 0.02 0.24 12.54 12.67 0.24 0.03 5.83 5.92 46.96 45 .66 

Sb 55.77 61.52 60.15 73 .27 73.65 73 .36 58.57 58.51 99.98 . . 3 1.86 0.00 0.00 

Bi . 0.03 . . 0.22 . 0.80 . 0.00 . . . 0.00 0.00 

s [6.56 15.27 15.54 26.88 25.28 27.80 28.97 28.49 0.02 l2.98 3 1.84 25.4 1 54.92 53 .02 

Au 0.00 . . . . 0.00 . . - . . . 0.00 0.00 

As 0.00 0.35 . . 0.1 2 0.00 0.02 0.70 0.00 . . . 0.00 2.55 

Ni . . . 0.02 . . . 0.02 . . - - 0.00 0.00 

Co - 0.02 - 0.01 0.03 - - - - - - - 0.00 o.oa 
Cu . 0.14 - - 0.02 - - 0.15 - - - 36.98 - -

Zn - - - 0.01 0.01 . . - - 0.09 6 l .08 0.80 - -

Hg - 0.06 - 0.33 0.19 - 0.32 0.09 0.38 - . 0 .7 1 - -

Mn - . - - - - - - - 0.07 0.03 - - -

Cd - - - - - - - - . 0.03 0.45 - - -
Ao . 0.02 

"' 
- 0.05 O.OJ - - 0.02 - 0.04 - 0.07 - -

Pb - - - - - . - - - 86.6 1 - - . -

I: 100.71 101.80 101.08 l00.78 99 .55 101.40 1 O 1.22 l00.65 l00.62 99 .85 99 .23 101.75 101.89 1 O 1.22 

recaltulated on the I: of atoms 3 3 3 5 5 5 7 7 - 2 2 29 3 3 

Fe 1.02 0.92 0.95 0.01 o.oa 0.01 0 .97 0.99 - 0.00 O. IO 1.83 0.99 0.98 

Sb 0.93 1.07 1.03 2. 11 2. 16 2.04 2. 09 2.09 - . - 4.33 o.oa o.oa 
Bi . o.oa - - 0.00 - 0.02 - - - . . o.oa 0.00 

s 1.04 1.0 1 1.01 2.88 2.82 2.94 3.92 3.87 - 0.98 0.98 13. 17 2.01 1.98 

Au 0.00 - - - - 0.00 - . - - - - o.oa o.oa 
As o.oa o.oa - . 0. 12 o.oa 0.23 0.04 - - - . 0 .00 0.04 

Ni - - - o.oa - - - 0.00 . - - - 0.00 0.00 

Co - 0.00 . o.oa 0.00 . - - - - - - o.oa 0.00 

Cu . 0.00 - . 0.00 - - 0.0 1 - - - 9.67 - -
Zn - . - 0.00 0.00 - . - - 0.09 0.92 0. 16 - -

Hg - 0.00 - 0.00 0.00 . 0.01 0.00 - . - 0.00 - -

Mn . . - - - - - - - 0.00 0.00 - - -

Cd - - - - . - . - - o.oa 0.00 - - -
Ao . 0.00 0.00 0.00 0.00 -,,. . o.oa - o.oa - o.oa - -

Pb - . - - - - - - - 1.01 - - - -
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Fig. 17 PyrrhotiÍe (po), arsenopyrite·(wp), stihnite (stb) in car­
bonate (carb) vein. Pyrrhotite is replaced by stihnite, arsenopy­
rite appears t11 be in eq11ilibri11111 with pyrrhotite, adit .wmple, 
SEM image, sca/e bar is 100 µ111. 

Tetrahedrite is rare, it associates with chalcopyrite, 
berthierite, eventually with native antimony. From the 
chemical composition follows its classification as an Sb 
member of the tetrahedrite-tenantite series with mi nor As 
contents and increased Fe contents. Contents of Zn, Hg, 
and Ag are low (Tab. 4, analysis 12). 

Ullmanite was recorded in calcite veins with gudmun­
dite, chalcopyrite, tetrahedrite, and berthierite. Detailed 
description and data for this mineral are summarised in 
Andráš & Chovan ( 1995). 

Gold is chemically bonded preferentially to arsenopy­
rite and pyrite with contents up to 230 ppm (Andráš et al., 
1995, 2000). ltc; distribution is irregular and Au bonding 
in sulphides is not satisfactorily explained. No visible 
gold was recorded on the Trojárová deposit. 

Sb oxides and sulphooxides represent a unique stage 
in the Sb-Fe-As-Au mineralization, characterized by shift 
from sulphidic towards oxidic conditions. Abundant ker­
mesite forms aggregates or spicular crystals, often ra­
diall y arranged. In massive ores it intergrows with 
stibnite and also associates with gudmundite, berthierite 
and native antimony. Kermesite also forms intergrowths 
with other Sb oxides/sulphooxides (Fíg. 18). Valentinite 
was identified optically and microchemically (Tab. 5, 
ana lyses 2, 3). Senarmnntite is isotropic and intergrows 
with kermesite and valentinite . Cervantite was also iden­
tified macroscopically. Sb oxides/sulphooxides replace 
native antimony and stibnite, especially along boundaries 
between the two minerals or along their boundaries with 
quartz. Relics of the primary phases often occur in the 
aggregates of Sb oxides/sulphooxides (Fíg. 18). Aggre­
gates of Sb oxides/sulphooxides were intersected by 
veins of younger generation of stibnite, which has a lso 
sealed hydrau lic fractures in these aggregates (samples 
from Antimonitová adit, Kolársky vrch). 

Gangue minerals 

Carbonates are dominant gangue minerals on the Tro­
járová deposit. They form lenses and veins in black 
shales of thickness ranging from centimetres up to several 
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Fíg. 18 SEM image of replacement text11re oj hypogene kem,e­
site (dark grey). valentinite (grey ) and native antimony (white), 
scale bar is /00 µ111 . 

decimetres but rarely they also occur in adjacent "actino­
litic" schists and amphibolites. Fine- to medium grained 
carbonate aggregates of grey or yellowish-white colour 
are usually intergrown with quartz and host As-, Sb-, and 
Fe-sulphides. According to OTA and manometric analy­
ses dolomite-ankerite prcdominate, calcite is more sel­
dom. The younger (several mm thick) carbonate veins of 
white colour, intersecting older mass ive carbonatic ag­
gregates and upright penetrating the schistosity, consist 
exclusively of calcite. Marcas ite is present in these calcite 
veins. 

Quartz accornpan ied by arsenopyrite and pyrite forms 
cataclased lenses and short veinlets in black shales. 
Quartz of younger generation, associated with Sb sul ­
phidic mineralization, occurs very rarely. 

Discussion and conclusions 

Trends of enrichment factors of metallic elements in 
ore-bearing black shales of the Trojárová deposit are 
simi lar to those in other productive zanes in wider Pezi­
nok area. This concems mainly Corg, Cmin, As, Sb, Au, S, 
Mo, and V. High contents of S is due to intensive pyriti­
zation in black shales and surrounding rocks. The con­
tents of Sb, Au and As in black shales are markedly 
increased in comparison with weekly altered and unal­
tered rocks . Variations in the S concentration depend on 
the intensity of pyritization. Sb and As enrichments in 
black shales are negligible and show negatíve correlation 
with Corg· As, Sb, and S contents are slightly increased in 
hydrothermally a ltered rocks. 

Correlation relations between elements indicate 1) 
binding of Au to arsenopyrite; 2) close association of ore 
minerals with carbonates and 3) intensive pyritization of 
black shales. Since the Sb mineralization is hosted in car­
bonate veins, often cutting the black shale foliation, it is 
considered as epigenelic. However, significant positive 
correlation of Sb and C0 ,g and weak negatí ve correlation 
of Sb and Cmin in l2 samples from boreholes (Fig.4) con­
tradict to this statement. The explanation is problematic. 
Macroscopical crystals of Sb minerals and their variable 
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Tab. 5 Elec1ron microprobe analyses of mo/ybdenite ( 1) and Sb 
oxides (2,3) and sulphooxides (4-6), the Pezinok - Trojárová 
deposit. 

Analyses 1 2 3 4 5 6 
number 
Sample 45/271 57/171.9 57/171.9 57/171.9 57/171.9 57/171.9 

As - O.IO 0.00 0.00 0.17 0.00 

Bi - 0.00 0.05 0.39 0.00 0.00 

Fe - 0.01 0,03 1.47 0.00 1.13 

Hg - 0.61 0.00 0.90 0.17 0.41 

Mo 60.54 - - - - -

s 39.20 0.09 0.03 20.14 18.68 18.37 

Sb - 80.22 80.51 73 .18 74.99 73 .72 

w 0.20 - - - -

r 99.94 81.03 80.62 96.08 94.01 93.63 

Rccaltu- 2 3 3 1 1 1 
latcd on atoms oxve.cns oxygens oxygen oxygen oxv11.cn 

Mo 1.02 - - - - -

s 1.98 - - 2.16 1.88 1.85 

Sb - 1.78 1.79 2.07 1.99 1.96 

o - 3.20 3.27 0.84 1.20 1.23 

r - 4.98 5.06 5.07 6.07 6.04 

content in carbonate veins can devalue results of statisti­
cal analysis. Association of Sb mínerals with carbonate 
veins was confirmed by statistical analysis of 42 samples 
from borehole, with positive correlation between Cmin and 
Sb (r = 0.51) (Chovan et al., 1990), as well as in samples 
of black shales form Trojárová ad it (Fíg. 5). 

Three ore mineralizations types were distinguished 
(Table 6). The oldest exhalation-sedimentary pyrite min­
eralization has evolved in black shales and was subse­
quently metamorphosed. Dominant association pyrite­
pyrrhotite is accompanied by accessory chalcopyrite and 
sphalerite. In the same environment the Jater superim­
posed hydrothermal Sb-Fe-As-Au mineralization took 
place. The occurence of the molybdenite mineralization is 
restricted to the Jeucogranite. 

Arsenopyrite is the most abundant ore mineral in 
samples of hydrothermal mineralization from the Tro­
járová deposit, pyrite is less frequent. Gudmundite, pyr­
rhotite and stibnite are rather abundant in samples from 
Sb-mineralization. Sphalerite, berthierite, native anti­
mony, tetrahedrite, chalcopyrite, and ullmanite are rare. 
The Au- enrichment was detected in all textural varietes 
of arsenopyrite and pyrite. Pyrite from surrounding rocks 
is depleted in Au. Native gold does not occur. Gangue 
minerals involves predominantly ankerite, minor calcite 
and quartz. 

Despite that complete succession scheme cou\d not be 
figured out, five evolution periods of hydrothermal min­
eralization were discemed (see Table 6). The Sb-Fe-As­
Au mineralization encompasses several mineral stages. 

Pyrite-arsenopyrite stage (1 st stage, table 6) associ­
ates with carbonates and with dark quartz. Low As con­
tents in studied arsenopyrites does not permit application 
of the arsenopyrite geothermometer of K.retschmar & 
Scott (1976), nevertheless, analogical samples from the 
Kolársky vrch deposit yielded temperature ranges 350-
410 °C and 350-450 °C (using geothermometers of 
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K.retschmar & Scott, 1976 and Sundblad et al., 1984, re­
spectively) for crystallization of arsenopyrite (published 
in Andráš & Horváth, 1985, Andráš et al., 1999). In­
creased influx of Sb in the 3rd stage probably caused the 
observed anomalous Sb contents in arsenopyrite. 

Younger gudmundite I (2nd stage, table 6) often 
penetrates the pyrite-arsenopyrite aggregates. Such min­
eral association is stable at increased JS2 or increased /02 

(Williams-Jones & Normand, 1997). 
Other mineralization stages are characteristic by in­

tensi ve carbonatization and presence of Sb minerals. 
Paragenesis gudmundite-bertbierite-pyrrbotite-na­

tive antimony-stibnite (3rd stage, table 6) is abundant in a 
carbonatic veinstone from boreholes. Carbonate veins with 
Sb sulphides and veins with pyrrhotite intensively pene­
trate the arsenopyrite and arsenopyrite-pyrite aggregates. 
Pyrrhotite frequently intergrows with gudmundite or with 
native antimony. Pyrrhotite coexists in a stable associa­
tion with native antimony, which is a rather uncommon. 
According to Borodaev et al. (1985) and Williams-Jones & 
Normand (1997) such association is stable at high tem­
peratures (Fig. 19). Other example of similar textural rela­
tions between the two minerals is described from the 
stibnite deposit Quebec Antimony in Canada (Normand et 
al., 1996). The observed associat1on pyrrhotite­
gudmundite, which also appears in textures indicating 
a stable coexistence, is, on the contrary, stable at lower 
temperatures than pyrrhotite-native antimony paragenesis 
(Fíg. 19). 

~ 
bQ 
o 
~ 

1/TK 
Fíg. /9 Topology oj the system Fe-Sb-S among the phases stih­
nite (Stb), nalive antimony (Ani), gudmundile (Gud), berthierite 
(Brt), seinäjokite (Snj), pyrite (Py) and pyrrhotite (Po). (After 
Williams-Jones and Normand 1997). 

Pyrrhotite of both associations (with gudmundite and 
with native antimony, respectively) is intensively re­
placed by stihnite and berthierite. According to phase 
diagrams of the system Fe-Sb-S-O proposed by Wil­
liams-Jones & Normand (1997) this phase transition indi­
cates a decrease of temperature (Fig. 19). 
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Tab. 6 Succession, mineral assemblages and elemenls addition, 
lhe Pezinok - Trojárová deposil 

MINERALlZATION MINERAL ELEMENTS 
ASSAMBLAGES 

metamorphosed pyrite, pyrrhotite, Fe,S 
exhalatíon- sphalcrite, 
sedímentary chalcopyríte 

hydrothermal molybdenite Mo, S 
in granítoíds 

hydrothermal Sb-Fe-As-Au in 
black shales, 
stages: 

1. ankerite, calcite, quartz Ca.Mg 
arsenopyrite and py- S, As, Fe, Au 
rite wí th 
invisible gold 

2. gudmundíte I, pyr- Sb, Fe, S 
rhotíte I, pyrite, 
quartz Si,O 

3. ankerite, calcite Ca, Mg,C 
pyrrhotíte II, natíve S, Sb, Fe, Ní, 
antímony, Cu,O 
gudmundite Tl, 
berthierite, stihnite I, 
kermesite, valentínite, 
uullmaníte, tetrahedríte, 
chalcopyrite 

4. stibnite II, (arsenopy- As, Fe, Sb, S 
rite, gudmundite) 
(rccrystallísed) 

5. calcite, marcasíte Ca, C, O, Fe, S 

Gudmundite appears to have coexisted stably with 
berthieríte. Gudmundite crystallizes at relatively wide 
spread of jS2, however, its association with berthierite is 
stable at higher values of JS 2 (Fig. 19, Williams-Jones & 
Normand 1997). On the contrary, overgrowths of gud­
mundite with stihnite show features of corrosion. 

In our samples berthierite is far less abundant than 
stihnite. Williams-Jones & Normand (1997) explained 
that if cooling is a controlling factor of mineral deposi­
tion, at the state of unbuffered .f02 (resp. JS2) berthierite is 
replaced by stihnite on the cooling path. 

Mínera) association stibnite-hypogene kermesite-va­
lentinite-senarmontite is stable at increased j02 and high 
Sb activity (Williams-Jones & Normand,1997). However, 
the coeval crystallization of stihnite and Sb oxides / sulfo­
oxides is not evident frorn textures. The native antirnony, 
stihnite of the 3rd stage (see Table 6), berthierite and gud­
mundite occur as relics after oxidation in hypogene Sb 
oxides/sulfooxides. The occurence of native antimony was 
previously commented by Carnbel (1959) who considered 
it as a transition element on the oxidation path from gud­
rnundite to Sb oxides/ sulfooxides. 

The recrystallised euhedral arsenopyrite, tetrahedrite, 
chalcopyrite and ullrnanite are probably connected wi th 
3rd stage (Table 6) rnineralization stage. 
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Late stage stibnite - stihnite II ( 41
h stage, table 6) (thin 

veinlets, radia) aggregates and cernents in aggregates of 
Sb oxides/sulfooxides) appears to be younger than Sb 
oxides/sulfooxides and coexist with them in a direct con­
tact. It fills fissures and cavities in the Sb oxides/ su lfo­
oxides and native antimony, oflen crystallized along 
boundaries between quartz and rnassive native antimony. 
The youngest recrystallised stihnite fills the fissures in 
host rocks. According to Williarns-Jones & Normand 
(1997) stihnite formation is favored by reductive condi­
tions in a course of cooling. 

Mineral associations on the deposit Trojárová are 
analogous to those on the Quebec Antimony deposit, 
Canada (Williarns-Jones & Normand, 1997) where gud­
mundite and native antimony are dominant ore minerals 
(Normand et al., 1996) and probably experienced similar 
evolution, cornparable also with other Sb deposits, such 
as Marí Rosa and El Juncalón deposits in Spain (Ortega 
& Vindel, 1995), deposits in Montagne Noire region, 
France (Munoz & Shepherd, 1987), o r the Moretons 
Hratbour deposit in Canada (Kay & Strong, 1983). Ac­
cording to Williams-Jones & Normand (1997) the main 
factor controlling the stibnite deposition is decreasing 
temperature. 
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Tennantite from the vein Mayer, baňa Mária deposit in Rožňava, 
Spišsko-gemerské rudohorie Mts. 

ANTALBORIS 

Department ofGeology ofMineral Deposits, FacuJty ofNatural Sciences, Comenius University, 
Mlynská dolina, 842 15 Bratislava 

Abstract: Tennantite has been determined at the deposit Rožňava, located at the eastem margin of the south­
ern belt of deposits in the Spišsko-Gemerské Rudohorie Mts., formed by deposits of the siderite-sulphide 
formation. Tennantite was not described from deposits of this belt so far. 
This mineral was determined from the vein Mayer, located in the eastern part of the deposit Rožňava at the 
mine Mária in the chaJcopyrite-pyrite aggregate. Here it forms a fine network of veinlets associated with 
mixed phases of tetrahedrite composition. Th.ese veinlets consist of phases that form three generations, based 
on textural-structural relations and different chemical composition. The youngest generation cements older 
part ofthe aggregate. Jt is predominantly homogeneous with high As (3.57-4.08 atoms) and Fe (1.6-1.86 at­
oms) contents and low scatter of their values - this is Fe-tennantite. Older generation is formed by zoned, 
crushed aggregate with variable concentrations of both As and Fe, increasing towards the margin of the ag­
gregate. It is formed by a mixed Fe-type of tetrahedrite-tennantite ( l.06<As<3.14; l.26<Fe<l.61 atoms). A 
fragment (crystalline core) in the previous phase of mixed composition represents the oldest generation. 
Typically, it has an excess of S and PMe, lower Fe content from 1.25 to 1.37 atoms and high Sb content - this 
is Fe-tetrahedrite. Jts chemical composition is similar to tetrahedrites from other samples from the vein 
Mayer. These represent Sb-member of the mineral series with lower Fe content compared to other analyses 
(1.34-1.60 atoms), with significant excess of PMe and Meat the expense of S and with the presence of mi nor 
elements, such as Hg (0.8-2.31 wt.%), Bi (0.06-0.73 wt.%) and Ag (0.27-0.81 wt.%). 

Keywords: Spišsko-Gemerské Rudohorie Mts., hydrothermal mineralisation, Fe-tetrahedrite to Fe-tennantite. 

lntroduction 

Rožňava is the most important ore deposit region in 
the southern belt of deposits in the Spišsko-Gemerské 
Rudohorie Mts., formed by deposits of the siderite­
sulphide formation. 

This region consists of a dense cluster of vein struc­
tures having a lens-like form of veins, both in their direc­
tion and dip. The course of veins is conforrnable to the 
general direction of rocks and their cleavage planes 
formed by Alpine tectonics. Vein structures are of inter­
foliaceous, intercleavageous type (Bernard, et al., 1981; 
Ilavský, et al., 1979; Rozložník, 1982; Slavkovský, 1978; 
Varček, 1973 ; 1973a; Varček, et al., 1968). 

The deposit region is divided into two parts: the west­
ern part formed by a fan of veins in the massif of the 
ground elevation Turecká, and the eastern one, formed by 
a number of veins located N from the town Rožňava in 
the area ofRožňava spa. The vein Maria, with the parallel 
segment called Mayer or Mária II, is the most important 
vein in the eastern part. Recently, blind lodes called 
Strieborná and less important vein Pallag in SE have been 
discovered here too (Babčan & Novák, 1961 ; Fusán, et 
al. , 1963; Mesarčík, 1986, 1991, 1996; Paholič, 1969). 

The vein Mária occurs here in a complex of rocks of 
the Gelnica group, formed by altemating quartzites, 
quartz-sericite phyllites and porphyroids of the Drnava 
group of beds (Bernard, et al., 1969; 1981 ; Ilavský, et al., 

1964; Novák, 1959; Rozložník, 1973, 1981; Slávik, et al., 
1967; Varček, 1954, 1954a; Varček, 1959; Varček, 1973; 
1973a; Varček, et al., 1968). 

According to studies of Varček (1953 - 1961 ), Novák 
(1960), Rozložník (1981) and Mesarčík et al. (1986) the 
vein has a simple mineralisation. In siderite, veinlets with 
quartz and abundant tetrahedrite, minor pyrite and rare 
chalcopyrite occur. In this study a range of other primary 
and secondary rninerals has been deterrnined (fig. 1). 

The vein Mayer is considered as a SW segment of the 
vein Mária, duplicated by tectonics (Abonyi et al. , 1977). 
Before, it was regarded as a separate vein cropping out in 
the area of the hill Kalvária, where Cu and Ag ore used to 
be rnined. The mineralisation is sirnilar to the vein Mária, 
but it contains less tetrahedrite. 

Strieborná vein structure was opened at 13th level 
during the exploration of the SE vicinity of the deposit. 
Nowadays, the deposit is opened also on the 10th and 8th 

levels, it has the average thickness of 4.9 m and a variable 
screw-shaped inclination alike the vein Mária. 

Mineralogy of tetrahedrite 

Tetrahedrite, the most abundant mineral of ore veins 
at the deposit, together with chalcopyrite form the main 
components of the primary copper ores. Together with 
chalcopyrite and quartz it forms a network of thin vein­
lets, penetrating siderite, or irregular massive aggregates 
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Stage Siderite Quartz-ankerite Quartz-sulphide Quartz- Supergenne 

siderite stihnite minerals 

Substaae 1 2 1 2 3 

Quartz i.-.. - - -
Sericite - -
Turmaline - -
Albite -
Hydromica - Aflophane 

Apatii - Aragonite 

Siderite - r.. .... - Annabergite 

Ankerite - - Barite 

Pyrite - i- - .... i- Covellite 

Arsenopyrite ..... - Delafossite 

Gersdorffite - Erythrite 

Ullmanite - Goethite 

Kobellile - Halloysite 

Pyrhotite i- Gibbsite 

Marcasite - Calcite 

Sphalerite - - Cuprite 

Chalcopyrite ... Malachite 

Tetrahedrite ..... Mn-Oxides 

X-mineral - Cinnabar 

NativBi - Native Ag 

NalivGold - Native Hg 

Galena - - Native Cu 

Slibnite - Gypsum 

Jamesonite -Cinnabar -
Barite - -
Hematite -
Calcite -

Fíg. 1. Succession scheme oj mineralisation at the deposit Mária in Rof/lava ( Rozlož.ník, 1981 ). 

and clusters, several cenlimetres in size. Tetrahedrite also 
occurs in the form of idiomorphic crystals of tetrahedrite 
habit, 2-4 mm, max . 2 cm in size, associated with colum­
nar crystals of quarlz. In lhe past it was mined at upper 
levels of lhe deposit due to the increased Ag content that 
gradually decreased wilh depth. It intimately intergrows 
with kobellite. According to the published chemical com­
posilion only letrahedrite - Sb-end member of the iso­
morphous tehrahedrile-lennantite mineral series with As 
content up to 2.35 wt.% (Cu 30.81 -36.95; Ag 0.49-0.60; 
Fe 5.23-6.64; Zn 0.95- 1.03; Hg 1.37-2.24; Sb 25 .53-
29.06; As 0.74-2.35 ; S 24.74-25.52; Bi 0 .31-1.55 wt. %; 
vein Mária) has been described yet al the deposit (Ber­
nard, 1958; Bernard, el al., 1969; 1981; Kupčík, Math­
erny & Varček , 1961; Novák, 1959; 1961; 1967; Slávik, 
et al., 1967; Varček, I 959). 
Tennantite, the As-end member of the isomorphous tetra­
hedrite-tennantite mineral series, was described only from 
deposits of the northern siderite-sulphide belt, namely 
from the deposit Dobšiná (Ni-Cu veins, Kašpar, 1970), 

Hnilčík - district of Gretla (Bernard, et al., 1981 ; Macko 
& Ondrejkovič, 1965; Slávik, el al. , 1967; Varček, 

1973a), Košická Belá - Vodná Baňa (Ďuďa , 1976), 
Mlynky - district of Havrania dolina (Rieder, 1963), 
Slovinky (Regásek, 1968), Spišská Nová Ves - Cu­
sandstones and from the deposit Novoveská Huta (Háber, 
Kri štín & Rojkovič 1993). 

Methodology 

A study using a scanning electron microscope (JEOL 
JSM - 840 and EDAX, Geol. Survey of the Slovak Rep. 
Bratislava, D. Dubík) preceded quantitative microchemi­
cal analyses. 

Quantitative analyses were carried out on the instru­
ment JEOL SUPERPROBE 733 (Geol. Survey of the 
Slovak Rep. Bratislava) using a correlation program 
ZAF-M, 20nA beam current, 25kV accelerating voltage 
and LiF crystal. The following standards were used: pure 
Cu, Ag, Fe, Zn, Co, Ni , Bi, Sb, Te, Au, cinnabar for Hg, 
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Tab. / . Quantítatíve mícrochemícal analy.ľe.ľ of tetrahedrite-tennantite aggregates (wt. %) from the vein Mayer in Rožňava, mine 
Mária. 111 - homogeneous aggreg., br - bright phase, dk - dark phase, xx - fragmen t of bright phase; other mea.ľllred element.ľ, 

such as Au, Ni, Co, Pb, Te and Se did 1101 reach detectable co11ce111ratío11s (JEOL SUPERPROBE 733, Geol. Survey of the Slovak 
Rep. Bratisla va, P. Koneľn_ý, P. Siman and D. Ozdín.). 

Samo. No. Phase Anat. No. (Cu Ae) (Fe 

9 m 12 36,58 0,81 4,59 

9 m 13 37,23 0,76 4,68 

10 m 14 36,61 0,39 4,57 

IO m 15 37,26 0,48 4,86 

II m 16 38,02 0,31 4,72 

II m 17 37,69 0,27 4,81 

13 m 18 36,7 1 0,52 4,65 

13 m 19 37,64 0,51 4,61 

14 m 20 37,82 0,32 4,36 

14 m 21 37,26 0,32 4,81 

14 m 22 38,56 0,28 4,79 

14 m 23 37,65 0,42 4,86 

15 m 24 37,31 0,66 4,68 

15 m 25 36,89 0 ,74 4,62 

16 m 26 37,76 0,72 S,06 

16 m 27 38,48 0.61 S.Ot 

16 m 28 36,99 0,6 S,Q3 

17 br 2 40.68 o 5,62 

17 br 3 40,77 o S.82 

17 br 7 4 1,44 o s.ss 
17 br 8 41,33 o 5,6 

17 br Sl 40,53 o S,2 1 

17 br 52 41,23 o S,26 

17 br 53 41,41 o S,29 

17 br 59 40.64 o S,66 

17 br 60 38.98 o 4,87 

17 br 61 39,13 o 4,5 

17 br 62 39,94 o 4,54 

17 br 4 41,64 o 5,75 

17 dr s 42,56 o 6,85 

17 dr 6 42,15 o 6,05 

17 dr 54 42,13 o 6,3 1 

17 dr 55 41,82 o 6,44 
17 dr 56 42,06 o 6,99 

17 dr 57 42,37 o 6,91 
17 dr 58 42,25 o 7, 11 
17 dr 63 41,33 o 6,51 
17 dr 64 41.69 o 6,71 

17 dr 65 42,09 o 6.53 

17 )O( X 37,39 o 4,62 

17 xx xii 37,04 0,06 4,19 

m min 36,58 0,27 4,36 
m avg 37,44 0,51 4,75 
m max 38,56 0,81 S,06 

br min 38,98 0,00 4,50 
br avg 40,64 0,00 5,31 
br max 41,64 0,00 5,82 

dr min 41,33 0,00 6,05 
dr avg 42,05 0,00 6,64 
dr max 42,56 0,00 7 ,1 1 

arsenopyrite for As and S, Bi2Se3 for Se. Operators were 
P. Konečný, P. Siman and D. Ozdín. 

Measurements were performed on polished, degreased 
and ultrasonic-cleaned sections, coated by carbon. Apart 
from elements shown in tables I and 2 also some other 
elements, such as Au, Ni , Co, Pb, Te and Se were meas­
ured, but they did not reach detectable concentrations. 

Crystallochemical formulas of tetrahedrites were recal ­
culated according to the basic structure of the celi Me+\0, 

Me+\, PMe4, S 13. This represents 29 atoms per unit celi. 

Zn Hg) {Sb As Bi) s 'ľotal 

1,39 1,92 30,04 o.ss 0,39 24,21 100.48 

1,36 1,67 29,46 0,93 0,46 23,94 100,49 

1,13 1.64 30,43 0.73 0,51 23,05 99,06 

1,07 1,41 29,36 0,79 0,39 24,05 99,67 

1,07 1.57 29,28 1,07 0,09 23,82 99,95 

l ,07 2.08 29,43 0,87 0,32 23,85 100.39 

1,24 1,63 30,44 0,71 0,73 23,2 99,83 

1,39 0,8 29,8 1 0,79 0,29 22,44 98,28 

1,33 1,35 31, 12 0,35 0,19 23,29 HXJ,13 

1.18 l,44 31,14 0.41 0,13 21,88 98,57 

1,21 1,72 29,39 0,4 0,27 23,35 99,97 

1,08 2,02 30,37 0,4 1 0.06 23,92 100,79 

1,05 1,74 29,73 0.48 0,45 23,62 99.72 

0.83 2.3 1 29,34 0 ,7 0,25 21,46 97,14 

0,86 1,33 28.28 1.05 o.ss 21,97 97,58 

0,99 1,44 28,69 1,05 0,56 23,44 100,27 

0,49 2,18 28,35 0,92 0,69 22,26 97,51 

1,19 o 15,1 10,3 o 26,84 99,73 

0,99 o 11,16 12,82 o 27,28 98.84 
1.58 o 8,72 14,53 o 28,77 100,62 

1,58 o 9,34 14,42 o 27,92 100,19 

1,53 o 8,66 14,4 o 27,95 98,28 
1,77 o 9,13 13,9 o 28,04 99,33 

1,61 o 9,34 13,98 o 27,69 99,32 

1,02 o 10,14 13,17 o 28,28 98,91 

1,87 o 21,43 4,93 o 26,66 98,74 

2.23 o 18.33 7,66 o 27,08 98,93 
2,12 o 15,76 9,89 o 27.69 99,94 

1,52 o 7,27 15,76 o 28,48 100,42 

0,84 o 0,18 19,51 o 29,35 99,29 

1.11 o 2,86 18,08 o 29,08 99,33 
0,87 o o 19,44 o 29,39 98, 14 

0,82 o o 20,42 o 29,45 98,95 

0,65 o o 20,24 o 28,93 98,87 

o o o 20,56 o 29,46 99,30 
o o o 20,25 o 29,51 99, 12 

0,75 o 2,68 18,24 o 29,46 98,97 

o.s o o 20,68 o 29,36 98,94 

0,45 o o 20,92 o 29,49 99,48 

2,33 o 27.56 1,17 o 25.84 98.91 
2,13 o 29,09 1,23 o 25.S l 99,25 

0,49 0,80 28,28 0,35 0,06 21,46 97. 14 
1,10 1,66 29,69 0,72 0.37 23, 16 99,40 
1,39 2,31 31, 14 1,07 0,73 24,21 100,79 

0,99 0,00 7,27 4,93 0,00 26,66 98,28 
1,58 0,00 12,03 12,15 0,00 27,72 99,44 
2,23 0,00 21,43 15,76 0,00 28,77 100,62 

0,00 0,00 0,00 18,08 o.oa 28,93 98,14 
0,60 0,00 0,57 19,83 o.oa 29,35 99,04 
1,11 0,00 2,86 20,92 0,00 29.51 99,48 

Results 

Mineralogical study of ore vein filling from the de­
posit Baňa Mária detected tennantite in chalcopyrite ag­
gregate, associated with mixed phases of tetrahedrite 
composition (sample no. A- 17, vein Mayer, 1 ľh level; 
fig. 2). 

The mass ive aggregate of chalcopyrite, occurring in 
siderite veinstone, is re lati ve ly heav ily intergrown with 
"chains" of allotriomorphic pyrites. In the aggregate 
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Fíg. 2. The mine Mária, layout of veins Mária and Mayer with location of analysed samples. Cross-hatched area represents 
worked-out spaces. 

irregular inclusions of quartz and phenocrysts - metacrysts 
of carbonates of rhombohedral section also occur. A net­
work of fine veinlets of tetrahedrite-tennantite composition 
cuts the whole aggregate. Locally breccias of chalcopyrite, 
cemented by tetrahedrite, occur (fig. 3. A, B). 

Homogenity of tetrahedrite - tennantite veinlets 

A variable degree of homogenity was recognised 
during the SEM study of tetrahedrite aggregates, forming 
veinlets. Thin veinlets cutting the „chains" of pyrite ap­
pear to be completely homogeneous (fig. 3. A). 

A coarser veinlet in chalcopyrite proved to be inhomo­
geneous (fig. 3. B). It consists of two phases with a cata­
clastic mutual relationship. Older (bright) phase is broken, 
cemented and overprinted by younger (dark) phase (fig. A, 
C, D). Older phase has a banded - colloform texture. The 
altemating zones penetrate across the whole aggregate (fig. 
4. A, C), while the brighter component diminishes in di­
rection from assumed cores of crystals to the margin of the 
aggregate. The cores of crystals are formed by fragments 
of even brighter phase (fig. 4. B). 

Younger (darker) phase, that cements the crushed ag­
gregate of brighter phase, is usually homogeneous, only 
in the proximity of fragments of brighter phase it locally 
forms a diffuse to banded texture (fig. 4. D). 

Chemical composition of aggregates of tetrahedrite -
tennantite veinlets 

The chemical composition of analysed mineral 
phases, forming veinlets in chalcopyrite, varies from 

mineral aggregates of mixed composition (bright phase) 
with tetrahedrite number from 72.79 to 22.11 up to As 
end-member of the tetrahedrite-tennantite isomorphous 
series (dark phase) with tetrahedrite number from 8.87 up 
to 0.00. On the other hand, the fragment of brighter phase 
represents an Sb end-member (As<l atom.) with tetra­
hedrite number 93 .6 (tab. 1, 2) . 

These phases (dark and bright) typically have an excess 
of S compared to the theoretical composition and a lack of 
monovalent (Me+1

) and bivalent (Me+2
) metals (fíg. 5. A, 

B). The number of atoms of mettaloids (PMe) is mostly 
close to the theoretical composition (fig. 5. C, D). 

The dark phase has higher As content with low scatter 
of values around the theoretical composition of four at­
oms. The bright phase has higher content of Sb (0.89 -
2.83 atoms) and the scatter of values varies in the range 
of up to 2 atoms (fig. 6. A, B, C, D). 

Concentrations of mono- and bivalent metals form a 
smaller scatter of values (about 0.2 - 0.3 atoms). The 
concentrations of Me +i, formed by Cu only, reach higher 
values in the bright phase than in the dark one. Zn content 
values form similar relations. So the dark phase has 
higher number of As and Fe atoms, whíle the dark one 
has higher number of Sb, Zn and Cu atoms, reciprocally 
(fig. 6. B, C, D). 

The described chemical composition of As phases 
(dark and bright ones) is markedly contrast compared to 
other analysed mineral aggregates of tetrahedrite samples 
from the vein Mayer. The presence of minor elements, 
such as Ag, Hg, Bi and Sb is a characteristic for these 
aggregates. The high concentration of Sb (4 - 4.51 atoms) 



Tab. 2. Composition oj tetrahedrite-te1111a11tite aggregates (number of atoms) /rom the vei11 Mayer in Robíava, mine Mária. 111 - ho111oge11eo11s aggreg., br - bright phase, dk - dark pltase, xx - frag­

fragment of bright phase, TDíTN - tetrahedrite number; recalc11/ated /or 29 atoms (JEOL SUPERPROBE 733, Geol. S11n1ey of tlte Slovak Rep. Bratislava, P. Ko11eé11ý, P. Siman and D. Ozdín.). 

Samp. No. Phase Anal.No. Cu Ag A A/10 Fe Zn Fe+Zn Hg B B/2 Sb As Bi C C/4 s S/13 TD/ľN 

10 2 4 
9 m 12 9,78 0.13 9.91 0.99 1.40 0.36 1.76 0.16 1.92 0.96 4.19 0.12 0.03 4.35 1.09 12.83 0.99 97.1 
9 m 13 9.94 0.12 10.06 1.01 1.42 0.35 1.77 0,14 1.92 0.96 4.11 0.21 0.04 4.35 1.09 12.67 0.97 95.1 
10 m 14 10.02 0,06 10.08 1,01 1.42 0.30 1.72 0.14 1.87 0,93 4.35 0,17 0.04 4.56 1.14 12,50 0.96 96.2 
IO m 15 9.97 o.os 10.05 1.00 1.48 0.28 1.76 0.12 1,88 0.94 4.10 0.18 0.03 4.31 1.08 12,76 0.98 95.8 
II m 16 10. 16 0.05 10.21 1.02 1.43 0.28 1.71 0.13 1,85 0.92 4.08 0.24 O.OJ 4.33 1,08 12,61 0.97 94.4 

II m 17 10.07 0.04 10.12 1.01 1.46 0.28 1.74 0. 18 1,92 0,96 4.11 0.20 om 4.33 1.08 12.64 0.97 95.4 
13 m 18 9.98 o.os 10,06 1.01 1.44 0.33 1.77 0.14 1.9 1 0.95 4.32 0.16 0,06 4.54 1.14 12.50 0.96 96.3 
13 m 19 10.34 0.08 10.42 1.04 1.44 0.37 1.81 0.07 1.88 0,94 4.27 0.18 O.o2 -1.48 1.12 12.22 0.94 95.9 
14 m 20 10.21 0.05 10.26 1.03 1.34 0.35 1.69 0.12 1.80 0.90 4.38 o.os 0.02 4.-18 1.12 12.46 0.96 98.2 
14 m 21 10.34 0.05 10.39 1,04 1.52 0.32 1.84 0.13 1.96 0.98 4.51 O. IO 0.0 1 4.62 1.15 12.03 0.93 97 ,9 
14 m 22 10.36 0,04 10.40 1.04 1.46 0.32 1.78 0,15 1.93 0.96 4, 12 0.09 0.02 4.23 1.06 12.43 0.96 97.8 
14 m 23 10.04 0.07 10.11 1.01 1.47 0.28 1.75 0.17 1,93 0.96 4.23 0.09 0.00 -1.32 1.08 12,64 0.97 97.9 
15 m 24 10.07 O.IO 10.17 1.02 1.44 0.28 1.71 0.15 1.86 0,93 4.19 O. II 0.04 4.33 1.08 12.63 0.97 97.4 
15 m 25 10.42 0.12 10,55 1.05 1.49 0.23 1.7 1 0.2 1 1,92 0.96 4.33 0.17 0.02 4.52 1.1 3 12.02 0.92 96.3 
16 m 26 10.47 0.12 10,59 1.06 1.60 0.23 1.83 0.12 1.95 0.97 4.09 0.25 0.05 4,39 1.10 12.08 0.93 94,3 
16 m 27 10,29 O. IO 10.39 1.04 1.52 0.26 1,78 0.12 1.90 0,95 4.00 0.24 0.05 4,29 1.07 12,42 0.96 94,4 
16 m 28 10,30 O.IO 10.40 1.04 1.59 0.13 I.D 0.19 1.92 0.96 4.12 0.22 0.06 4.40 1.10 12.29 0.95 95,0 

17 br 2 9.99 0,00 9.99 1.00 1.57 0.28 1,86 0.00 1,86 0.93 1.94 2.15 0.00 4.08 1.02 13.07 1.01 47,4 
17 br 3 9.93 0,00 9.93 0,99 1.61 0.23 1.85 0,00 1,85 0.92 1.42 2.65 0.00 4.07 1.02 13. 16 1.01 34.9 
17 br 7 9.75 0.00 9.75 0,98 1,49 0.36 1.86 0.00 1,86 0.93 1.07 2.90 0.00 3.97 0.99 13,42 1.03 27,0 
17 br 8 9.85 0.00 9.85 0.98 1,52 0,37 1.88 0.00 1.88 0.94 1. 16 2,91 0,00 4.08 1.02 13.19 1.01 28.5 
17 br 51 9.79 0.00 9,79 0.98 1.43 0,36 1.79 0.00 1.79 0.90 1.09 2.95 0,00 4.04 1.01 13.38 1.03 27.0 
17 br 52 9,88 0.00 9,88 0.99 1.43 0.41 1.85 0.00 1.85 0.92 1.14 2.82 0.00 3.97 0.99 13.3 1 1.02 28.8 
17 br 53 9,96 0.00 9,96 1.00 1.45 0.38 1.82 0.00 1.82 0.91 1.1 7 2.85 0.00 4,02 1.01 13.20 1,02 29.1 
17 br 59 9,77 0.00 9.77 0.98 1.55 0.24 1,79 0.00 1.79 0,89 1,27 2,69 0.00 3.96 0.99 13.48 1.04 32. 1 
17 br 60 9.87 0.00 9.87 0,99 1.40 0.46 1,86 0.00 1.86 0.93 2.83 1,06 0.00 3.89 0.97 13.38 1.03 72.8 
17 br 61 9.77 0,00 9.77 0.98 1.28 0.54 1.82 0.00 1.82 0.9 1 2.39 1.62 0.00 4.01 1.00 13,40 1.03 59,6 
17 br 62 9.76 0,00 9.76 0,98 1,26 0.50 1.77 0,00 1.77 0,88 2.0 1 2,05 0.00 4.06 1.02 13.41 1.03 49.5 
17 br 4 9.80 0.00 9.80 0.98 1,54 0,35 1.89 0.00 1,89 0.94 0.89 3.14 0.00 4.04 1.01 13.28 1.02 22. 1 

17 dr 5 9.80 0,00 9,80 0.98 1.79 0,19 1.98 0.00 1.98 0,99 0.02 3.81 0.00 3.83 0.96 13.39 1.03 0.6 
. 17 dr 6 9.81 0.00 9,81 0.98 1.60 0,25 1.85 0.00 1.85 0.93 0.35 3.57 0.00 3.92 0.98 13.42 1.03 8.9 
17 dr 54 9.78 0.00 9,78 0.98 1.67 0,20 1.86 0,00 1.86 0,93 0.00 3.83 0.00 3,83 0.96 13.53 1.04 o.o 
17 dr 55 9.65 0.00 9.65 0.97 1.69 0.18 1,88 0.00 1.88 0,94 0,00 4.00 0.00 4.00 1.00 13.47 1.04 o.o 
17 dr 56 9,75 0,00 9,75 0.97 1,84 0.15 1.99 0.00 1.99 0.99 0,00 3.98 0.00 3.98 0.99 13.29 1.02 o.o 
17 dr 57 9.75 0,00 9.15 0.97 1.81 0.00 J.81 0.00 1.81 0.90 0.00 4.01 0.00 4.01 1.00 13.43 1.03 o.o 
17 dr 58 9.72 0.00 9,72 0.97 1.86 0.00 1,86 0.00 1.86 0.93 0.00 3,95 0,00 3.95 0.99 13.46 1.04 o.o 
17 dr 63 9.61 0.00 9.61 0.96 1,72 0.17 1.89 0,00 1.89 0,95 0.33 3.60 0.00 3.92 0.98 13.58 1.04 8.3 
17 dr 64 9.63 0.00 9.63 0.96 1.76 0,11 1.88 0,00 1,88 0.94 0.00 4.05 0.00 4.05 1.01 13,44 1.03 o.o 
17 cr 65 9.68 0.00 9,68 0.97 1.7 1 O.IO 1.81 0.00 1,81 0,90 0.00 4.08 0.00 4.08 1.02 13.44 1.03 o.o 
17 xx X 9.72 0.00 9.72 0.97 1,37 0.59 1.96 0.00 1.96 0,98 3.74 0.26 0.00 4.00 1.00 13.32 1.02 93.5 
17 xx x/1 9.70 O.O J 9.71 0.97 1.25 0.54 1.79 0.00 1.79 0.90 3.98 0,27 0.00 4.25 1.06 13.25 1.02 93.6 

m min 9.78 0.04 9.91 0.99 1.34 0.13 1.69 0.07 1.80 0.90 4.00 0.08 0.00 -l.23 1.06 12.02 0.92 94.31 
m avg 10.16 0.08 10.24 1.02 1.47 0.29 1.76 0.14 1.90 0.95 4.21 0.17 0.03 4.40 1.10 12.45 0,96 96,21 
m mux 10.47 0.13 10.59 1.06 1,60 0.37 1.84 0.21 1.96 0.98 4.51 0,25 0,06 4.62 1.15 12,83 0.99 98.21 

br min 9.15 0.00 9,75 0,98 1,26 0.23 1.77 0.00 1.77 o.ss 0.89 1.06 0.00 3.89 0,97 13.07 1.01 22, 11 
br avg 9.84 0.00 9.84 0.98 1,46 0.37 1.84 0,00 1.84 0,92 1.53 2.48 0.00 4,02 1.()0 13.31 1.02 38.24 
br max 9.99 0.00 9.99 1.00 1.61 0.54 1.89 0.00 1.89 0.94 2.83 3. 14 0.00 4.08 1.02 13.48 1.04 72.79 

dr min 9.61 0,00 9.61 0.96 1.60 0.00 1.81 0.00 1.81 0.90 0.00 3.57 0.00 3.83 0.96 13.29 1.02 0.00 
dr avg 9.72 0.00 9.72 0.97 1.75 0.13 1.88 0.00 1.88 0.94 0.07 3.89 0.00 3.96 0.99 13.44 1.03 1.77 
dr max 9.81 0.00 9,81 0.98 1.86 0.25 1,99 0.00 1.99 0.99 0,35 4.08 0.00 4.08 1.02 13.58 1.04 8.87 
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Fig.J. A. Chalcopyrite (pate grey) - pyrite (dark) aggregate with ten11a11tite veinlets (white). 8 . Tetrahedrite-tennantite vienlet (white 
and grey) in chalcopyrite (black). SEM images 

assigns them to the Sb end-member. An excess of PMe is 
also typical, formed by Sb itself as well as by the pres­
ence of Bi (fig. 5. C, D; 6. C; tab. 1, 2). 

Compared to As phases tetrahedrite aggregates have 
an excess of Me+1 but a lack of Me+1, despite interesting 
concentrations of Hg (0.8 - 2.31 wt. %) (fig. 5. A, B). The 
excess of Me+1 (predominantly Cu; fíg . 8. B) is so high, 
that in spite of the lack of Me+2 the total of mono- and 
bi valent elements exceeds the theoretical val ue for tetra­
hedrites. 

Interestingly, chemical composition of analyses of 
"crystalline core - fragment" occur among the analyses of 
described mineral aggregates. This is an Sb-member of the 
tetrahedrite-tennantite series with the absence of minor 
elements (Hg, Bi and negligible Ag content-0.06 wt.%). 

According to the excess of S, high concentrations of 
PMe, Zn and small concentrations of Me+ 1

, Cu, Ag and 
Fe they are similar to the bright phase of a mixed compo­
si tion , but according to Sb and As contents below I atom 
they belong to tetrahedrite (fig. 5, 6) . 

According to mineralogical observations and chemi­
cal analyses the given mineral aggregates are possible to 
divide into several generations. 

A/ The youngest generation is formed by the dark 
phase, cementing the oldest part of the aggregate and thin 
veinlets cutting chalcopyrite-pyrite part of the sample. 
Typically, it has mainly homogeneous composition with 
high concentrations of As (3.57-4.08 atoms) and Fe (1.6-
1.86 atoms) and low scatter of their values. This is an As 
end-member of the mínera! series - tennantite (fig . 3. A, 
4. A, C, D). 

8/ The "bright" phase forms older generation com­
pared to the earlier. lt consists of zoned, crushed aggre­
gate with variable As and Fe contents, with a trend of 
increasing concentrations in direction towards the margin 
of the aggregate (fig. 4, A, B, C). It is formed by mixed 
type of tetrahedrite - tennantite series ( l.06<As<3 .14; 
l.26<Fe<l.61 atoms). 

C/ The fragment (crystalline core) in bright phase (B) 
represents the next generation. Thi s generation has 
probably homogeneous composition, but the very small 
size of the fragment does not allow an unambiguous 

evaluation. The chemical compos1t1on is substantially 
different from previous phases even if some trends are 
identical with As phases (excess oľ S and PMe, lower Fe 
content from 1.25 to 1.37 atoms and high amount of Sb). 
This is an Sb end-member - tetrahedrite with the As eon­
tent markedly below 1 atom. Its chemical composition is 
close to tetrahedrites from other samples from the vein 
Mayer (fig. 4. B). 

Other samples represent Sb-members of the mineral 
series with lower content of Fe compared to other analy­
ses ( 1.34-1.60 atoms) and signi ficant excess of PMe and 
Me at the ex pense of S. Low but still present concentra­
tions of minor elements, such as Hg (0.8-2.3 1 wt. %), Bi 
(0.06-0.73 wt. %) and Ag (0.27-0.81 wt.%) are Lhe next 
characteristic (tab. 1). 

The chemical composi tion of tetrahedrite aggregates 
is not identical to analyses of the "crystalline core -
fragment" . Neither a direct contact with mineral aggre­
gates of As-phases has been determined, but we suppose 
that this is a generation older than the As-phases. 

All members of the mineral series have substanti al 
prevalence of Fe (above I atom), consequently it is pos­
sible to say that at the vein Mayer mineral aggregates 
composed of Fe-tetrahedrite to Fe-tennantite are present. 

Conclusions 

According to the structural-textural compos1t1on of 
tetrahedrite-tennantite aggregates forming veinlets in 
chalcopyrite aggregate and based on their different 
chemical composition we suppose that in the studied 
sample three generations of minerals of the tetrahedrite­
tennantite series are present detached by repeated tectonic 
movements. 

l ' 1 generation is formed by Fe-tetrahedrite with Hg, Bi 
and Ag contents. It represents the major generation wide­
spread along the whole studied part of the vein Mayer 
and this is in agreement with the data from various au­
thors. Analyse of the "crystalline core - fragment" could 
be preliminary also assigned to this generation . 

2nd generation is formed by Fe-mixed type with a broad 
spectrum of concentrations of major structural elements. 
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Fig. 4. A. Telrahedrite-tennantite aggregate, older phase - grey, younger phase - black (detail/rom.fíg. 3. 8). 8. Aggregate oj mixed 
composition composed oj older phase with crystalline core - fragment (anat. no. x, xii) in lower part oj the photograph (detail /rom 

_fig. 3. 8 ). C. Crushed aggregate oj mixed composition (pale grey) cemented by younger phase.formed by tennantite (grey ). D; Detai/ 
oj mutual relationship of older (pate grey) and younger phase (grey to black). Numbers show location oj microanalyses. SEM im­
ages. 
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3rd generation is the youngest one, represented by Fe­
tennantite with narrow spread of values of structural ele­
ment concentrations. 

We suppose that 2nd and 3 rd generations originated at 
the end of the mineralisation process, approximately 
during the 3 rd substage of the quarlz-sulphide stage (fig. 
1 ). The occurrence of these generations at the deposit is 
probably just limited but this does not exclude their 
presence also at other veins or parts of the deposit. 
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Trends in chemical composition of tetrahedrite from the deposit Jedľovec 

(Fichtenhilbel), Spišsko-gemerské rudohorie Mts. 

ANTALBORIS 

Department of Geology of Mineral Deposits, Faculty of Natural Sciences, Comenius University, 

Mlynská dolina, 842 15 Bratislava 

Abstract. The deposit Jedľovec with veins Konštancia, Krištof and Michal, located in the centra) part of the 

Spišsko-Gemerské Rudohorie Mts., hosts hydrothermal siderite-sulphide mineralisation . Studied samples of 

tetrahedrite come from veins Konštancia and Krištof. Analyses determíned Sb-end member of tetrahedrite 

with 100 to 83.67 % of tetrahedrite component with substantial Fe content (3.69-6.01 wt.%). Minor elements 

reach the following maximum values: Ag-1.47, Zn-2.69, Hg-0.5 1, Bi-0.65 wt.%. According to the chemícal 

composition and textural relations tetrahedrite aggregates were divided into two generations. The older one 

contains two types of phases typical by Cu-As and Ag-Sb contents. The younger generation is typical by the 

presence of Hg and Bi, S deficiency and hígher concentrations of Cu, PMe and Me•2 compared to the older 

one. Phases of selected generations form a geochemícal zoning. Phases of the older generation with typical 

Cu-As contents are located in the centra) and lower parts of veins (Konštancia). Phases of older generation, 

typical by Ag-Sb contents, are present at outskirts and in upper parts of veins (Konštancia, Krištof). Aggre­

gates of the younger generation are located in the narrow, centra] part of veins (Konštancia). 

Keywords: Spišsko-gemerské rudohorie Mts., hydrothermal míneralisation, Fe-tetrahedrite, geochemistry, 

zoning. 

Introduction 

Sulphosalts of the tetrahedrite-tennantite series are 

common minerals at deposits of siderite-sulphide forma­

tion of Spišsko-gemerské rudohorie Mts., including the 

deposit Jedľovec. Bernard (1958) and in particular 

Trdlička (1967) studied this mineral from the deposit in 

more detail s. 
Tetrahedrite is a common mineral at the deposit. lt 

forms steel-grey irregular aggregates, penetrating together 

with chalcopyrite into siderite and quartz in the form of 

veinlets or a network. It also occurs in the form of small 

lenses and nests (Konštancia vein) penetrating also into 

ankerite together with abundant pyrite. In cavities in sid­

erite and quartz it forms tiny, max. 1 cm big crystals of 

tetrahedral form (Raky, Krištof and Konštancia adits). 

Older sulphides, such as arsenopyrite, pyrite, marcasite, 

pyrrhotite and sphalerite are replaced by tetrahedrite. It 

also penetrates into kobellite and jamesonite. In tetra­

hedrite, apart from needle-shaped grains of kobellite, small 

grains of gold are locally present. Tetrahedrite aggregates 

are overgrown by boumonite and bomite. In the mineral 

succession it is described as the youngest mineral along 

with chalcopyrite (Bartalský et al. , 1962, Bernard, 1958, 

Matula, 1969, Trdlička, 1963, 1963a, 1963b, 1967, 1967a, 

Trdlička - Kupka, 1957, Trdlička - Kvaček - Kupka, 

1962). 
The yet published chemical composition of tetra­

hedrite from the deposit varies in the following range: Cu 

34.77-36.61; Zn 1.15 - 1.76; Fe 6.22 - 7.33 ; Hg O.O -

0.18; Cd tr - 0.01 ; Sb 26.73 - 29.45; As 0.05 - 0.71; Bi 

0.32 - 0 .93; S 24.78 - 25 .75 wt %; (Konštancia vein); Cu 

35.45 - 37.22; Zn 2.93 - 4 .73 ; Fe 3.62 - 4 .79; Hg 0.03 -

0.1 ; Cd O- 0.1 ; Sb 27.72 - 29.06; As 0.51- 0.59; Bi 0 -

0.14; S 24.5 - 25.53 wt. %; (Krištof vein) (Trdl ička, 

1967b). Se content was determined in following ranges: 

54 - 82 git (Babčan , 1966); 0.0054 - 0.0082 wt % 
(Trdlička, 1963a); 0.002 - 0.0042 wt.% (Kvaček, 1980). 

Springer (1969), Hall (1972), Pattrick - Hall (1983 ), 

Milier Craig (1983) and others have studied problems of 

tetrahedrites and tennantites. According to chemical and 

structural analyses Sack - Loucks (1985) determined the 

following formula of chemical composition : 

(Cu,Ag)6 ([Cu)v3 [Fe, Zn, Cd, Hg, Pb] 113) 6 (Sb, As, Bi)4 

(S, Se) 13 

In this study a general formula: 
IO.,, +2 

Me Nie 2(PMe)4 S 13 

and the recalculation on the bases of 29 atoms were used . 

Cu and Ag are considered as monovalent metals (Me. 1
), 

Fe, Zn, Hg, Pb, Cd as bivalent metals (Me. 2
) and Sb, As, 

Bi, Te as metalloids (PMe) (Charlat - Levy, 1974; Moz­

gova - Cepin, 1983). 
Results of tetrahedrite and tennantite structural study of 

natural samples were followed by the research of synthesis 

in systems Cu-Sb-S, Cu-As-S, Cu-Ag-Sb-S, Cu-Fe-Sb-S, 

performed particularly by Maske - Skinner (1971), Ta­

tsuka - Morimoto (1977), Makovický - Skinner (1978), 

Sack - Ebel (1993). These authors determined the structure 

of tetrahedrites and tennantites in an arti ficial system, 

along with temperatures of origin and stability of tetra­

hedrites-tennantites in the range 200 - 500°C. 

Geological Survey of Slovak Republic, Dionýz Š1úr Publishers, Bratislava 2002 JSSN 1335-96X 
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Geology and mineralogy of the deposit 

The deposit Jedľovec (FichtenhUbel) is located in the 
centra! part of the Spišsko-gemerské rudohorie Mts. bet­
ween the rocks of the Drnava Formation of the Gelnica 
group (Bartalský et al., 1962; Maheľ, 1954; Reichwal­
der, 1970). Parallel ore veins form a fan-type stockwork 
with general direction E-W and steep dip toward south 
(Fig. 1). 

The vein thickness is variable, it changes from 10 
cm to 7 m. The vein is known to continue up to 500 m 
into depth . The ore field Jedľovec forms a system of 8 - 9 

ml!!!!!!!!!!!--llllll!!!!!!!!!!!!!!!!!!!!!lm ..., 

Fíg. I. location oj the deposit Jedľovec. 

Pllase Siderite Quartt„ulplllde C.rl>c>r\lM 

Siage 1 II 1 II 

~uartz - - -lsideme -~rsenopyóle - -Pyrrhollte - -Pyrite - -Galena -Kobelllte -lsi,t,alerite -lellalcopyríte -tTetrahedtíte -lsi-sulphosalts -iGold -lca11JOnale -
Fig.2.Simpl ified succession scheme oj mineralisation at the deposit 
Jedľovec (veins Krištof. Konštancia, Michal/), Macinský ( 1992). 
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siderite-sulphidic veins (dykes) with quartz, such as, from 
north to south, Kornélia, Konštancia Lower and Upper, 
Krištof (available by cross cut Raky), Johana, Michal 1, 
II, Daniel I, II, Jozef and a quartz-arsenopyrite vein with 
Co (Grecula, 1966). 

The mínera! content of vein filling is quite varie­
gated. It was studied maiQly by Drnzíková (in: Grecula 
- Grosz, 1968; Návesňák, 1967) and Trdlička ( 1963, 
1963a, 1967, 1967a, Trdlička et al., 1962). Coarse­
crystalline siderite is the major mínera! (Antal, 1996), in 
which very irregularly located sulphides are present, 
such as chalcopyrite (Antal, 1997), pyrite, tetrahedrite, 
arsenopyrite, lollingite, cobaltite, glaucodot, pyrhotite, 
sphalerite, galena, marcasite, hematite, magnetite, cal­
cite, ankerite, stannite, go ld and Bi-sulphosalts (bis­
muth, aikinite, kobellite, galenobismutite, bournonite, 
boulangerite, jamesonite) (Macinský and Antal, 1993 ). 
Sulphides form irregular veinlets, aggregates, nests, im­
pregnations and disseminations accompanied by milk­
white quartz (Fig. 2). 

A zonal arrangement of the ore mineralisation was 
described for the deposit. At the vein Krištof, located in 
the middle of the fan-type structure of the deposit, the 
sulphidic mineralisation dominates. In direction to the 
margin of the fan, formed by veins Konštancia, Daniel 
and Kornélia, this mineralisation is replaced by the side­
rite mineralisation . Decrease in sulphides and quartz in 
direction to margins of these veins manifests the hori­
zontal zoning. The vertical zoning is manifested by the 
predominance of siderite in upper parts of veins, while 
sulphides are focused more to the centre. In direction to 
depth the proportion of ankerite increases simultane­
ously with sulphide decrease (Matula, 1969; Návesňák 
et al., 1982). 

Veins Konštancia (its western part), Krištof, Michal 
I and Daniel 1. had bigger economic importance. The 
vein filling of the vein Konštancia is formed by coarse­
crystalline siderite with high proportion of quartz. Chal­
copyrite and tetrahedrite dominate among sulphides. 
The vein filling of the vein Krištof is composed of pale­
brown siderite, extensively crushed, with breccia-type 
and impregnation-clustered textures, sealed by sulphides 
and quartz, with a high chalcopyrite content. The main 
part of the vein filling of the vein Michal I is formed by 
siderite with minor amount of sulphides, located in 
nests . Veins Daniel I and II are formed by coarse- to 
medium-grained siderite with rare sulphide nests (Fusan 
- Kantor, l 954; Slávik at al., 1967). 

Methodology 

A study using a scanning electron microscope (JEOL 
JSM-840, Geol. Survey of the Slovak Rep. Bratislava, 
J. Stankovič, D. Dubík) and using an energy dispersive 
X-ray spectrometer (EDAX, Geol. Survey of the Slovak 
Rep. Bratislava) preceded quantitative microchemical 
analyses. 

Analyses were carried out on the instrument JEOL 
SUPERPROBE 733 (Geol. Survey of the Slovak Rep. 
Bratislava) using a correlation program ZAF-M, 30nA 
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Tab. 1. Results of microchemical analyses of tetrahedrite [wt. %] from the deposit Jedľovec. Other analysed element s, such as Au, Ni, 
Co, Pb, Te and Se did not reach detectable concentrations. TDíTN - tetrahedrite number (JEOL SUPERPROBE 733, Geol. Survey of 
the Slovak Rep. Bratislava, F. Caňo, P. Konečný and P. Siman.) 

Veins Anat. Phase Samp. No. (Cu Ag) (Fe Zn Hg) (Sb As Bi) s Total TD/ľN 
No. 

min. 36,43 0,00 3,69 0.00 0,00 24,98 0,00 0.00 2 1.94 96,28 83,67 

avg. 37,63 0.44 5,05 1.46 0,06 28,49 1,04 O.o? 25,25 99,5 1 94,41 

max. 38,85 1,47 6,01 2,69 0,5 1 30,11 3,00 0,65 30,02 101 .5 1 100,00 

Konštancia 1 3 1 37,93 0,66 4,76 1,47 0,14 29,71 1,03 0,06 23,61 99,37 94,67 

Konštancia 2 3 1 37,55 0,74 4,83 1,33 0,19 29, 11 1,22 0,00 23,99 98,96 93,62 
Konštancia 3 2 1 36,74 0,55 4,85 1,47 0 ,00 29,93 0,75 0,02 24,82 99,13 96,09 
Konštancia 4 1 1 36,95 0,64 5,10 1,26 0,51 27,67 1,96 0.00 24.85 98,94 89,68 
Konštancia 5 3 2 37,78 0,20 4,61 1,63 0.29 29,46 0,73 0,02 24,20 98,92 96,13 

Konštancia 6 1 2 37,71 0,18 4,97 1,41 0,00 27,38 1,81 0,04 24,59 98,09 90,30 

Konštancia 7 1 2 36,66 0,22 5,0 1 1,38 0,00 27,53 1,83 0,14 25,64 98.41 90,25 
Konštancia 8 3 5 36,69 0,53 5,83 0,55 0,00 26,64 0,10 0,39 30,02 100,75 99,39 
Konštancia 9 3 6 38,22 0,36 3,84 2,69 0,23 28,39 0,67 0,17 24,59 99, 16 96,3 1 
Konštancia IO undeterm. 6 37,09 0,30 3,69 2,41 0,00 28,27 0,86 0,00 24,97 97.59 95,29 
Konštancia II 3 6 37,83 0.33 3,81 2,59 0,15 28,35 0,65 0 ,05 25,19 98,95 96,4 1 
Konštancia 12 2 IO 38,40 0,00 5,06 1,34 0,00 28,83 0,98 0 ,00 25,87 100,48 94,77 

Konštancia 13 2 IO 38,06 0,00 4,97 1,51 0,00 28,87 0,77 0,00 25,56 99,74 95,85 
Konštancia 14 3 21 37,6 1 0,64 5,85 0,63 0,29 30, 11 0,00 0,24 23,15 98.52 100,00 
Konštancia 15 3 21 36,99 0,72 5,70 0,56 0,23 30,04 0,04 0,06 21 ,94 96,28 99,78 
Konštancia 16 2 25 37,90 0,00 4,69 1,73 0,00 29,00 0,83 0,00 26,05 100,20 95,56 
Konštancia 17 2 25 38,32 0,00 4,64 1.92 0,00 29,04 1,05 0,00 25,64 100,61 94.45 
Konštancia 18 1 27 38,59 0,00 5,69 0,48 0,00 28,J 1 1,31 0,00 25,53 99,71 92,96 
Konštancia 19 1 27 38,85 0,00 6,0 1 o.ou 0,00 28,18 1,96 0,00 26,51 101.SI 89,85 
Konštancia 20 2 27 38,36 0,00 6,0 1 0,51 0,00 29,02 0 ,91 0,00 25,38 100,1 9 95, 15 
Konštancia 21 1 27 38,10 0,00 5,94 0,19 0,00 27,50 2,02 0,00 26,02 99,77 89,34 
Konštancia 22 1 28 38,29 0,00 5,3 1 0,98 0,00 26,96 1,66 0,00 26.16 99,36 90,90 
Konštancia 23 1 28 38,52 0,00 5,43 0,97 0,00 27,0 1 1,64 0,00 26,08 99,65 91 ,02 
Konštancia 24 1 28 38,79 0,00 5,29 J,01 0,00 28,20 1.15 0,00 26,00 100,44 93,78 
Konštancia 25 3 37 38,01 0,37 5,19 1,36 0,21 26,76 2,47 0,65 24,49 99,51 86,96 
Konštancia 26 3 37 38, 15 0.38 5,23 1,33 0,21 29,5 1 0,56 0,51 23,90 99,78 97,01 
Konštancia 27 3 37 38, 12 0,37 4,88 1,74 0,33 29,64 0,46 0,39 24,04 99,97 97,54 
Konštancia 28 3 37 38,36 0,36 4,77 1,87 0,21 29,29 0,56 0,42 24,49 100.33 96,99 
Konštancia 29 3 37 38,80 0,40 5,40 1,40 0,12 26,64 2,70 0,55 24,3 1 100,32 85,86 
Konštancia 30 1 38 37,62 0,36 4,69 1,92 0,00 27,07 1,72 0,00 26,25 99,63 90,64 
Konštancia 3 1 1 38 38,49 0,24 4,60 1,90 0,00 24,98 3,00 0,00 26,34 99,55 83,67 
Konštancia 32 1 55 37,54 0,00 5,00 1,70 0,00 28,92 1,56 0 ,00 25,83 100,55 91 ,94 
Konštancia 33 1 55 37,86 0,02 4,94 1,75 0,00 27,67 1,37 0,00 25,8 1 99,42 92,55 
Kri štof 34 1 4 37,65 0,00 5,37 2,22 0,00 25,11 2,80 0 ,00 26,38 99,53 84,66 
Kri štof 35 undeterm. 4 37,22 0,00 5,06 2,52 0,00 27,36 1.19 0 ,00 25,76 99,11 93,40 
Kri štof 36 2 18 37,08 0,42 4.23 2.30 0,00 29.04 0,45 0 ,00 25,60 99,12 97.54 
Krištof 37 2 18 36,97 0,51 4,12 2,57 0,00 29,76 0,48 0,00 25,3 1 99.72 97.45 
Kri štof 38 2 18 37,43 0,42 4.24 2,66 o.oo 29,11 0,45 0,()() 25,65 99.96 97,55 
Kri štof 39 2 40 36,43 1,16 5,89 0,38 0,()() 28,72 0.73 0,00 25,85 99,16 96,03 
Krištof 40 2 40 37,36 1,18 5,65 0.63 0,00 28,84 0,73 0,00 26,18 100,57 96,05 
Krištof 4 1 3 45 38,25 0,43 5.63 0.97 0,00 29,91 0,7 1 0,09 22,41 98,40 96,29 
Krištof 42 3 45 37,70 0,44 5,63 1,01 0.04 29.35 0,91 0,01 23,59 98,68 95,20 
Krištof 43 2 46 37,29 0,14 5,47 0,72 0,00 28,83 0,19 0,00 25,73 98,37 98,94 
Kri štof 44 2 46 37,17 0,12 5,68 0,77 0,00 29,93 0,31 0,00 25,6 1 99,59 98,34 
Krištof 45 2 49 36,83 1,05 5,16 1,72 0,00 28,50 0.84 0 ,00 25,83 99,93 95.43 
Krištof 46 2 49 36,60 1,47 4,88 1,69 0.00 29,73 0,66 0,00 25,33 100.36 96,52 
Kri štof 47 2 49 37,07 1.36 5,0 1 1,69 0,00 28,77 0,64 0,00 25,25 99,79 96,51 
Krištof 48 2 49 36,75 1,22 4,83 1,90 0,00 29,16 0,20 0,00 25,24 99,30 98,90 
Krištof 49 2 49 36,50 1,33 4,32 2,34 0,00 29,49 0,29 0,00 24,9 1 99,18 98.43 
Krištof 50 2 49 37,25 1,38 4,90 1,56 0,00 28,74 0,71 0,00 26,37 100,91 96,14 
Krištof 5 1 2 49 36.78 1,31 4,98 1,66 0,00 28,94 0,55 0,00 25,18 99,40 97,00 
Konštancia avg. 37,91 0,26 5,05 1,36 0,09 28,30 1,22 0,11 25,21 99,51 93,48 
Kri štof avg. 37,13 0,77 5,06 1,63 0,00 28,85 0,71 0,01 25,34 99,50 96,13 



Tab. 2. Calculated atomic rarios of crystalloche111ical for11111/as oj 1e1m/redritefro111 t/re deposit Jedľo l'ec. (A - Me+ / , 8 - Me+2. A+B - total Me, C - PMe) 

Veins Anni. No. Phasc Samu. No. Cu AP A Fe Zn Fc+Zn Hg B A+ll Sb As Bi 
Konšrn ncia 1 3 1 10.15 0.00 10.25 1.-15 0.J8 1.83 O.U l 1.84 12.09 4. 15 o.~J 0.00 
Konštancia 2 3 1 10.03 0.00 10.14 1.-17 0.35 1,8 1 O.Q2 1.83 11 .97 4.06 0.28 0,00 
Konštam.:ia 3 z 1 9.73 0,00 9.82 1.46 0.38 1.84 0,00 1.8-1 11.66 4, 14 0.17 0.00 
Kon~mncia 4 1 1 9.75 0.00 9,85 1.53 0.32 1.85 0.0-I 1.90 11.75 3.81 0.4-1 0.00 
Konštnncin 5 3 2 10.07 0.00 10,10 1.40 0.42 1.82 0.02 1.85 11.95 4.10 0. 17 0.00 
Kon~tancin 6 1 2 9.99 0,00 10.02 1.50 0.36 1.86 0.00 1.86 11 .88 3.79 0.-11 0.00 
Konš1nnciu 7 1 2 9.6 1 0.00 9,65 1.49 0.35 1.85 0.00 1.85 11 ,49 3.77 0.-11 0.01 
Kunštancin 8 3 5 9.03 0.00 9. 11 1.63 0.13 1.76 0.00 1.76 10,88 3.42 0.02 0.03 
Konšlnncin 9 3 6 10, 11 0.00 10,16 1.1 6 0.69 1.85 0.02 1.87 12.03 3,92 O, 15 0.0 1 
Konštnncin 10 u1Ídc1erm. 6 9.89 0.00 9.93 1.12 0.62 1.74 0.00 1.74 11 ,68 3.93 0. 19 0,00 
Konštancia II 3 6 9.95 o.oa 10,00 1.14 0.66 1.80 O.Ul 1,82 11.82 3.89 0. 15 0.00 
Konštancin 12 2 10 9.S<l 0.00 9.89 1.-18 0.3-1 1.82 0.00 1.82 11.7 1 3.87 0.2 1 0.00 
Konštnncia 13 2 IO 9.89 0.00 9.89 1.-17 0.38 1.85 0.00 1.85 l l.74 3.92 0.1 7 0.00 
Konšlnncia 14 3 2 1 10.19 0.00 10.29 1.80 0. 17 1.97 O.O:! 1.99 12.29 4.26 0.00 0.02 
Konš1ancia 15 3 2 1 10.34 0.00 10.46 1.8 1 0. 15 1.97 0,02 1.99 12.45 -1.38 0,01 0.0 1 
Konšmncia 16 2 25 9.78 0.00 9,78 I.JS 0.43 1.81 0.00 1.81 11 .59 3.9 1 0. 18 0,00 
Konštancia 17 2 25 9.89 0,00 9.89 I.J6 0,-18 1,84 0.00 1.84 11.74 3.9 1 0.23 0.00 
Konšmncia 18 1 27 10.00 0,00 10,00 1.68 0. 12 l.80 0.00 1.80 11.80 3.80 0.29 0,00 
Konšrnncia 19 1 27 9.83 0.00 9.83 1.73 0.00 l.73 0.00 1.73 11.56 3,72 0.42 0.00 
Konš1anciu 20 2 27 9.94 0.00 9.94 1.77 0,1 3 1.90 o.oa 1.90 11.84 • 3.92 o.w 0.00 
Konš1ancia 21 1 27 9.81 0,00 9.8 1 1.74 0.05 1.79 0.00 1.79 11.S<l · 3.69 0.4-1 0,00 
Konš1ancia 22 1 28 9.86 0.00 9,86 1.56 0,25 1.80 0.00 1.80 11.66 3.62 0.36 0.00 
Konštnncia 23 1 28 9.90 0.00 9.90 1.59 0.24 1.83 0.00 1.83 11 .73 3.62 0.36 0.00 
Konštancin 24 1 28 9.95 0.00 9.95 1.54 0,25 1.80 0.00 1.80 11.75 3.78 0.25 0.00 
Konštancia 25 3 37 9.99 0.00 10.05 1,55 0.35 1.90 O.Q2 1.92 11.97 3.67 0.55 0.05 
Konš1a ncia 26 3 37 10. 14 0.00 10,20 1.58 0.3-1 1.93 0.02 1.94 12. 14 4.09 0.13 0,04 
Kon~lancia 27 3 37 10. 11 0.00 10. 17 1.47 0.45 1.92 O,Q'.\ 1.95 12. 12 4.10 O. IO 0.03 
Konšlancin 28 3 37 10.08 0.00 10.14 1.43 0.48 1.90 0.02 1.92 12,06 -1.02 0.12 0,03 
Konštancia 29 3 37 10.13 0.00 10.19 1.60 0.36 1.96 0,01 1.97 12. 16 3.63 0.60 0.04 
Konšmncin 30 1 38 9.68 0.00 9.74 1.37 0.48 1.85 0.00 1.85 11.59 3.64 0.38 0.00 
Konštnncin 31 1 38 9.83 0.00 9.87 1.:14 0.-17 1,8 1 0,00 1.8 1 11.68 3,33 0.65 0.00 
Konšmncin 32 1 55 9.68 O.DO 9.68 1.-17 0.43 1,89 o.oa 1,89 11.57 3.89 0,3-1 0.00 
Konšlancia 33 1 55 9.81 0.00 9.8 1 1.46 0.-1-1 1,90 0.00 1,90 11.71 3.74 0.30 0.00 
Kri~IOf 34 1 4 9.60 0.00 9.60 1.56 0,55 2. 11 0.00 2. 11 11.7 1 3.34 0,61 o.oa 
Krišloť 35 undeterm. 4 9.66 0,00 9.66 1.49 0,64 2. 13 0.00 2.13 11.79 3.70 0.26 0.00 
KrišlOf 36 2 18 9.7'.! 0.00 9.78 1.26 0.59 1.85 0 .00 1.85 11.63 3.97 O. IO 0.00 
Krišlof 37 2 18 <J .70 0.00 9.78 1.23 0.66 1.88 0.00 1,88 11.66 -1.07 O. II 0,00 
Kriš1oľ 38 2 18 9.73 0.00 9.80 1.25 0,67 1.93 0.00 1.93 11 .73 3.95 O.I O 0.00 
Kriš1of 39 2 -IO 9.52 0.00 9,69 1.75 O. IO 1,85 0.00 1,85 11.54 3.92 0. 16 0.00 
Krišloť 40 2 40 9.62 0.00 9.80 1.65 0,16 1.8 1 Q.()() 1.81 11.6 1 3.87 0.16 0,00 
Krišlof 41 3 45 10.41 0.00 10.48 1.74 0.26 2.00 0.00 2.00 12.-18 4.25 0.16 O.O! 
Kriš1of 42 3 45 IO.IO 0.00 10.1 7 1,71 0.26 l.98 0,00 1.98 12. 16 4. 11 0.2 1 0.00 
Kriš1of 43 2 - 46 9.79 0.00 9.81 1.63 0.18 1.82 0.00 1.82 11 .62 3.95 0.04 0,00 
Krišlof 44 2 46 9.70 0.00 9.72 1.69 0.20 1.88 0.00 l.88 11.60 4,08 0.07 0.00 
Kriš1of 45 2 49 9.56 0.00 9.72 1.52 0.43 1,96 0.00 1.96 11.67 3.86 0.18 0.00 
Kriš1of 46 2 49 9.57 0.00 9.79 1.-15 0.-13 1,88 0.00 l.88 11.67 4.06 0.15 0.00 
Krištof 47 2 - 49 9.70 0.00 9.9 1 1.49 0.-13 l.92 0.00 l.92 11.83 3.93 0. 1-1 0.00 
Kriš1of 48 2 49 9.67 0.00 9.86 1.-15 0.49 1.93 0.00 1.93 11.79 4.00 0.04 0.00 
Kri~tof 49 2 -19 9,67 0.00 9.88 1.30 0.60 1.90 0.00 1.90 11 .78 4,08 0.()7 0.00 
K,'išlof 50 2 -19 9.56 0.00 9.77 1.-13 0.39 1,82 0.00 1.8'.! 11.59 3.85 0, 15 0.00 
Kriš1of 5 1 2 -19 9.67 0.00 9.87 1,-19 0,-12 1,9 1 0.00 1.91 11.79 3,97 0. 12 0.00 

C s ABCD 
4.39 12.52 29 
4.33 12.70 29 
-1 .3 1 13.03 29 
-1.25 13.00 29 
-1 .27 12.79 29 
4.20 12.92 29 
-1.19 1:U2 29 
3.47 14 .65 29 
4.08 12.89 29 
4. 13 13. 19 29 
4.04 13.1-1 29 
-1.09 13.20 29 
4.09 IJ.17 29 
4.28 12.43 29 
-1,40 12.16 29 
4.09 1.U2 29 
4. 1-1 13.12 29 
4.09 13.1 1 29 
4.14 13.30 29 
4. 12 13,()-1 29 
4. 13 13.27 29 
3.99 13.35 29 
3.98 13.29 29 
4.03 13.:!:2 29 
4.27 12.76 -29 
4,26 12.59 29 
4.24 12.6-1 29 
4.18 12.76 29 
4.27 12.57 29 
4,0 1 IJ ,39 29 
3.98 13,34 29 
4.23 13.20 29 
4.0-I 13.'.!5 29 
3.95 13.34 29 
3.97 13.'.!5 29 
-1.07 IDO 29 
4. 18 IJ.16 29 
4.05 13.22 29 
4.0S ID8 29 
4.03 13.36 '.!9 
4.42 12.09 29 
4.3 1 12.53 29 
3.99 13.38 29 
4.15 13.25 29 
4.04 13.28 29 
-1 .20 13. 12 29 
-1 .07 13.10 29 
4.05 13, 16 29 
4.14 13.0S 29 
-1.00 l.l.4 1 29 
4.09 13.12 29 

TD/ľN 

94.7 
93,6 
96.1 
89.7 
96. 1 
90.3 
90,3 
99.4 
96.3 
95.3 
96.4 
9-1.8 
95.8 
100.0 
99.8 
95.6 
94.5 
93.0 
89.8 
95.2 
89,3 
90.9 
91 ,0 
93,8 
87.0 
97.0 
97.5 
97.0 
85.9 
90.6 
83.7 
91 ,9 
92.6 
84.7 
93.4 
97 .5 
97 ,-1 
97.5 
96.0 
96.0 
96.3 
95.2 
98.9 
98.3 
95.4 
96.5 
96,5 
98.9 
98.-1 
96.1 
97 .0 
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beam current, 25kV accelerating voltage, LiF crystal and 
following standards: pure Cu, Ag, Fe, Zn, Co, Ni, Bi, Sb, 
Te, Au, cinnabar for Hg, arsenopyrite for As and S, 
Bi 2Se3 for Se. Operators were F. Caňo, P. Konečný and P. 
Siman . 

Measurements were performed on polished , degreased 
and ultrasonic-cleaned sections and polished sections, 
coated by carbon. Apart from elements shown in tables 1 
and 2 also some other elements, such as Au, Ni, Co, Pb, 
Te and Se were measured, but they did not reach detect­
able concentrations. 

Crystallochemical formulas of tetrahedrites were re­
calculated according to the basic structure of the celi 
Me• 1 IO, Me•22, PMe4, SJ3. This represents 29 atoms per 
unit celi. 

Mineralogy and geochemistry of tetrahedrites 

In the studied samples tetrahedrite forms irregular ag­
gregates, often associated with chalcopyrite in quartz or 
siderite veinstone. It contains tiny grains of arsenopyrite 
or pyrite, often idiomorphous, locally with a slightly 
cataclastic texture. Tetrahedrite as one of the youngest 
minerals (Fig. 2) cuts older minerals by a network of 
veinlets, or it seals cataclased minerals along fractures. 

The chemical composition, determined by micro­
analyses, showed that the studied tetrahedrite is an Sb­
end member of the tetrahedrite-tennantite isomorphous 
series, containing from 83.67 to 100 % of the tetrahedrite 
component. Fe reaches more significant concentrations 
(from 1.81 at.%, respect. 6.01 wt.%) at the expense ofZn 
(from O to 0.69 at.%, respect. from O to 2.69 wt.%). 

Maximum concentrations of minor elements vary 
around 1.47 wt. % for Ag, 0.65 wt. % for Bi and 0 .5 l wt. % 
for Hg (Tab. 1 and 2). 

Generally, the chemical composition of tetrahedrite 
from the deposit Jedľovec (from veins - Konštancia and 
Krištof) can be characterised as Fe-tetrahedrite. 

Nearly all analyses showed an excess of metalloids 
(PMe) and a significant predominance of Sb over As and 
a lack of bivalent metals compared to the theoretical 
composition (Me•2

, Fe>Zn). Concentration of metalloids 
(represented by sulphur only) and monovalent metals 
(Me•1

, Cu>>Ag) also ranges over the theoretical compo­
sition of tetrahedrite. 

Mutual relationship among groups of elements form­
ing aggregates of tetrahedrite (Me• 1

, Me•2
, PMe, S) and 

elements themselves are diverse. In the literature dis­
cussed negatíve relationships are preserved between Sb : 
As, Fe : Zn and Cu : Ag only (Johnson, Craig & Rimstidt, 
1986; Mozgova & Cepín, 1983). 

Negatíve mutual relationship, expressed also by the 
coefficient of correlation, have also two major groups of 
tetrahedrite elements PMe and S. An increase in PMe 
content, resulting in PMe excess, is simultaneous to the 
decrease of S concentration, that gets below the theoreti­
cal value of S concentration in tetrahedrite (Fig. 3A). This 
trend is the result of relatively different behaviour of Sb 
and As to S. A higher concentration of the earlier (Sb) is 
accompanied by a decrease of the S content (Fig. 38) and 
on the contrary, an increase in As content is accompanied 
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by an increase in S concentration. Because Sb contents in 
absolute values are significantly higher, a negatíve rela­
tionship of Sb to S prevails in the total of PMe. 

A negatíve relationship occurs also between S content 
and contents of metals, monovalent (Me• 1 

- Cu, Ag, Fig. 
3C) and partly also bivalent ones (Me•2 

- Fe, Zn). 
The relationship between Ag and S values is pre­

served apart from samples with high concentration of Ag 
(samples no. 40, 49) (Fig. 3D). Cu and S values (Fig. 4A) 
form a less apparent negatíve relationship. Even positive 
trends are possible to reach, if the field of data points is 
divided according to samples from individual veins. 

In the mutual relationship between S and Me•1 (r -
0.99) these relatively contlicting relationships of studied 
elements were manifested in a not very clear negatíve 
trend (r -O.S) in samples with S content over, and Me•1 

below the theoretical composition, compared to the sig­
nificant trend outside these values (r -0.9) (Fig. 3C). 

Equally negatíve relationship between Me•2 and S (r -
0.43) is more apparent if the indivídua) elements are con­
fronted with sulphur. When the data field is divided ac­
cording to sulphur values , two types of values (samples) 
are possible to assign at Fe : S and Zn : S diagrams. One 
group has a stable concentration of S and an increasing or 
decreasing content of Fe or Zn. The second group has 
decreasing concentration of S and increasing Fe or de­
creasing Zn contents (Fig. 4C). These relationships are 
included also in a comprehensive diagram S : Me•2

, 

where a field of samples with a constant S content is pos­
sible to assign (slightly in excess, r -0.13), together with 
a field of samples with decreasing S content (r -0. 72) and 
relatively increasing values of Me•2 (Fíg. 4B). 

Me and PMe contents show a positive relationship 
(Fig. 4. D). This trend is preserved in the relationship 
between PMe and Me•1 (r 0.76), but in the relationship 
with Me•2 a spread of values occurs (r 0.25), while just 
one sample exceeds the value of the theoretical composi­
tion (sample no. 4) . The positive trend between Me• 1 and 
PMe is formed by the predominance of Cu values and by 
the positive trend of As and Ag to Sb (Fig. SA). The rela­
tionship between Cu and Sb is not distinct and it is more 
characterised by a large scatter of values. The relation­
ship between As and Ag is negatíve (Fíg. SB), but due 
to significantly lower values of Ag compared to Cu the 
positive relationship between PMe and Me• 1 was not 
affected. 

Very weak mutual relationship between PMe and 
Me•2 is preserved also in relations of indivídua! elements. 

Me•1 values with Me+2 values form a weak positive 
relationship (r 0.,07) (Fíg. SC). Relatively larger spread 
of values is the result of weak positive relationship of 
majority metals (Cu and Fe) and relatively neutraf rela­
tionship between Cu and Zn, Ag and Fe, Ag and Zn. 

Concernig minor elements, tetrahedrites from the 
Jedľovec deposit contain smaller amount of Ag and Hg. 
Hg shows usually zero content and its maximum concen­
tration reaches 0.51 wt. %. Because at s uch low concen­
tration a relatively high analytical error occurs a work 
with absolute values is not possible. 

The concentration of silver varies from O to 1.47 wt. 
%, while the average value is higher in samples from the 
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Fíg. 3. Correlation diagrams of chemical composition of tetrahedrite from the deposit Jedľovec. (/ - firsl phase oj the I. generalion 
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vein Krištof (0.77 wt. %) than from the vein Konštancia 
(0.26 wt. %) (Tab. 1). 

The relationship of Ag and Me+2 is not possible to de­
fine unambiguously. Values have a large spread, while 
only samples with high Ag content from the vein Krištof 
are more distinctly detached. 

Apart from samples with high Ag content, a negatíve 
trend between concentrations of Ag and S occurs within 
the frame of the analytical set (Fig. 3D). The relatively 
increasing concentration of Ag is accompanied by a de­
crease of S content. 

Values of S concentration in samples from the vein 
Krištof vary around 26 wt. % (apart from samples no. 45; 
22.41 - 23.59 wt. %). 

The relationship between Ag and As also show a 
negatíve trend, accompanied by the selection of samples 
with high content of Ag (sarnples no. 40, 49) and low 
concentration of As. Ag and Sb show a reverse rnutual 
relationship (Fig. SA, 8). 

Generally it is possible to say that an increase in Ag 
concentration is accompanied also by an increase of Sb 
and decrease of Cu. Fe, Zn and S concentrations are vari­
able - over and below theoretical values. Tetrahedrites 
with high concentration of Ag are possible to characterise 
as mínera) aggregates with high contents of S and Sb and 
low contents of As and Cu (Fíg. SD). These samples with 
higher concentration of Ag are located at the vein Kri štof. 

The data field, representing chemical cornposition of 
analysed phases of tetrahedrites frorn the deposit 
Jedľovec, is possible to divide into 3 groups, according to 
the following typical features : 

The 1 s l group of phases, in majority of samples, has 
typically higher concentration of Cu (cca over 37.5 wt. %) 
and As (cca over 1.25 wt. %) within the frarne of studied 
set of analyses. Simultaneously lower concentration of Sb 
(cca < 28.5 wt. %) and Ag (cca < 0.4 wt. %) is typical, 
while the 2nd group of phases again has higher Sb and Ag 
contents (over the values shown, figs . 3B, 4A, 5A, D). 

Compared to the 3rd group of phases the 1 st and 2nd 

groups contain high concentration of S, that is always 
over the theoretical value and they show a low scatter of 
values (Fig. 3A, B, 4 A). The total of monovalent rnetal s 
is always below the theoretical value, similar is the con­
centration ofMe+2 (Fíg. 3C, 4B). 

3rd group of phases shows a lack of S and a high scat­
ter of other elements concentrations. The total of Me+1

, 

represented predominantly by Cu, is rnostly in excess and 
over the theoretical value of 10 atoms (Fig. 3C, 4D). 
Compared to the ťl and 2nd group of phases it contains 
higher values of PMe total (Fig. 3A). Furthermore, 
among several elements an apparent correlation occurs, 
either positive (Zn : S, Me : PMe, Me+1

: Me+2
) or nega­

tíve (Fe : S). 
Ag and relatively also As reach higher concentrations 

in the 1 s l and the 2nd group of elements (Fig. SB). Hg and 
Bi contents are bounded to the 3rd group. 

Samples with tetrahedrite phases belonging to the 1 sl 

and 2nd group are present in both studied veins. At the 
vein Krištof only two phases from the 2nd group are char­
acterised by Sb and Ag contents (apart from the sarnple 
no. 4). At the vein Konštancia phases of this composition 
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are present in upper parts of the vein and in its E part. 
Phases typical by Cu and As contents are located in W 
margin, centra) and lower parts of the vein. 

Phases representing the 3rd group (with Hg and Bi) 
markedly occur at the vein Konštancia. Here they con­
centrate mainly in the centra) part of the vein, forrning a 
narrow zone that reaches frorn the centre of the vein up to 
its upper part in vertical direction. Just one sample from 
the vein Kri štof belongs to the 3rd group (Fíg. 6) . 

Homogenity of tetrabedrite aggregates 

The variability of tetrahedrite aggregates composition 
is rnanifested in their inhomogenity too. Inhomogeneous 
aggregates with several types of structures occur among 
relatively large number of homogeneous aggregates. 
Cloddy and stockwork textures are the most common 
types of textures (Fig. 7). Both textures consist of phases 
forming irregular bodies or a network of tetrahedrite 
veinlets of variable thickness, irregularly cutting the basic 
phase of the tetrahedrite aggregate. Rarely, regular, 
banded-laminated structures occur, representing incre­
mental zones of variable composition. These zones rim 
the aggregates with cloddy texture and simultaneously 
they are cut by a network of tetrahedrite veinlets. Cloddy 
textures were observed in samples from both studied 
veins, but the stockwork texture just in samples from the 
vein Konštancia and its centra) part. 

Discussion 

Apart from textural-structural features, we suppose 
that two generations of tetrahedrite formation occurred. 
The younger generation corresponds to the 3rd group of 
phases with Hg, Bi contents (Spiridonov - Badalov, 
1983; Spiridonov et al., 1990), high concentrations of 
Me+1 (Tarkian - Breskovskaja 1990; Spiridonov - Bada­
lov, 1983; Spiridonov et al. , 1990) and low S content 
(Lynch, 1989). Sulphur deficiency as well as an excess of 
Me+1 can correspond to an increase in redox potential of 
the environment (Spiridonov - Badalov, 1983;), while a 
part of Cu becornes bi valent. 

Based on the frequent similarity of chemical compo­
sition proportions to phases of the 1 sl generation we sup­
pose that phases of the 2nd generation included al so the 
chemical composition of older phases. Alternatively, 
younger solutions with Hg, Bi , Cu and Sb contents were 
.,contaminated" by these phases. 

Only the chemical composition of the sample no. 6 
does not show any relation to elements of older phases. 
Its position in the centre of the zone formed by phases of 
the 2nd generation could be understood as a representative 
of this generation with a non-affected chemical composi­
tion. 
Different chemical composition of the selected generations 
is manifested also in mutual relationships of individual 
major elements forming the studied tetrahedrites. The big­
gest differences occur in relations with sulphur. The big­
gest difference between the selected generations was 
determined in the relationship of Me+2 (1. gen. r --0.13, 2. 
gen. r --0.72) and Me+1 (1. gen. r --0.13, 2. gen. r --0.72). 
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Similar differences occur also in relationships of PMe 
and Me+1 (1. gen. r -0.01, 2. gen. r +0.67) as well as Me+2 

(1. gen. r -0.1, 2. gen. r +0.44). Differences between gen­
erations occur also in Me+1 and Me+2 relationship (1. gen. r 
+0.05, 2. gen. r 0.6). 

Older generation, composed of phases of the 1 st and 
the 2nd group, forms a geochemical zoning represented by 
phases typical of Cu, As and Sb + Ag contents. The posi­
tion of phases with increased concentrations of Cu and As 
should be close to the source of solutions (Hackbarth -
Petersen, 1984; Mishra - Mookherjee, 1991; Petersen et 
al., 1990). Phases with Sb and Ag contents should origi­
nate in peripheral parts of veins, in zones remote from the 
source of solutions. 

As shown above, mining works at the vein Krištof 
reached its peripheral part with Sb, Ag phases. At the 
vein Konštancia probably also an area was accessed, 
where solutions were introduced into the structure. This is 
supported also by the location of the younger 2nd genera­
tion with Hg and Bi contents (fig 6) . 

Conclusions 

1. At the deposit Jedľovec (veins Krištof, Konštancia) 
Fe-tetrahedrite was determined, containing from 100 to 
83,67% of the tetrahedrite component with negligible 
concentration of accompanying metals. 

2. Based on chemical composition of individual 
phases, forming aggregates, t wo generations of tetra­
hedrite have been distinguished: 

2. a. older, with high and stable concentration of 
S and lower contents of PMe, Me+1 and Me+2

, higher 
concentration of Sb and the presence of high concentra­
tions of Ag within the frame of the set of analyses. This 
generation is formed by two geochemically dicriminable 
phases that are typical by the presence of the following 
metal associations: 1 - Cu, As and 2 - Sb, Ag. 

2. b. younger generation typically has present Hg and 
Bi, sulphur deficiency and high concentrations of Cu. The 
total of PMe reaches higher values compared to the older 
generation. 

3. Selected generations form geochemical zoning at 
the deposit. Phases of the older generation, typical by Cu 
and As contents, are present in the centra! and lower parts 
of the veins (Konštancia), accessible by mining works. 
Phases, typical by Sb and Ag contents at outskirts and 
upper part of veins (Konštancia, Krištof), and aggregates 
of younger generation are present within the frame of the 
open part of the vein (Konštancia) in its narrow centra! 
part. 
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Volcanic activity in Late Variscan Krkonoše Piedmont Basin: 
petrological and geochemical constraints 
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Abstract. Three groups of Late Palaeozoic volcanic rocks can be distinguished in the Krkonoše Piedmont Ba­
sin: (1) trachyandesites, andesites > trachytes, trachydacites, (II) basaltic trachyandesites, basaltic andesites > 
basalts, trachybasalts, and (III) rhyolites. Volcanic activity started in the Late Carboniferous, producing calc­
alkaline (basic) to intermediate volcanics of group I in the southem part of the Krkonoše Piedmont Basin, and 
migrated north during the Permian, producing calc-alkaline transitional (mildly alkaline ?) intermediate and 
acid volcanics of groups II and m. Volcanic rocks of intermediate composition are of Carboniferous and 
Permian ages, whereas acid volcanics prevailed in the Permian. Basic to intermediate rock members (groups I 
and Il) represent mantle-derived products affected by crustal contarnination during the assimilation-fractional 
crystallization (AFC) process. Although the primary magma composition is obscured by pervasive crustal as­
similation, DM or HIMU sources are more probable than the EM source. Heat input into the crust from the 
ascending basic to intermediate magmas and from the upper mantle Jed to the formation of anatectic crustal 
melts represented by rhyolites of the group m. Geochemical similarity of rhyolites of the group III with some 
late Variscan granites suggests their common source. Although the Late Palaeozoic volcanic rocks in indivíd­
ua] basins in N Bohemia come from similar sources and are basically of the same origin, they probably 
evolved in separate crustal magmatic chambers. 

Key words: Late Palaeozoic volcanism, Krkonoše Piedmont Basin, petrology, geochemistry, Sr-Nd isotopes 

Introduction 

The Bohemian Massif has a unique position within 
the centra! Europe as the largest exposed part of the 
Variscan Orogeny. In the last years, several attempts have 
been made to characterize the late- to post-collisional 
volcanic activity and its role in the late stages of the 
Variscan Orogeny (W. Franke, 1989; D. Franke, 1995). 
The Variscan Orogeny, a major continental collision epi­
sode culminating at about 360 Ma, was accompanied by 
the emplacement of a range of subduction- and extension­
related magmas between 360 and 260 Ma (Lorenz & 
Nicholls, 1984; Downes & Duthou, 1988; Wilson & 
Downes, 1991). The rnantle beneath the western and cen­
tra! Europe was metasomatized as a consequence of plate 
subduction during the Variscan Orogeny and especially 
during late phases of the Late Palaeozoic (LP) extension 
(Wilson & Downes, 1991). In the Late Carboniferous, the 
Bohemian Massif became dissected by a conjugate sys­
tem of wrench faults associated with the accumulation of 
continental, often coal-bearing volcano-sedimentary se­
quences. Variscan continent-continent collision in the 
centra! Europe was followed by periods of rnagrnatic ac­
tivity both within the orogeny and in its foreland. Compo­
sitional differences between the volcanic rocks were 
controlled by different tectonic regimes and by the het­
erogeneity of the basement. Crustal thickening and 
southward-increasing depths of origin of basic magrnas in 

the North German Basin may reflect the presence of a 
pre-existing subduction-influenced basaltic magma source 
(Benek et al. , 1996). 

Alkaline (rather transitional!) volcanic activity in 
marginal parts of the Variscan Orogeny is closely associ­
ated with pull-apart structures (Ziegler, 1990). Neverthe­
less, integrated studies on the Upper Palaeozoic (UP) 
volcanics of western and centra) Europe, considering both 
their structural position and geochemical signatures, have 
been published only rarely (Eigenfeld & Schwab, 1974; 
Seckendorf, 1989; Hoth et al., 1993; Korich, 1989, 1992; 
Benek et al. , 1993, 1995, 1996; Kolbl-Ebert 1995). Vol­
canjc series in the basins generally started with a minor 
basaltic phase and terminated with a volumjnous rhyolitic 
one. 

Late V ariscan intramontane troughs of centra) Europe 
are aligned along old structural discontinuities and tec­
tonic lineaments of the basement (e.g., E-W, NE-SW 
and/or NW-SE). The broad zone of the above-mentioned 
basins, together with intensive volcanism, implies a sub­
stantial tension and thinning of the crust (Benek et al. , 
1996). However, Jindfich (1971) related the UP volcanics 
associated with the graben and half-graben structures 
along Precambrian lineaments and/or strike-slip faults 
with the taphrogenic movements induced by updoming of 
the Bohemian Massif in the Late Palaeozoic and Ceno­
zoic. The responsibility of the Variscan and Alpine oro­
genies for these phenomena is considered doubtful by 
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Fíg. 1 A sket eh oj the Late Palaeozoic volcanie roeks within the Krkonoše Piedmont Basin with sample locations ( Prouza & Tásler, 
2001 ). Cenowie: 1 - basa/tie volcanies {J; Penno-Carboniferous: 2 - basa/tie andesites (ejfusions, /ocally with sma/1 bodies oj sub­
voleanies), 3 - subvoleanies (sills and dykes, voleanie stoeks), 4 - volea11ie bodies jon11ed by ejjusives, pyroclasties and subvoleanies, 
5 - andesite, daeite, rhyodacite, 6 - rhyolitie ignimbrite, 7 - boundary oj the Krkono.fe Piedmont Basin with eryswlline eomplexes 
and Upper Cretaeeous sediments, 8 - reverse fault, norma/ fau/t , proved and assumed. 

Jindrich ( 1971 ), as indicated by the taphrogenic character 
of tectonics and volcanic activity in the Bohemian Massif. 

The aim of the study was to extend the knowledge of 
the geochemical character of the LP volcanism in space 
and tíme in the key regions of the Bohemian Massif (Ul­
rych et al., in prep.): in the Krkonoše Piedmont Basin 
(KPB) and the associated Mníchovo Hradište (MHB), and 
the Česká Kamenice (CKB) basins. A special attention is 
paid to the study of the source of primary magmas and of 
the crustal control of the AFC process using trace element 
and Sr-Nd isotope constraints. 

Geological setting of the Late Palaeoroic volcanism in 
the Bohemian Massif 

Products of intensive volcanic activity associated with 
the late phases of Variscan Orogeny are abundant in the 
sedimentary fil] of the LP basins. Accurnulations of largely 
synchronous volcanic rocks are present in basins of North 
Bohemian (Lusatian) region (KPB, MHB, CKB and the 
Intra-Sudetic Basin) and Centra! Bohemian basins filled 
with Upper Carboniferous to Lower Permian continental 
("limnic") sediments (Fig. 1). The LP volcanism in the 
Bohemian Massif (Pešek & Tásler, 1989) is characterized 

by predominance of acid volcanics including tuffs and tuf­
fites over intermediate and basic rocks (except for the 
MHB). 

Volcanic activity in the LP basins occurred in two 
phases: the first phase dates to the Carboniferous, 
mostly to Westphalian B and C, and the second phase to 
the Early Permian, especially Late Autunian (Pešek & 
Tásler, 1989; Pešek /Ed./, 2001). Products of coeval 
volcanism outside the LP basins occur in particular in 
the Altenberg-Teplice caldera (Benek et al., 1995 ; Bre­
iter et al., 2001). 

Although the diverse chemical composition of the UP 
volcanics (in particular the "melaphyre group") was rec­
ognized already by Fediuk (1965, 1967, 1973), no sys­
tematic study of this group has been conducted. The 
scarce unpublished geochemical data (Schovánková, 
1985a, b; Bouška, 1985; Rutšek, 1995) indicate a wide 
range of chemical compositions, especially among the 
basic and intermediate members of the UP rocks. 

Geochemical studies of the LP vo lcanism have been 
separated from the study of the relation between the 
magma composition and tectonomagmatic settings till 
the present (Pearce, 1982; Pearce et al., 1984). This ap­
proach Jed to the conservation of the classic pet-
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rographical interpretation of the volcanics as products of 
"subsequent" Variscan volcanism (Gotthard, 1933). 

Only the latest studies of volcanic products in the In­
tra-Sudetic Basin by Dziedzic & Teissere (1990), Dzied­
zic ( 1996, 1998) and Awdank.iewicz ( 1999a, b) represent 
modem trends in the study of the LP volcanism in the 
Bohemian Massif. Three volcanic suites have been recog­
nized by Awdankiewicz (1999b): (i) the Early and the 
Late Carboniferous calc-alkaline suites, and (ii) the Late 
Carboniferous and Early Permian weakly alkaline vol­
canic suite. 

Products of the Late Palaeozoic volcanism i11 the Krko­
noše Piedmont Basin 

The area! extent of volcanics represents about 10 % of 
the KPB, 30-50 % of the MHB and 25 % of the CKB. 
However, the areal extent of volcanic products in the nar­
row strip of UP rocks along the Lusatian (Lužice) Fault 
reaches 60-80 %. 

Schovánková (1985a, b, 1989) presented the !atest re­
sults of a comprehensive petrological study of the UP 
volcanics of the KPB, MHB and CKB. She proposed a 
collective term andesitoids for intermediate rocks, classi­
fied as "melaphyres" in older publications. Andesitoids 
prevail over other volcanic rocks in the basins, forming 
up to 90 % of the volume of the KPB. Rhyolitic rocks are 
abundant only in the upper part of the basin fill of the 
Upper Autunian age. Andesitoids are placed among 
potassic sub-route varieties (shoshonites) by their chemi­
cal composition. 

The oldest products of the LP volcanism are known 
from the Kumburk Fm. (Westphalian D - Barruelian}, 
and the youngest volcanic rocks are preserved in the 
Chotevice Fm. of the Late Autunian age. Volcanic activ­
ity culminated in the Late Autunian by the Vrchlabí Fm. 
where volcanic rocks are the most widespread. The ande­
sitic Kozákov Hill Complex (Fediuk, 1972) and bodies of 
the Levín Highland (Ponikelská, 1982), Čistecká hura and 
Císai'ova húra hills are present at this stratigraphic level. 
Andesitoid volcanics most frequently occur in the form of 
lava flows but rarely form subvolcanic bodies such as 
sills and dykes. Andesitic tuffs, tuffites and agglomerates 
occur only rarely. 

Schovánková (1989) suggested that the basaltic ande­
sites of the KPB originated from several independent 
magmatic chambers. The root zone of the basaltic tra­
chyandesite volcanism may be associated with the E-W­
strik.ing first-order fault zone (Kundratice-Javomík Zone 
- Prouza & Tásler, 2001), accompanied by a series of 
dykes and subvolcanic bodies. Results of measurements 
of elliptical vesicles of amygdaloidal parts of andesitoids 
(Prouza et al., 2000) indicate that the lava flows were 
reaching out from several volcanic centres near Semily, 
Lomnice n. P., Nová Paka and the Kozákov Hill Com­
plex, i.e., from centres associated with a fault zone lying 
near the present Lusatian Fault. 

The largest effusive body is that of basalt andesite ex­
posed in the upper part of the SW slope of the Kozákov 
Hill, and extending to Malá Skála and the N part of the 
MHB in the NW and to Tužín in the SE (Fediuk, 1972). 
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Its minimum thickness is 160 m and its total length is 
about 46 km. Volcanic bodies of the Levín Highland and 
Čistecká húra Hill near Nová Paka are interpreted as 
products of a stratovolcano (Schovánková, 1989) due to 
the relatively high abundance of andesitic tuffs, tuffites 
and agglomerates alternatíng with lava flows. 

The largest subvolcanic body (max. 100 m in thick­
ness, about 8 km in length) is the Košťálov sill, followed 
by the laccolith N of Kundratice (Schovánková, 1989), 
a.o. 

Multiple superimposed bodies (up to several hundreds 
of metres thick) of basaltic andesite effusions, largely in 
the Vrchlabí, Prosečné and Chotevice formations, were 
proved by boreholes drilled to the basement of the Late 
Cretaceous sediments in the MHB. The presence of pyro­
clastics of andesitic composition is sporadic. As an ex­
ception, two elongated effusive bodies of andesitoids 
accompanied by pyroclastics (Streda, 1971 ; Prouza, 1993) 
occur in the MHB in a strip of outcrops along the Lusa­
tian Fault. 

However, different types of volcanic rocks (dacite 
sensu Schovánková, 1985b) in the Upper Carboniferous 
Kumburk Fm. are present in the southern part of the KPB 
between Stav, Kurnburský Újezd and Lužany. A small 
body of a similar rock is present near Pecka (andesi te 
sensu Schovánková, 1985b). 

Acid volcanism is represented by rhyolite ignimbrites 
(ílows), rare rhyolites, rhyolite pyroclastics (tuffs) and 
mixed rock types such as tuffites and volcaniclastic sedi­
ments. 

Ignimbrites are the most abundant volcanics, particu­
larly in the MHB (Schovánková, 1985a) with the thick­
ness exceeding 200 m. lgnimbrites form an elongated 
body (about 8 km long with a thickness of >250 m) be­
tween Proseč p. J. and the area S of Pelíkovice. Srnall 
bodies of ignimbrites (maximum thickness of ca. 50 m) at 
Tatobity, Žlábek and Rovensko p. T. and the elongated 
body S of Kozákov Hill and W of Prackovice Hill tie 
within the Chotevice Fm. ofthe KPB . 

lntrusions of rhyolites, partly porphyritic, formíng 
lens-like bodies in phyllites on Mlázovice Chi um Hill SW 
of Šárovcova Lhota, are probably also products of the LP 
volcanism. 

Metbods of investigation 

Bulk chemical analyses of rocks were performed us­
ing wet method in the Institute of Rock Structure and 
Mechanics, Academy of Sciences of the Czech Republic, 
Praha (analyst J. Švec). Trace element concentrations 
were determined using XRF (J. Štrublová, Gematest, 
Praha-Černošice) and INAA analytical methods (J. Frána, 
Nuclear Physics Institute, Academy of Sciences of the 
CR, Rež). The precision of XRF analyses varies about 5 
% as checked by a series of duplicate analyses. The preci­
sion of INAA analyses is comparable with the data pub­
lished by Randa et al. (1970). The accuracy of indivídua! 
element INAA determinations was tested against the rock 
standard B-1. 

The analyses of Sr and Nd isotopes were performed in 
the lsotope Laboratory of the Department of Earth and 
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KRKONOSE PIEDMONT BASIN 

Stage Lithostratigraphic 
Character and thickness of volcanic products Unit 

rhyolite tuffs and tuffites near Mladé Buky, Libeč and in boreholes at Ratiboi'ice 
Chotevice Fm. 

bodies of ignimbrites near Tatobity, Rovensko p.T., W of Kozákov Hill, NE of Smrčí 
c:; u rhyolite tuffs and tuffites in the neighbourhood of the Arkose Horizon, effusive bo-"" .§ 

Prosečné Fm. 
L 

dies of andesitoids at Kruh, Horní and Dolní Branná and Holenice; Horní Branná '5 and Mladé Buky horizons <ť 
u effusives and pyroclastics of the Levín Highland and the Cistecká hura Hill 

Vrchlabí Fm. 
L andesitoid effusives among Komárov, Loukov and Yrchlabí 

rhyolite tuffs and tuffites in the Ploužnice and Stepánice-Čikvásky Horizon 
§ C ·a Semily Fm. 

small effusion of basaltic andesite near Ploužnice 
"" .c u intercalations of tuffs and tuffites (in cm) in a horizon of black claystones Q. 

~ B Syi'enov Fm. V) 
L intercalations of tuffs and tuffites (tonsteins) (in cm) in the Syi'enov Fm. 

Barr. u 
Cantabrian to Kumburk Fm. 

L 
dacitic volcanics near Kumburský Újezd and Lužany 

Westphalian D 

MNICHOVO HRADIŠTE BASIN 
uniform, areally extensive body of andesitoids with max. thickness of 130 mat Yšeň 

Chotevice Fm. "loaf-like" bodies of ignimbrites - max. thickness of 200 min the neighbourhood of 
Český Dub 

E u extensive intercalatons of rhyolite tuffs and tuffites (ca. 0. 1 m thick), andesite effu-

"" Prosečné Fm. sion between the N ·a 
::, L vicinity of Hodkovice n.M. and Bezdečín ("Upper Melaphyre Group") :Í 
<ť u multiple repeated flows of andesitoids of different thickness and extent (max. total 

thickness 

Yrchlabí Fm. of about 500 m - Cetenov, Bezdečín) 
a !oca! body of ignimbrite at Všeň (100 m thick) 

L effusion of andesitoids near the Lusatian Fault ("Lower Melaphyre Group") 

Semily Fm. a small body of rhyolite at Cetenov (2 m thick) with intercalations of tuffs and tuffi-
C tes a few cm thick 

-~ (max. 1 O cm), a !oca! body of andesitoids up to 100 m thick at Všeň 
§ u intercalations of rhyolite tuffs and tuffites (tonsteins) in the horizon of black claysto-.c 
Q. 

B Syi'enov Fm. nes and in the Melník Group of Seams 
., 

cn L 

Barruelian u local thin bed of tuffites (volcaniclastic greywacke) 

Cantabrian to 
Kumburk Fm. 

L 

Westphalian D 

U - Upper, L - Lower 

Environmental Sciences at the Universität Mtinchen 
using a technique described in Hegner et al. (1995) and 
Hegner & Kroner (2000). 

- the Early Permian volcanic suite comprises the an­
desitoid gro up (sensu Schovánková 1985b) with "me­
laphyre" (sensu Gotthard, 1933) composition, ranging 
from primitive basic and intermediate rocks to acid 
rocks including ignimbrites and tuffs. 

Lithostratigraphy 

Two volcanic suites were distinguished in the KPB 
based on the stratigraphic position and distribution of 
volcanic rocks (see Table l ): 
- the Late Carboniferous volcanic suite comprises 

intermediate rocks from localities Pecka, Stav -
quarry Rumchalpa, and from the Lužany area. 

Petrography 

Older volcanic series 

Andesites to trachyandesites (type locality of Pecka) 
are dark grey to pale purple in colour and almost aphyric 
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in appearance. Glomeroporphyritic clots (-4.5 % ) of 
original orthopyroxene (1-3 mm in diameter) together 
with sparse pseudomorphs after clinopyroxene? are seen 
in thin sections only. Occasionally, xenocrysts of undu­
Jatory quartz (1-2 mm in diameter, -13 vol. %) are ob­
served, probably resulting from magmatic resorption 
prior to, or during, the volcanic eruption. Quartz is lined 
with magnetite-vermiculite symplectites, 0.05-0.2 mm 
thick, originally composed of small pyroxene crystals. 
The trachytic-textured groundmass is formed by albitized 
plagioclase laths (0.2-0.4 mm in size, -55 vol.%), inter­
stitial chlorite, hematite and carbonate. Subhedral chlorite 
pseudomorphs after pyroxene phenocrysts were later af­
fected by vermiculitization (producing pale brown pleo­
chroism) and are surrounded by clinozoisite-epidote or 
opacite ríms. Completely opacitized amphibole (?), al­
tered olivine (?) and apatite are accessories. 

Trachydacites (type locality of Luž.any) are weakly 
porphyritic in hand specimens, purple in colour, with 
hematite coatings on cracks. K-feldspar with sieve­
textured rims (up to 2.5 mm in diameter), chloritized bi­
otite (-0.5 mm in size), and minute oligoclase laths are 
seen in thin sections as sparse microphenocrysts. The 
predominance of two feldspars over partly xenocrystic 
drop-like quartz and altered clinopyroxene suggests 
rather a trachytic than dacitic composition of magma. 
Pseudomorphs after pyroxene have subhedral outlines 
and are rimmed by hematite. The quench-textured 
groundmass is locally red in colour (rich in hematite 
staining) or contains colourless fields separated by de­
vitrified glass bands. It consists of sodic plagioclase, al­
kati feldspar, hematite and vitreous patches (15-30 µm in 
size). 

Hematitized trachytic dacites with moderately por­
phyritic texture and strongly altered groundmass (type 
locality of Rumchalpa) contain glomeroporphyritic clots 
of sericitized plagioclase (2-3 mm in diameter, 5 vol.%), 
totally kaolinitized alkali feldspar mantled by albite (1.8-
2.3 mm in size, 5-7 vol.%), and sparse embayed quartz 
(1-1.5 mm in size, 21 vol. % ) as phenocrysts. Quartz is 
resorbed by groundmass. Hematite pseudomorphs after 
plagioclase laths (0.2-0.4 mm), and chloritized biotite 
with hematite ríms (0.3-0.4 mm in size) are a part of the 
fluidal-textured groundmass. K-feldspar and plagioclase 
in groundmass, varying in size between 0.05 and 0.15 
mm, are strongly kaolinitized and sericitized. Goethite, 
hematite, magnetite and apatite are common accessories. 

Y ounger volcanic series 

Andesitoids (basaltic andesites to basaltic trachyan­
desites, rarely also basalts and trachybasalts) form a 
group of weakly to strongly altered rocks, corresponding 
to former "melaphyres": 

Porphyritic and locally trachytic textured rocks (type 
locality of Všeň) forming Java flows are mostly massive, 
partly amygdaloidal, black grey or brownish red in col­
our. The phenocryst assemblage consists of tabular and 
lath-shaped andesine (An.i2-48) and pseudomorphed clino­
pyroxene (as much as 2 vol. % ). Low-temperature al bite 
(Pivec, in press - type locality of Benešov), chlorite and 
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hematite are important additional minerals, formed within 
spilitic-like reaction of andesine-labradorite. Locally ob­
served traces of the original volcanic glass as well as cli­
nopyroxene (pigeonitic augite) are affected by 
smectitization or chloritization. Subordinate groundmass 
containing also potassium feldspar is often totally altered 
(hematitized). Moreover, a few samples contain strongly 
corroded quartz xenocrysts lined with diopsidic clinopy­
roxene. Prismatic apatite, skeletal ilmenite and secondary 
iddingsite represent accessory minerals. 

Rocks with intersertal to hyaloophitic textures are 
characterized by massive types (type localities of Stude­
nec and Hrabačov) . These rocks are generally aphanitic 
or amygdaloidal in hand specimens. The primary miner­
alogy reveals two plagioclase generations (An50_62 and 
An38_50), pyroxenes (pigeonitic augite and/or orthopyrox­
ene), and devitrified volcanic glass (commonly 20-35 
vol.%). Lesser amount of alteration products such as 
chlorite, albite, clay minerals, calcite and hematite are 
also found. A high degree of devitrification is visible, 
passing from black-brown to yellow-brown colour and 
resulting from abundant magnetite, and hematite dust in 
the groundmass. Highly devitrified glass, especially that 
containing skeletal plagioclase, may be whitish grey in 
colour. Pseudomorphs after olivine and magnetite occur 
as accessory phases. 

Rocks with ophitic or poikiloophitic textures are 
rare (type locality of Košt'álov). When almost unaltered, 
this rock is dark grey to black in colour and massive in 
hand specimens. Due to oxidation, the rock colour passes 
into purple or red, mainly along fractures . A typical mín­
era! assemblage comprises normally zoned plagioclase 
(An64_48, 45-50 vol.%), both ortho- and clinopyroxenes, 
and pseudomorphs after olivine. Reddish-brown biotite 
and magnetite grains form overgrowths on pyroxenes. 
Subhedral pyroxenes, if only partly altered, can be recog­
nized as very pate rose hypersthene or pale green­
coloured pigeonitic augite. The size of plagioclase and 
pyroxene microphenocrysts ranges from 0.15 mm to 2.1 
mm. Minor pseudomorphs after olivine (0-2 vol.%, up to 
0.6 mm in size) are rimmed by magnetite and consist of 
serpentíne or smectite minerals. Albitized plagioclase 
laths are also replaced by tiny colourless chlorite flakes. 
Acicular accessory apatite occurs in places. 

A textural diversity is also typical for altered acid 
rocks, especially those including ignimbrites. Ignimbrites 
are often hematitized and kaolinitized, pink to pate purple 
in colour. They occur in two varieties: 

Fine-grained rhyolite ignimbrite (type locality of 
Mlázovice) is usually characterized by predominance of 
silt-sized, moderately sorted ash with less abundant glass 
shards as well as broken feldspar clots or crystalloclasts, 
up to 2.5 mm in size. The ash particles have a spherical 
shape. Sieve-textured plagioclase fragments as well as 
areas or ríms of unevenly altered glass show disequili­
bration. Clay minerals formed after vitreous particles and 
feldspars as well as hematite dust are ubiquitous. Small 
broken quartz crystals occur in substantial amounts . 

Nevaditic rhyolite ignimbrite (type locality of Tato­
bity) predominantly contains subrounded and broken 
crystals of quartz (0.1-3 mm in size, 50-60 vol.%) and 
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Fig. 2 Vo/ccmics of the Krkono.fr Piedmont Basin and the 
Mn íchovo Hradišté Basin in the TA S diagram (Le Maitre ed., 
2002). Altered samples (empty circles) plotted far comparison 
were 1101 usedfor geochemica/ consideration. 
Rock fields: B - basalt, BA - basalt1c andesite, A-andesite, D -
dacite, R - rhyolite, TB - trachybasalt, BTA - basaltic trachyan­
desite, TA - trachyandesite, T - trachyte, TD - trachydacite. 
Exp/a11atio11.ľ far symbol: Jidl square.\" - group I (Carboniferous 
volcanics of the KrkonoJe Piedmont Basin); diamonds - gmup 
II ( empty díamonds - Permian vo/canics of the Krkono.fr Pied­
mont Basin. fu ll díamond - Mnichovo HradWé Basin); empty 
triangle.ľ - group III (Permian acid rocks of the Krkonoše 
Piedmont Basin and the Mnichovo HradWé Basin); empty cir­
cles - altered samples. 

alkali feldspar (0 .1-2.8 mm in size, 10-20 vol.%) with 
subordinate but characteristic pseudofl uidal banded 
groundmass. Otherwise fresh rock contains alternating 
thin bands of glass and fragments of quartz and alkali 
feldspar. Subordinate plagioclase grains show sieved tex­
ture or are totally sericitized. Quartz displays undulatory 
exti nction. Secondary voids after leached plagioclase and 
glass occur in strongly weathered rocks. Flakes of dark 
brown biotite (0. l-0.7 mm in s ize), zircon and sphene 
occur as accessory minerals. 

Geochemistry 

Analytical data 

The twenty-five samples from the KPB and 2 samples 
from the MHB were selected for geochemical study. The 
samples were selected with the purpose to cover a variety 
of regions and stratigraphical positions. Only a few out­
crops of Carboniferous vo lcanics are present in the KPB, 
exposing hi ghly altered rocks. For thi s reason, only four 
samples of Carboniferous volcan ic rocks were included 
into the sample set. Samples with H2O>3 wt.% were con­
sidered altered and excluded from the data set for geo­
chemical study. Major and trace element analyses of all 
samples are summarized in Tables 2 a, b. Nine rock sam­
ples from the KPB and one sample frorn the Centra! Bo­
hemian basins were chosen for Nd and Sr isotope study 
(Tab le 3). 

• 
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Geochemical characteristics oj volcanic rocks 

The studíed sarnples from the KPB and MHB show a 
wide range of SiO2 contents (48-78 wt.% SíO2). An un­
even distribution of SiO2 content was confirrned, wíth a 
cornpositíonal gap between SiO2 contents of 54-59 wt. %. 
The rocks were subdivíded into 3 groups accordíng to 
their SiO2 contents and stratigraphíc positions (see 
Lithostratígraphy). In the TAS diagram (Fíg. 2) of Le 
Maitre ed. (2002), the rocks can be class ified as: 
- group l, comprisí ng four sarnples that plot along the 
trachyandesi te-andesí te boundary and in the trachyte­
trachydacite field near the boundary with dacite. 
Schovánková (1985a, b, 1989) denoted all these rocks 
generally to daci tes. 
- group II, comprising samples that plot near the 
boundary of basaltic trachyandesite and basa ltic andesite 
fie lds, with some scatter into the adjacent basalt and 
trachybasalt fields . According to Schovánková (1985a, b, 
1989) these rocks are generally classified as andesítoids . 
- group III, represented by four samples of rhyolítes. 

Group I volcanícs of intermediate composition ís of 
Carboniferous age, whereas groups 11 and III are of Per­
mían age and reveal a basic-acíd compositíon . 

According to the Na2O + K2O vs. SiO2 contents, pre­
vailíng part of Carboniferous and Perrnian rock samples 
shows transitíonal character between subalkaline and alka­
line rock series of Miyashíro ( 1978). The high K2O and 
relatively low TiO2 contents retlect the pertinence of the 
studied rocks to those of continental character (Coleman, 
1977; Pearce et al., 1975). In Harker's díagrams. FeO. 
MgO, TiO2, MnO, CaO and P2O5 correlate negati vely and 
K2O correlates positively with SiO2. The contents of Al2O3 
and Na2O are uniform in most samples and decrease at 
high SiO2 contents (>65 %) only (cf. Table 2 a, b). 

The rhyolítes are alumina-rich and similar to peralu­
mínous S-type granites. However, their Al 2O:i/(CaO + 
Na2O + K2O) vs. Al 2Oý(Na2O + K2O) molar ratíos dis­
play a trend analogous to post-orogenic granites (sensu 
Loiselle & Wones, 1979; Maniar & Píccolí, 1989), Fíg. 3. 
When compared to experimental data (Altherr et al. , 
1999), the compositíon of the rhyolítes ís s irnilar to that 
of partia! melts of a metapel ite source (Fíg. 3 ). 

In PM-norrnalized multi-element variation diagrams, 
groups I and II show very si milar patterns wíth negatí ve 
Rb, Nb, Ta, Eu and Ti anomalíes (Fíg. 4). However, the 
groups substantially díffer in Sr anomaly, whích ís posi­
tíve in the group I and negatí ve in the group II . Rocks of 
group the III differ from other groups in better pro­
nounced negatíve Sr, Ti and Eu anomalies, as well as in 
negatíve P and Ba anomalies. 

The medium 1:REE is a characterístic feature of groups 
I and II oť intermediate rocks (141-385 ppm) and acid 
group lll rocks ( 125-17 l ppm). Chondrite-normalized REE 
patterns of all groups show medium to low fractíonatíon 
(Fig. 5) with LaN/YbN ratíos between 8-21 (groups I and II) 
and 4-7 (III group). Negatíve Eu anomaly is present in all 
sarnples (Eu/Eu* = 0.5-0.9), however, the expressive nega­
tíve anomaly ís characterístic of acíd derívatives (Eu/Eu* = 
0.1-0.2), índicatíng strong plagioclase fractionatíon in pa­
rental magma . 



Table 2: Chemical analyses of !he l,a1e Paleozoic vulcanics A55from lhe Krkonoše Piedmoni ílnd lhe Mníchovo Hrndiš1č basins. 

Kri.onoše Piedmont Buin - l!ľ'OUD 1 Krkonoše Piedmont Basin t!rouo II 

Nos. 1 2 J 4 5 6 7 8 9 IO II 12 1.1 14 

Samole t\o. JOi 312 JIJ J79 J80• JOJ JO.I J05 .!06• J07 308 J II JJ I• 376• 

Lomnice n. Doubra- B~ndcn- u 
Rumchaloa Pttka ľe<ka Lui»nv Lufan•ľ Studentt KošhUo,· Poo~lkou ,•ice llnabaro,, Koš1,1ov Sf:mil 

SiO, 67.33 58.39 56.63 62.72 59.41 53.12 52.70 52. 111 -16.52 50.72 52.23 51.6-1 58-46 43.75 
Ti02 0.51 0.88 0.78 o.n 0.75 1.54 1.45 U5 151 1.55 1.62 1.61 1.11 1.35 
Al,O., 15.03 16.67 16.16 15.68 16.88 15.84 16.21 16.4 1 15.57 16.17 15.95 15.85 17.74 17.36 

fe10 J 2.96 4.44 4.24 4.38 4.93 7.66 J .50 7.98 9.96 8,79 7.74 4.38 3.37 2.89 
ťeO 0.20 0.33 1.02 0.34 11.57 1.88 5.90 1.39 0.'5 1.89 2.:!2 5.92 4.37 6.3 1 

MnO 0.1\.1 O. IU 0.118 0.03 U.05 0.13 0.15 0.17 0.18 U.12 O. IO 0.16 0.05 0.09 
MgO ll.67 1.64 3.41 1.85 1.80 4.10 4.85 4.44 3.52 4.97 4.38 4.69 3.56 6.60 

CaO 258 5.6J 7.16 3.48 3.86 7.22 7.34 7.:1 9.79 7.99 7.72 8.08 o.ss 5.97 

N■20 3.62 3.19 3.52 2.96 3.)4 3.59 3.31 J.04 3.13 :?.90 '.!.92 J.22 J.08 5.14 

K,O 4.73 2.92 2.49 -1.25 2.57 2.11 1.94 2.63 1.87 1.24 1.96 1.37 3,-18 0.09 

P,O, 0.20 0.23 0.23 0.22 0.23 0.62 0.55 11.47 11.52 0.54 0.63 0.56 0.28 o.ss 
11,0· 0.71 1.54 1.15 l.~I 1.71 0.90 0.93 1.118 2.96 1.11 0.79 1.24 3.32 4.95 
H,o· 0.88 1.18 1.55 1.63 2.16 1,30 0.84 1.57 1.46 1.61 1.61 1.20 0.53 1.34 
CO, 0.77 2.73 1.76 0.55 1.53 II.OU 0.00 0.00 2.:'iO U.113 0.110 0.00 0.00 3.08 

s I00.23 99.87 1110.18 100.02 99.89 IIKl,01 99.67 99.84 99.8-1 99.73 99.87 99.92 99,90 99.50 

As 3.3 4,8 2.3 2.4 1.7 4.6 n.d. 2. 1 1.6 1.6 n.d. 2.5 9.5 8,4 

B• 841 1188 1156 837 I056 596 56-1 692 461 525 605 473 .:02 75 
Ce 85.7 56.7 57.2 84.5 59.7 121.0 107.7 170.2 93.5 94.0 118.2 101.3 73.8 104.6 

Co 5.6 n.d. 11.0 IO.O IO.O 22 25 23 22 28 22 27 26 40 
Cr I I 82 83 90 96 82 103 49 I I I 99 80 100 117 241 
Cs 5.89 4.50 2.04 7.19 2.68 0.40 0.46 0.76 0.34 0.53 0,39 0.46 10.6 1 0.48 
Cu 3~ 35 49 n.a. n.a. 79 9-1 49 so 49 97 99 n.a. n.a. 
Eu 1,19 1.40 1.42 1.47 1.40 2.53 2.40 2.30 2.25 2.30 2.55 2.43 I.J5 1.95 
Gd 7.0 6.8 6.0 7.0 4.6 10.6 10,5 l2.2 IO.O 9.6 8.1 11.8 10.1 8.J 
Hr 5.4 4.5 4.4 5.1 4.3 9.7 S.7 9,0 7.6 7.8 9.6 8.3 7.3 6.9 
Ho 0.76 0,52 0.58 0,77 0,65 1.22 0.93 1.06 0.82 1.15 1. 16 1,39 1.83 1.62 
La 53.4 32.8 33.5 5 1.3 32.4 65.9 58,5 !19.8 51.1 50.6 6-1.4 5-1.4 38.6 59.-1 
Lu 0.32 0.24 0,27 0.36 0.22 0,65 o.ss 0.59 0.58 0.6 0.65 0.65 0.55 0.56 
Nb 17 13 14 7 n.d. 36 29 27 31 27 31 26 20 21 
Nd 42.7 35.7 37.0 40.2 27.0 68.8 59.9 80,8 50.l 54.4 66.9 54.9 35.0 52.5 
Ni 13 35 57 32 54 53 56 48 63 59 55 53 n 88 
Pr n.d. n.d. n.d. n.d. n.d. 26.3 n.d. 29.4 n.d, n.d. n.d. 17.-1 n.d. n.d. 
Rb 158 73 61 157 62 43 32 49 33 29 .16 29 131 5 
Sc 9.4 19.6 19,2 15.3 18,9 23.7 23.6 27.6 26.6 27.7 25.l 28.7 20.1 29.0 
Sm 7.0 4,9 5.2 6.7 4.8 11.5 10.3 12.1 9,6 9.5 11.5 IO.O 6.8 9.0 
Sr 169 465 610 2S6 480 260 295 257 29 1 248 254 236 33 63 

Ta 0.84 0.54 0,53 0.83 0.48 1.70 1.59 1.27 1.42 1.45 1.74 1.48 1.46 1.54 
Tb 0,66 0.56 o.ss 0.69 o.so 1.41 1.3 1.25 1.26 1.25 1.45 1.35 0.96 1.16 
Th 23,96 9.68 9.67 21.-1-1 9.18 8. 14 7.17 11.61 6.09 6.08 7.86 6.35 14.61 6.85 
Tm 0.27 0.3 1 0.37 0.39 0.34 0.66 0.60 0.70 0.67 0.68 0.74 0.68 0.49 0.95 
u 4.19 2.12 3.13 3.63 2.46 1.43 1.16 1.39 1.94 o.s 1.93 1. 17 3,01 1.67 
v 23 79 83 38 74 100 102 108 135 11 3 9.1 124 112 168 

v 32 25 26 23 16 -18 -12 38 -II 42 -15 42 35 J2 
Yb 1,85 1,46 1.67 2. 13 1.37 3.93 3.79 3.72 J ,78 .1 .7 1 4.16 3.S9 3.5 1 3,63 

Zn 19 56 68 57 75 122 121 11 5 88 130 11 8 128 22 1 217 
Zr 176 140 140 193 143 349 290 30-I 263 260 320 265 236 252 

#Mg 32.9 1 44.29 59,66 47.53 42,98 49.49 52.92 52.07 44.22 51,54 S0.00 49,93 50.21 60.83 
K/Rb 248.-17 332.00 338.80 224.68 344,05 407.2S 503. 19 445.49 470.33 354.90 451.89 392.10 220.-19 1-19.40 
Rb/Sr 0.93 0,16 O.IO 0.61 0, 13 0, 17 0. 11 0. 19 O. II 0.12 0.14 0. 12 3,97 0.00 
ľh/Ľ 5.72 4,57 3.09 5,91 3.73 5.6Q 6. 18 8.35 3. 14 7.60 4.07 5.43 4,85 4.10 .--.-. 
Zr/llľ 4.10 8.26 11.35 8.25 t6JJ 35.9 1 33.45 33.74 .1-1.56 33.46 33.-17 32.08 32.5 1 36.50 
Nb/ľa 20.24 24.07 26.42 83Q 0,00 21.18 18.24 21.26 2 1.83 18.62 17.82 17.57 13.70 13.63 

) "" ""·" "'·" '"-~ '"·" "'-" "'°' "'" ,~.;o m.~ "'" m.w "'·" " ·'·" "'" Lli,JYI>,.; 20.72 16.11 14.38 17.33 16.93 12.02 11.06 19.23 9.69 9.78 11.10 10.03 7.90 11.72 

Eu/Eu• 0.51 0.74 0,78 0.65 0.90 0.69 0.70 0.57 0.70 0.73 0,7i 0.68 O.SO 0.67 

n.a. • not analysed, n.d. • not d~tcrmined. bclow dctection limit. • - ahcrl!d samoles t xcluded li'om the Al 36i.!L"OChcmical stud v. MH B • Mnil"hovo Hradišlč Basin. 

MHB 
15 16 17 18 19 

377 381• JSl J8J• JJ5 

Lomnic-t n. Brad lttkli Semily. Stanl 
ľoo<lkou Lhota V»rta ľoka Všrn 

51.6S 51.(16 52.07 50.116 511.51 
1.61 1.54 1.59 1.46 1.62 
17.3 1 16.26 16.51 16.10 16.33 
4.66 9.48 3.80 7.20 9.3 1 
5.116 1.58 5.30 3.50 2.13 
(I.I J (l.o7 (Ul 0,17 11.12 
4,2-1 4.25 4.44 5.73 -1.63 
6,6,1 6.89 7. 17 8.25 7.8:! 
3.39 3. 19 3.12 3.0-l 2.99 
1.9-1 2.(KI 1.50 1.58 1.18 

0.77 0.66 0.70 0.49 0.54 
1.(11 1.03 1.78 1.00 1.08 
1.57 l.25 1.92 1.66 l.6S 
0.00 0.06 0.09 0.00 O.Ul 

99.98 IIKl.32 UJO.IO 100.2-1 100.05 

0.7 0.9 63.J 1.9 -1 .1 
701 572 743 480 578 

113.2 110.5 117.5 73.8 9-1 .9 
25 22 2-1 29 173 
48 79 156 I I I 19 

0,68 0.39 5.58 0.48 3, 13 
n . .t. 11 .a. n.a. n.a. n,a. 
2.77 2.56 2,7 1 2.IJ 2.44 
10.6 10.2 12.8 s.s II.O 
8.5 9. 1 8.7 6.2 7.5 
1.70 1.48 1.60 1.41 1.45 
6U 64.9 67.6 40.9 50.4 
0.62 0.63 0.65 0,55 0.63 
22 211 22 II 19 

61.4 59.0 64. 1 41 .3 51.-1 
38 53 52 59 93 
n.d. n.d. n.d. n.d. n.d. 
35 37 20 26 39 

22.8 24.9 24.6 31.5 28.5 
11.0 10.5 11.5 8.0 9.7 
339 292 39 1 2:?l 279 
1,64 1.60 1.73 1.07 1.36 
1.36 1.34 1.46 1.16 1.27 
6.52 7.39 7.36 -1 ,6 1 6.95 
0,84 0,70 0,76 0.62 0.70 
1.09 2.67 1.29 1.10 1.55 
96 85 106 119 125 
36 35 36 31 33 

4.13 4.01 4.29 3.63 3.96 
120 98 126 115 142 
304 320 324 205 255 

49.00 46.85 5 1.6-1 54.63 4S.03 
460.06 448.65 622.50 504.38 272.41 

O.IO O. IJ 0.05 0.12 0, 14 
5.99 2,77 5.69 4.18 4,48 

35.92 35.22 37.03 33.03 34.D 
13.44 12.5 1 12.74 10.27 13.97 

268,88 265.86 284.86 1823 1 227.~ 
10.63 11.60 11.30 8.09 9.13 
0.78 0.75 0.68 0.77 0.72 

Krl<onok l'i<dmonl Basin• 2roup III 

20 :1 22 

J09 310 314 

Tatobih T111tob1t,• Mláiovice 

77.99 78.01 n.19 
1).11 O.IO O. IO 
11.J) 11.42 14.66 
1.0-l 1.115 1.62 
n.20 0„11 O.II 

11.02 l),l):'! 0.01 
11.43 0.4:'! 11.1 1 
0.35 0.08 0.26 
2.38 2.29 2.82 
5.03 5.IJ4 5,82 

0.0-l O.OJ om 
0.64 0.79 1.16 
0.68 0.59 0.25 
U,119 0.00 0.09 

100.33 100.15 99.82 

15,9 26.4 15.0 
94 83 82 

69, 1 69.6 57.0 

n.d. n.d. n.d. 
2 2 2 

15,47 10.09 3.8 1 
18 18 292 

0.19 0.2:? 0.27 
9,8 10.7 4,5 

4.5 4.4 8.4 
1.91 2.:?4 0.82 
35,6 35.2 32.4 
0,96 0.99 0.51 
33 31 40 

34.5 34.9 22.5 
n.d. n.d. 21 
13.4 n.d. n.d. 
335 328 266 
7. 1 6.7 0.6 
7,7 7.8 3. 1 
19 18 28 

2,63 2.5 1 1.73 

1.50 U5 0.47 
20.29 19.45 56.78 
0.90 0.97 0.35 
-1.40 3.59 3.45 
n.d. n.d. n.d. 
66 72 38 

6.41 6.58 3.12 
34 34 36 
94 86 191 

44.25 41.24 12.82 
124.62 127.5-1 181.60 
17,63 18.22 9.50 
4.61 5.42 16.46 
3.48 3.23 7.92 
12.55 12.35 23. 12 
168.5 1 170.72 125,01 
3.98 3.83 7.44 
0.07 0.07 0.22 

MHB 
:n 

334• 

Vk ll 

71.71 
O.II 

12.n 
0.86 
11.16 
0.03 
1.)9 

1.35 
:!.J6 
:!.09 
0,03 
2.15 
4,7 1 
0.15 

99.43 
11 ,7 
48 
7.4 
IO.O 
25 

7.36 
n.a. 
0.20 
10.4 
4.3 
3.09 
37.4 
1.17 
2S 

36.9 
2 

n.d. 
86 
6.9 
8.4 
126 
2.5 1 
1.59 

21J7 
1.08 

12.-16 
n.d. 
~ 

7.53 
60 
82 

75.73 
201 .7 1 
0.68 
1.72 
5.79 
9,96 
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0.07 
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Fíg. 3 Acid volcanic rocks oj the Krkonoše Piedmont Basin 
plotted in the diagrams oj Maniar & Piccoli ( 1989) and Altherr 
et al. ( 1999). For explanation oj symbols see Fíg. 2. These dia­
grams show the rock series ajfinity to peraluminous S-type 
granites and to partia! melts jrom a metasedimentary source. 

The following differences were recognized between 
the geochemical signature of comparable volcanics of 
groups I and II (see Table 3 for data): 
- Group I of more evolved intermediate to acid volcanics 
is relatively impoverished in compatible elements as Ni, 
Sc, V and incompatible elements as Sr, REE, Zr, Ti, P, 
Nb and enriched in incompatible elements as K, Rb, Ba, 
Th and characterized with high LaN/YbN ratio associated 
with low rREE and low K/Rb ratio. 
- Group II of more primitive intermediate to basic vol­
canics is relatively enriched in incompatible elements as 
Sr, REE, Zr, Nb, P and compatible elements as Ni, Sc, Ti, 
V, impoverished in incompatible elements as K, Rb, Ba, 
Th and characterized with low LaN/YbN ratio associated 
with high rREE and high K/Rb ratio. 

Within groups I and II kindred differentiation trends 
in Harker's diagrams point to a fractionation of magma of 
similar composition. Geochemical data indicate that 
the rocks of the group I represent more advanced differ­
entiates compared to the group II. The main differences 
are in higher K, Rb (Ba, Th), and lower Sr (REE, Zr, Ti, 
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1000..---------------------, 

Cs Oa Rb Th U K 'b Ta La Cc Eu Sr I lr Zr P '11 'lb Trn V \b 

1000.---------------------~ 
gruup II 

C. Oa Hb ľh U K 1'1, Ta La Ce Eu Sr Jlí 7_.r P ·n Th Tm Y Yb 

10000 .--------------------~ 

C. Ba Rh Th U K Nb Ta l.a Cc J.:U Sr II( 1...r P 11 Tb Tm Y Yh 

Fíg. 4 Volcanics oj the Krkonoše Piedmont Basin and Mnícho vo 
Hradišté Basin in the PM-normalized mu/ti-element variation 
diagram. For explanation oj symbols see Fíg. 2, cross-hatched 
areas correspond to rock.s oj indivídua[ groups 1 to 111. Normali­
z.ation values after Sun & McDonough ( 1989). 

P, Nb, Ta) and V (Ni, Sc) contents in the volcanics of the 
group I compared to volcanics of the group II. Negatíve 
Nb-Ta anomaly, depletion in P, Ti are typical features of 
subduction-related magmas (Bailey 1981). 

Prevailing intermediate rocks of both groups were 
compared with geochemically similar rocks from the 
doubtless active continental margin and subduction regime 
of (i) the Andes and (ii) island arcs of the southwest Pacific 
(e.g. Ewart, 1982). Geochemistry of rocks of groups J and 
II can be paralleled to Andean andesites and basaltic ande­
sites, respectively (Ewart, 1982). Considering the system­
atic increase in K, Rb, Ba, La, Ce, Th, Zr, Hf and decrease 
in Y along a profile from island are to thick continental 
margin (Bailey 1981), the Krkonoše Piedmont Basin is 
herein proposed to represents a region with very thick 
crust. Volcanics of both groups show very similar geo­
chemical features with the Andean volcanic rocks, primar­
ily of the Centra! Active Volcanic Zone - East (Thorpe et 
al., 1984). In the K2O vs. SiO2 diagram (Peccerillo & 
Taylor 1976) volcanics of both groups plot into the high-K 

. field, less commonly also to the field of shoshonitic series. 
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Fig. 5 Chondrite-nonnalized REE pattems of volcanics of the 
Krkonoše Piedmont Basin and Mníchovo Hradišté Basin. Nor­
malization values after Sun & McDonough ( 1989). 

All samples have low initial tNd values between -1 
and -6 and corresponding (87Srt86Sr); ratio of ca. 0.706 to 
0.707 (Table 4). Two samples with very high Rb/Sr ratios 
(samples 309 and 314) yielded much higher calculated 
(87Sr/86Sr); ratios, which is probably due to the modifica­
tion of Rb and Sr concentrations during sample alteration, 
as suggested by a similar Srn-Nd isotopic systematics as 
in other sarnples. In the (87Sr/86Sr); vs. tNd diagram (Fig. 
6), the <lata for samples of groups I and II produce a verti­
cal trend whereas rhyolitic rocks of group III show higher 
calculated (87Srt86Sr); ratio; this is probably due to the 
disturbance of the Rb-Sr system in these samples. Rocks 
of group II show negatíve correlation of t Nd values with 
some trace element contents (Sr, Cr, Ni). 

Origin and differentiation o/ magmas 

Similar pattems in PM-normalized multi-elernent 
variation diagrams and isotopic data point to the same 
source material of parental magma for rocks of groups I 
and II. Negatíve Ta, Nb and Ti anornalies, high K2O 
content and the position of the studied samples in the 
Th/Yb vs. Ta/Yb diagram (Fig. 7) are characteristic for 
lower crustal contamination (Pearce, 1983). Low tNd and 
(87Sr/86Sr); values, trending to the lower crust in the €Nd­

(87Sr/86Sr); diagram, and negatíve Rb anornaly m 
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Table 4 Contrasting geochemica/ jeatures oj the Carboniferous 
(/) and Pennian (II) groups of volcanics in the Krkonoše Pied­
mont Basin 

Group 1 Group II 
intennediate to acid intermediate to basic 

volcanics volcanics 
average range average range 

Mg# 47 33-60 51 49-53 
Ni (oom) 34 13-57 52 38-59 
Sc 15 9-19 26 23-29 
v 48 23-83 105 96-124 
K20(Wt %) 3.82 2.49-4.73 1.83 1.24-2.63 
Rb 125 61 -158 34 20-49 
K/Rb 271 248-338 440 220-622 
Sr 162 169-610 280 236-391 
Ba 947 841-1156 613 473-743 
REE 180 144-201 279 228-385 
La:,i/Yk>N 18 14-21 12 10-19 
Zr 170 140-193 302 260-349 
Th 18 10-24 8 6-12 
Ti(h 0.67 0 .51-0.78 1.54 1.35-1.62 
PiO, 0.22 0.20-0.23 0.61 0.54-0.77 
Nb 13 42917 28 22-36 

or----r-------------------, 
- l Á 

-2 

-3 >-

Erzgcbirge granilcs 
~ oldcr youngcr 

.! .. y-
Á 

-6 ■ 

-7 

-8 ..___.....___.__.__ _ _._ __ .__ _ _._ __ ..._ _ _._ _ __. 
0.700 0.710 0.720 0 .730 0.740 0.750 0.760 0.720 

("Srf'4Sr), 

Fíg. 6 Volcanics oj the Krkonoše Piedmont Basin in the 
f'srfóSr); vseNd diagram. For explanation oj symbols see Fíg. 2. 
Samplesjrom Centra/ Bohemian basíns (full circle) andfrom Erz­
gebirge granites (Färster et al., 1999) are plottedjor comparison. 

PM-normalized multi-element variation diagrams point 
also to the contamination by lower crustal material. The 
samples of groups I and II, however, are enriched in most 
incompatible elements compared to the lower crust (Fíg. 
4). Such enrichment can be achieved either by a frac­
tional crystallization or by mixing with acid partia! melts 
or by source enrichment. Both fractional crystallization 
and mixing with acid partia! melts should produce an in­
crease in Si02 content. However, some samples of the 
group II are basic (of basaltic composition), and the 
source enrichment is therefore more probable. Affinity to 
the OIB (see Fíg. 4) points to EM as a possible source of 
initial magma for groups I and II. Similar patlerns in the 
PM-norrnalized multi-element variation diagram and 
characteristic trends in Harker' s diagrams point to the 
fractionation of one initial magma within the indi vídua! 
groups. Nevertheless, variation in the Sr anomaly in the 
PM-normalized multi-element variation diagram cannot 
be explained by fractional crysta!lization or crustal as­
símilation. It is therefore probable that parental magmas 
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Fig. 7 Volcanics of the Krkonoše Piedmont Basin and Mníchovo 
Hradište Basin in the Th/Yb-Ta/Yb diagram (Pearce, 1983). 
Symbols as in Fíg. 2. 
SH - shoshonites, CA - calc-alkaline series, TH - tholeiites, 
ACM - active continental margins, O/A - oceanic island arcs, 
EM - enriched mantle, DM - depleted mantle, /PB - intra-plate 
basalts, MORB - mid-ocean ridge basalts, s - subduction en­
richment, c - crustal contamination, w - within-plate enrich­
ment, j - jractional crystallization. 

of the individual groups evolved in different ways. The 
presumption that the rocks of groups I and II cannot 
represent members of a single differentiation path is 
also clear from the Si02 contents, which are lower in 
younger rocks (group II) than in the older ones (group 
1). On the olher hand, similar patterns in PM-normalized 
multi-element variation diagrams for rocks of groups I 
and II point to very similar initial magma for both 
groups. The evolution from more acid to basic members 
can be explained by replenishment of one magmatic 
chamber by a new basic magma, although an evolution 
in different magmatic chambers can be neither ex­
cluded. Although the rhyolitic magma of group III has 
some characteristics close to the rocks of groups I and II 
(negative Ti, Nb, Ta and Sr anomalies, low t Nd values), 
the compositional gap between coexisting intermediate 
and acid rocks of the same age (groups II and lII) , the 
affinity of rhyolites to the S-type granites and different 
(

87Sr/86Sr); and t Nd values point to different sources of 
basic and acid magmas. According to (87Sr/86Sr); and t Nd 
values and the pattern in the PM-normalized multi­
element variation diagram (Fíg. 4) the parental magma 
of acid rocks (group III) formed by partia! melting of 
the upper crustal material. 

Compositional trends of the group II in the (87Srt86Sr); 
vs.ENd, t Nd vs. Sr, t Nd vs. Cr and t Nd vs. Ni diagrams point 
to a typical lower crustal contamination (cf. Fíg 8). Espe­
cially the increase in incompatible element contents to­
gether with decreasing t Nd values show that the magma 
composition was affected by assimilation as well as by 
fractional crystallization. However, simple mixing mod­
els of crustal assimilation cannot explain the observed 
trends (Fig. 8), and a combined AFC is a more probable 
process of magma evolution. To test this hypothesis, the 
evolution of t Nd, (87Sr/86Sr);, Sr, Ni and Cr contents in the 
magma during the AFC process was modelled (for meth­
ods used in modelling see the Appendix). As demon­
strated by this modelling, the parental magma of the rock 
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Fig. 8 Results of modelling of magma evolution. Composition of sample No. 305 was used as a starting magma composition, /race 

element contents in the /ower crust are /rom Taylor & McLennan ( 1985), t:Nd and (87Srl6Sr); were calculated for the age 290 Ma 

/rom the values of DePaolo et al. ( 1982). The line AFC was model/ed using the fol/owing parameters: fractionated phase consists of 

20 % plagioclase, 35 % olivine, 10 o/o clinopyroxene, 25 % orthopyroxene, 5 % Fe-oxide and 5 o/o apatite and r = 1 (mass assimi­

/ated/massfractionated). Mixing line is shownfor comparison; it models simple assimilation without fractionation. For the method 

of modelling see Appendix. 

group II could have evolved by the AFC process. The 
contaminant was represented by the lower crust, and the 
fractionated phase consi sted of 20 % plagioclase, 35 % 
olivine, 10 % clinopyroxene, 25 % orthopyroxene, 5 % 
Fe-oxide and 5 % apatite, while r = l (mass assimilated/ 
mass fractionated) - see Fig. 8. 

Comparison to other Upper Paleozoic volcanics of the 
Bohemian Massif 

Basic to intermediate rocks of the KPB (groups I and 
II) were compared to volcanic rocks of other LP basins in 
the Bohemian Massif (Centra! Bohemian basins, the 
Česká Kamenice Basin and the Intra-Sudetic Basin). In 
PM-normalized multi-element variation diagrams the 
rocks from the Česká Kamenice Basin and the lntra­
Sudetic Basin show very similar characteristics - negatíve 
Nb, Ta, Eu and Ti anomalies (Fig. 9), enrichment in most 
of incompatible elements, pointing to similar sources of 
their parental magmas. Nevertheless, differences were 
found in the magnitude of Sr, Rb and Eu anomalies. Such 
differences can be explained by fractionation of plagio­
clase and by a different degree of crustal contamination. 
Rather unclear trends in the Harker's diagrams show that 

rocks from different basins could not have formed by a 
continuous evolution of the same initial magma. 

More differences exist between the studied rocks of 
groups I and II and basic to intermediate rocks of the 
Centra) Bohemian basins. In PM-normalized multi­
element variation diagram, the elements from Nb to Yb 
show pattems similar to those of the group II with the 
exception of Ce anomaly in one sample from the Centra) 
Bohemian basins, whereas the elements from Cs to K 
show rather different patterns (Fig. 10). The similarity of 
the patterns for Nb to Yb may indicate a similar source of 
magma, however, the low number of unaltered samples 
of volcanics from the Centra! Bohemian basins makes a 
comparative study difficult (Pešek et al., in press) . 

When rocks of simi lar ages from different basins are 
compared, it is also difficult to find and explain the rela­
tionship between magma composition and the age of ex­
trusion/intrusion. Thus the discussed rocks can hardly be 
linked to an evolution in one large, uniform magmatic 
chamber, and it is much more likely that several smaller 
magmatic chambers existed beneath the Bohemian Mas­
sif. Some of them could have been replenished several 
times by new primitive (basic) magma batches. On the 
other hand, the initial magma in indivídua) chambers was 
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Fíg. 9 Basic to inlermediate volcanic producls of lhe Česká 
Kamenice Basin, Centra[ Bohemian basins and the lntra­
Sudetic Basin in the PM-norma/ized mu/ti-element variation 
diagrams. Representative samples of the group l (No. 313) and 
the group ll (No. 311) of the Krkonoše Piedmont Basin are 
plotted /or comparison. 

very similar and came from the same source. However, a 
separate study would be necessary to do to establish the 
number of the chambers and details of their evolution, but 
this is out of the scope of the present paper. 

Basic and intermediate rocks were correlated with the 
published data on UP volcanic rocks from regions outside 
the Czech Republic - the Polish part of the Intra-Sudetic 
Basin (Dziedzic, 1998; Awdankiewicz 1999 b) and the 
Northeast German Basin (Benek et al. , 1996). Rocks of 
the Intra-Sudetic volcanic field show similar patterns in 
the PM-normalized multi-element variation diagrams as 
those of the group II, thus possibly indicating a similar 
magma source. On the other hand, most of the rocks from 
the Northeast German Basin are rather different. Only the 
andesitic rocks from the Mecklenburg-Vorpommem area 
have similar geochemical features . 

A comparison of the acid rocks of the K.PB with their 
analogues from other basins in the Bohemian Massif 
shows a striking similarity in PM-normalized multi­
element variation diagrams (Fig. 10), suggesting similar 
magma sources. Acid rocks have their equivalents in 
rhyolites of the lntra-Sudetic Basin (Dziedzic, 1998; 
Awdankiewicz, 1999a, b) and in rhyolites and microgra­
granitoids of the Mecklenburg-Vorpommern area of the 
Northeast Gerrnan Basin (Benek et al. 1996). 
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Fig 10 Acid volcanics oj the Česká Kamenice Basin, Centra/ 
Bohemian basins and the lntra-Sudetic Basin in the PM­
normalized mu/ti-element variation diagrams. Representative 
samples of the group JJl (No. 314) of the Krkonoše Piedmont 
Basin are plottedfor comparison. 

The acid rocks of the K.PB (group III) were also cor­
related with the late Variscan granitic rocks of the Bo­
hemian Massif. Most of the late Variscan granitoids 
(Breiter & Sokol, 1997) were found to differ in their 
geochemical signatures from the studied acid volcanics 
of the K.PB. A similarity was found to some granitic 
rocks from the Eastern Erzgebirge - the Preisselberg 
type only (Breiter & Sokol, 1997; Forster et al. , 1999). 

Discussion 

The geochemical study shows that the parental 
magma of absolute majority of rocks of the group II 
evolved in a lower crustal chamber by the AFC process. 
This is in accordance with the conclusions of Dziedzic 
(1998) for volcanic rocks of the Intra-Sudetic Basin. 

It is probable that the initial basic magma was derived 
from an enriched mantle source (see previous chapter). 
The similarity of the studied rocks with those of the 
Mecklenburg-Vorpommern region suggests analogues in 
their origin. Their generation was explained by the un­
derplating of basic melts at the mantle-crust boundary 
(Benek et al., 1996). 

Opinions on the origin of acid volcanic rocks having 
similar geochemical characteristics as the rhyolites of the 



'!_:l-~U-:.:_l2_ry~ch~e~1..'.'.a::I··:..._· V:~o~lca~m'..'.:.·c..'.'.ac~t.'...'.iv:.'..'.ity~in~La~re:.._:V::_::a:.:_:ri.::sc:.::a:..::n·~·· __________________________ I 
231 

KPB are rather different. Benek et al. (1996) supposed 
that the rhyolites and microgranitoids from the Mecklen­
burg-Vorpommern area represent dry anatectic melts of 
the lower crust. However, Dziedzic (1998) assumed that 
the parental magma of rhyolitic rocks formed by the 
anatexis of the upper crust. Nd and Sr isotope signatures 
of the studied rhyolitic rocks and their trace element dala 
imply the upper crustal origin. In general, the origin of 
UP volcanics can be explained by underplating of basic, 
mantle-derived melts at the mantle-crust boundary, where 
they were substantially affected by lower crustal material. 
Heat from the magma together with extension movements 
Jed to the melting of the upper crust and formation of 
shallow magmatic chambers of rhyolitic magma. 

The LP volcanic activity in general is usually associ­
ated with the collapse of the Variscan Orogeny. Despite 
of the limited amount of Carboniferous volcanics (group 
I), a successive change in the geochemical character of 
volcanic rocks is evident. Volcanic activity in the KPB 
started with the Carboniferous intermediate volcanism 
(andesite to dacite) , which was replaced by more basic 
volcanic products (basalts to basaltic andesites) in the 
Permian. Yolcanics of both series represent products of 
late to post-collisional volcanism associated with the 
eastern part of the Variscan orogeny. The rocks of the 
Carboniferous group I show primarily calc-alkaline 
characteristics of volcanics of convergent plate margin­
like setting, plotting near the discrimination boundary to 
alkaline series. However, the rocks of the Permian 
group II with similar geochemical characteristics reveal 
some closer affinity to transitional to mildly alkaline 
volcanics typical of a within-plate, post-collisional ex­
tensional setting. A similar transitional development of 
geochemícal characteristícs of the LP volcanic activity 
was reported by Awdankiewicz (1999b) from the Intra­
Sudetic Basin. Calc-alkaline volcanic rocks with geo­
chemical characteristics of convergent plate margins 
need not be always associated with the subduction at 
convergent plate boundaries. They can also originate in 
a post-collisional extensional setting, adjacent to former 
active continental margin, with a transition towards vol­
canism with alkaline affinity. An example of such a de­
velopment is the Basin and Range Province, SW USA 
(Desonie 1992; Davies & Hawkesworth 1995). 

The heat input into the crust from the primary basic 
magmas and from the upper mantle thermal layer Jed to 
the formation of anatectic crustal melts as represented by 
the group III rhyolites. 

Variable evolutionary trends in volcanic activity in 
different basins point to the existence of several inde­
pendent lower crustal magmatic chambers. The rise of 
basaltic magmas and their emplacement at the mantle­
crust boundary (Benek et al. , 1996) can well explain the 
variations observed in the rock suites. Formation of a 
number of small-scale plumes is characteristic of the 
passive rifting (Buck, 1986), which was probably the 
principal mechanism of extension in the region of LP 
basins in the Bohemian Massif. Rifting can be well ex­
plained by a post-orogenic collapse of the Variscan 
Orogeny. 

Conclusions 

The Late Palaeozoic volcanic activity of the KPB 
shows the following characteristics : 
- three separate groups of volcanic products were rec­
ognized: group I consisting of trachyandesites, (andesites) 
and trachydacites, group II including basaltic andesites 
and basaltic trachyandesites (alkali basalts, trachybasalts), 
and group III including rhyolites only; 
- volcanic activity in the KPB started in the late Car­
boniferous with calc-alkaline andesitic to trachyandesitic 
activity (group I) in the southem part of the basin, and 
migrated northwards during the Permian tíme. In the 
Permian, basaltic to andesitic (group II) and rhyolitic 
(group III) types of volcanism coexisted; 
- the parental magma far basic to intermediate rocks 
was probably derived from an enriched mantle source and 
retained in lower crustal chamber(s) for a long tíme, 
where it evolved by the AFC process; 
- the beat input from primary magmas (together with 
that from the rnantle thermal layer) led to the formation 
of anatectic melts; 
- volcanic products of different LP basins of the Bohe­
mian Massif are principally similar in their sources and 
origin; however, they probably evolved in separate, 
lower-crustal magmatic charnbers. This can be explained 
by the existence of a nurnber of small-scale mantle 
plumes, characteristic of passive rifting; 
- the origin of the LP volcanic activity in the N Bohe­
mia can be linked with the collapse phase of the Variscan 
Orogeny and the tensional regirne. 
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Appendix 

Changes in the trace element contents in the magma 
during assimilation of lower crustal material and during 
combined AFC process have been rnodelled. The com­
position of a sample with relatively high ENd (recalcu­
lated to 290 Ma) - e.g., sample No. 305 was taken as a 
starting magma composition. The trace element contents 
in the lower crustal material were taken from Taylor & 

McLennan (1985) and ENd and (87Sr/86Sr); were calcu­
lated from values of DePaolo el al. (1982). The used 
lower crustal composition is summarized in the follow­
ing tables: 
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Ni 
Sr 

d 
Cr 

e"srt86Sr) 
( 87Rb,i'"íSr) 
(
87S r,i'"íSr); 

135 
569 
18.5 
235 

0.717 
0.056 
0.7168 

(' 4JNd/'44Nd) 0.51071 
<147Sml~d) 0.0943 
ENrl -33 .84 

Initial (87Sr/86Sr)i and ENd are recalculated for 290 Ma. 

Modelling oj magma mixing (simple assimilation) 

For the calculation of trace element evolution during 
simple assimilation of lower crustal material , the follow­
ing mixing equation was used: 

c~ix = Xmc~ +( 1- Xm Je! 
where ej is the concentration of element i, indexes m, a, mix 
stand for the initial magma, the assimilant and the result­
ing magma affected by assimilation, Xa is the weight 
fraction of the resting magma expressed by the ratio of 

masses M : X = Mm 
m Mm +Ma 

For the evolution of 87Sr/86Sr isotope ratio during sim­
ple assimilation, the equations of Langmuir et al. (1978) 
were used: 

where 
Sr X 

cm m 

Explanation of symbol s: c5
' concentration of Sr; 

subscripts a, m, núx stand for the assimilant, the initial 
magma and the resting magma affected by assimilation, 
respectively; Xm stands for magma fraction (see the mix­
ing equation). 

The same type of equation was used for the evolution 
of 143Ndľ44Nd in Lhe magma upon mixing. 

Modelling oj assimilation-jractional crystallization pro­
cess (AFC) 

The equation used for the calculation of the trace ele­
ment concentrations, 143Nd/144Nd and 87Srt86Sr ratios in 
the magma during the combined AFC process was taken 
from Allegre & Minster (1978) and DePaolo (1981). 
a) trace element concentration during AFC: 

c; = F -z +(-r-) c! ( 1- F -z) 
C:~ r -1 zc:i 

where 
r+D-1 

z = ----
r-1 
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ci is the concentration of trace element i, subscripts m, a 

stand for the magma and the assimilant, respectively, su­
perscript O stands for the initial magma, r is the ratio of 
assimilated mass/fractionated mass, F means the magma 
fraction (mass of initial magma/mass of evolved magma) 
and D is the bulk partition coefficient of fractionated solid 
phase. For the calculation of the bulk partition coefficient, 
the following mineral-liquid partition coefficients were 
used: 

Plg 01 cpx opx Fe-Ti apatite 
oxide 

Ni 0.0621 4.361 1.291 0.7921 3.821 

Sr 5.28 11 o .oľ> 0.53) 0.01 3> O . Jľ1 l .l l2) 

d 0.093) 0.0231 0 .1213) 0 .0521 0 .0079131 )4 11 ) 

Cr 0.022> 0.635) 3.581 0 .951U) 68) 

Data source: 1>ewart & Griffin (1994), 21Luhr & Cannichael 
(1980), 31Bacon & Druitt (1988), 4lVillemant (1988), 5lseattie 
(1994), 6>Drake & Holloway (198 1), 71 Burke et al. ( 1982), 81 

Ringwood ( 1970), 9Jouke ( 1976), '01Dunn & Sen (1994), 11 > 
Paster et al. (1974), 121Watson & Green (1981), 13>Fujimaki & 
Tatsumoto (1984) 

The following equation was used for the calculation of 
the isotope ratio during the AFC process: 

a ; _ a io ( cio) 
m m =]- c,~~ p-z, 

ai -aio 
a m 

where aj is the isotope ratio (87Sr/86Sr or 143Nd/ I44Nd), 
other symbols are the same as in the previous equation. 
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Shear deformation in granodiorite: Structural, 40 Ar /39 Ar, and 
geotechnical data (Tribeč Mts., Western Carpathians) 
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Abstract. A shear zone in granodiorite has been studied in the Tribeč Mts. Whole rocks and mineral sam­
ples from deformed and undeformed rock types have been processed by means of structural , geotechnical 
and 40 Ar/39 Ar methods. The shear zone was formed by progressi ve simple shear in ductile to brittle-ductile 
conditions. The quartz isotropic microfabrics of the undeformed host rocks have been progressively trans­
formed into ani sotropic microfabrics composed of single oblique girdle indicating sini stral shear. A sim­
ple shear deformation was responsible for the formation of "s" and "c" foliations. Shear strain has been 
calculated for particular parts of the shear zone. Geotechnical data show the decrease of mechanical index 
parameters of rocks towards the centre of the shear zone. Decreasing of SiO2, MgO and Na2O content and 
increasing of Al2O3, CaO, K2O and Fe2O3 in the same direction have been documented . 40 Ar/39 Ar data of 
white micas from centre of the shear zone proved its formation about 71 - 63 Ma ago. Obtained ages are 
interpreted as shear zone formation age . 40 Ar/39 Ar biotite apparent age spectra from undeformed grano­
dioríte samples reveal s ignificant Ar excess. 

Key words: granodiorite, shear zone, structural <lata, 40 Ar/39 Ar dating, mechanical properties, Tribeč Mts., 
Western Carpathians 

lntroduction 

Geological mapping (lvanička et al., 1998) revealed 
in the Zobor part of the Tribeč Mts. (sensu Vass et al., 
1988) a tectonic zone of NE-SW trend, being accompa­
nied with intensive mylonitization of granitoid rocks. 
The length of the zone is app. 1 O km, the width varies 
from several hundreds to several tens of metres . The 
rock deformation inside the zone is not homogeneous. A 
segment of this tectonic zone is exposed in the north­
western - Zobor part of the Tribeč Mts. in termination of 
the Malé Jastrabie Valley (Fig. 1) . The mylonitic zone 
with transitions from deformed granitoid rocks towards 
undeformed ones is ex posed there in the outcrop of app. 
dimensions 5 m x 5 m x 3 m. Mylonitic zone, resp. 
shear zone of the brittle-plastic character, is developed 
in the medium-grained biotitic granodiorites to tonalites 
(lvanička et al., 1998). Broska & Petrík (1993), Petrík 
et al. , (1994) ranked these types of granitoid rocks to 
allanite, resp. 1-type of granitoid rocks of the Western 
Carpathians. In the outcrop we have distinguished three 
domains in relation to the intensity of rock strain from 
undeformed to the most intensive deformed rocks. The 
topic of our study included the change of rock proper­
ties in indivídua! distinguished domains . We have ob­
served the type and spatial arrangement of tectonic 
foliation and lineation as well as the change of arrange­
ment of quartz optical axes. Isotopic research was fo-

cused prevailingly on 40 Ar/39 Ar micas dating from 
deformed and undeformed types of granitoid rocks . The 
last observed topic covered the geomechanic properties 
of rocks and their changes in relation of tectonic rock 
strain. 

Methodics 

Using macroscopic criteria for the evaluation of the 
deformation degree we have distinguish three domains in 
studied locality/outcrop. These differ each another pre­
vailingly by the different intensity of tectonic foliation 
development (Fíg. 3). The first domain is without any 
presence of visually recognizable tectonic overprint. The 
second one is characteristic with the presence of "s­
planes" of tectonic foliation . Third domain manifests 
strong development of "c-planes" of tectonic foliation, 
next the intensive rnacroscopicall y observable deforma­
tion of minerals and development of definable stretching 
lineation. 

Structural analysis consisted from identification and 
determination of spatial characteristics of principal struc­
tural elements (foliation, mineral lineation). Structural 
data were graphically analysed using tectonograms (e.g. 
Fig. 3). Oriented thin-sections allowed to observe the mi­
crostructures. Orientation of optical quartz c-axes was 
defined using standard methodics by universal stage (c .f. 
for instance Fediuk, 1961 ). 
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The index mechanical characteristics of rock mas­
sif/material were tested by the Schmidľs rebound hammer 
as well as the Point Load Test (PLT). To learn the resis­
tance of rock against weathering we used the Slake Dura­
bility Test. 

Schmidťs rebound hammer for simply and quick 
testing of rock rebound hardness allows to obtain an 
in formatio n on a broad physica l state of rocks in the 
mass if. Simul taneous ly it al lows to di stingui sh in meas-
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Fíg. 2a-c Changes in oxides content across shear zane Jrom 
sample T-1 to sample T-3. 
a C 

b 

ured profile the horizons wi th differing degree of rock 
weathering (resp. other alterations) . lt is useful for 
qualified estimation of rock strength characteristics . 

Point Load Test - PLT - 1s150> [MPa} allows prompt 
determination of rock strength . Test consists from registra­
tion of rock resistance against the irnposed stress through 
two co-axially arranged conic platen points. The examina­
tion can be carried out on regularly shaped (square, cylin­
drical roller) or irregular (fragrnents) sarnples . 



J. Krá/ el al.: Shear deformntion in granodiorile 

Slake Durability Test was used for evaluation of 
"rock durability" . From each rock we prepared 20 frag­
ments weighting app. 50 g (using JO fragments into two 
rotating drums) . Fragments were thoroughly washed and 
easily removable roughnesses and edges were retrieved. 
Consequently they were dried usi ng temperature 105 °c 
till their steady weight. We placed two samples of the 
same rock type into the perforated steel drums with 
holes of 2 mm diameter. Both drums were fixed to appa­
ratus in such a way to be submerged into the water con­
tainer to the water level reaching the level approximately 
2 cm beneath the drum rotalion axis. The drums' rotation 
by velocity 20 turns per minute lasted two minutes. Af­
terwards the samples were taken off the drum and dried in 
drying-oven to steady weight. The whole cycle was re­
peated 3-times. 

The micas for 40 Ar/39 Ar dating were separated from 
crushed and sieved rock using the wet shaki ng table and 
electrostatic separator. Purification was done using hand 
separation under binocular magnifying lens and ultra­
sound in distilled water. Next step was the irradiation by 
fast electrons together with internal laboratory standard 
W AP. The isotopic ratios 40 Ar, 39 Ar were measured from 
individual gas portions (purified in vacuum quartz equip­
ment by gettering) in increasing temperature, applying the 
gas mass spectrometer VG-5400. This standard proce­
dure, used in geochronologic laboratory Geozentrum 
Wien, has recently the indívidual analytical steps automa­
tized . For age calculations there were used the decay con­
stants by Steiger & Jäger ( 1977). 

Results and disscusion 

Description of investigated samples 

The primary rock is represented by massive, me­
dium-grained, equigranular light-grey granodiorite to 
tonalite of !-type, rich in biotite, titanite, allanite and 
epidote. There are typical the greenish plagioclases with 
basic cores, as well as bluish grains of quartz reaching 
dimen sions 3-6 mm. The increasing deformation 
changed the rock character from massive to schi stose 
with expressive foliation and often with abundant seric­
ite, occasionally only with Fe oxides and hydroxides in 
foliation planes. This rock has greenish to grey-green 
colour with the white deformed feldspar porphyroclasts . 
Green character is caused by the presence of newly­
formed phyllosilicate sericite and chlorite phases, even­
tually chloritized biotite . 

The undeformed granitoid rocks have hypidiomor­
phic crystal shape, with modally the equal presence of 
quartz and plagioclase grains reaching dimensions up to 
6 mm. Quartz forms the well-preserved hypidiomorphic 
grains with weak undulose extinction. The plagioclase is 
strongly sericitized to saussuritized and albitized pref­
erably in its cores with higher basicity, around which 
albitic rím is developed. Biotite is abundantly present in 
the form of rests and aggregates being often disinte­
grated, recrystallized , smaller, but often even of idio­
morphic shapes. It has rich green pleochroism in 
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sections X, Y and X,Z, that could indicate the increased 
content of Fe-component - annite. K-feldspar, if present, 
forms several mm large strongly perthitized grains . Ti­
tanite has form of clearly spinning, broken crystal forms 
recrysta llized to ilmenite. Next minerals, chlorite, rutile, 
magnesite, zircon and allanite are present accessorially. 

lncreasing degree of rock deformation markedly re­
duces the grain-size, mainly in quartz even below 0. 1 
mm. Quartz occurs in the form of bands (ribbons) with 
undulose extinction and even in the foamy structure . It 
behaves considerably plastically. It is possib le to ob­
serve the grain boundaries mígration. Contrary to thi s, 
the feldspars affected by the same changes , seric itiza­
tion to saussuritization, eventually by perthitization, 
demonstrate more rigid behaviour with gaining of pre­
ferred orientation. Biotite is changed to chlorite and this 
one together with sericite, as the main weakened miner­
als became the main bearer of deformation. The rock 
s tructure gradually changes from porphyroblastic to my­
lonitic with clear preferred orientation and lineated 
phyllosilicates. In the las t stage of deformation the rock 
became totally di si ntegrated, schi stose and oriented. 
Quartz has very fine-grained polygonal structure with 
steeply decreas ing grain-size below 0.1 mm. Feldspars 
and biotite are totally disintegrated into chlorite-sericite 
mass. Biotite is not present since. Its existence is con­
firmed only by the presence of chlorite with ilmenite 
clusters . 

Described deformation is possible to consider as 
relatively low-temperature alteration within greenschists 
facies. ft results from the phase change of biotite to 
chlorite where Eggleton & Banfield ( 1985 in Shelley, 
1993) suppose for the chloritization the temperature 340 
°C. In this case the more interes ting is the strongly plas­
tic behaviour of quartz during the rigid behaviour of 
feldspars. The very high s tra in rate could be supposed in 
this case. 

To complete the presented data we introduce also the 
results of the chemical analyses of selected oxides from 
samples taken transversally through the mylonite zone 
from undeformed granodiorite (sample T-1 ), protomy­
lonite (sample T-2) and mylonite (sample T-3; Fíg. 2a, b, 
c). The graphs demonstrate the decrease of SiO2, MgO 
and Na2O content towards the centre of mylonitic zone. 
On the contrary, the content of Al2O 3, CaO, Fe2O3 and 
K2O increases. 

Structural geoJogy 

From the viewpoints of tectonodeformation processes 
the rocks in the outcrop scale can be alternatively divided 
into three groups (Fíg. 3): undeformed granitoids without 
macroscopically and microscopically visible deformatio n 
structures, medium deformed granitoids being according 
to the classification by Sibson ( 1977, 1980) denoted as 
protomylonites and intensively deformed granitoid rocks -
mylonites (sensu l.c .). 

Undeformed granitoids (Fíg. 4) macroscopically do 
not express any tectonic overprint with exception of 
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Fíg. 3 Simplified sketch oj the shear zone a) simplified sketch with observed structural elements, intensity oj shading corresponds to 
intensity oj deformation, arrow indicates sense oj movement, diagrams display orientation oj the "s" and "c" planes and shear zone 
border: 315°190° ( Lambert projection, lower hemisphere), e angle between "s" plane and shear zone border, Lm stretching linea­
tion ; b) method oj calculation and graphic demonstration oj the homogeneous simple shear deformation oj the unit square I circle, 
e angle between "s" plane and shear zone border, 'l' - shear angle, r- shear strain; c)fabric oj quartz diagram/rom undefonned 
granodiorite ; d) fabric oj quartz diagram /rom protomylonite (n - number oj measurements); e) simplified sket ch oj centra[ part oj 
the shear zane with rose diagram oj orientation "s" and "c" planes 

joints, being oriented in two general perpendicular direc­
tions NW-SE and NE-SW. The orientation of optical 
quartz c-axes is isotropic and has no more impressive 
preferred orientation (Fig. 3c). 

The qualitatively new planes of planar anisotropy de­
scribed as schistosity or s-planes (Figs. 5 and 6) originate 
in deformation domain of protomylonites. These planes 

are parallel to the plane XY of deformation ellipsoid and 
originate perpendicularly to direction of the highest pres­
sure. In the ideal case the first s-planes would appear in 
the rock under the angle 45° to the boundary of shear 
zone. In observed zone the macroscopically defined 
s-planes include the angle 40° towards the shear zone. 
Towards the centre of shear zone the schistosity planes 
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gradually change their dírection and inclination (Fig. 3a). 
Using the orientatíon of s-planes it is possible to calculate 
the shear deformation/strain y in the rock: 

y = 2 / tg 20 (c.f. Ramsay, 1980) 

1 = tg 'i' 
where 0 represents the angle between the schístosity plane 
and the boundary of shear zanes (Fíg. 3b). 'V ís the shear 
angle between the unit deforrned object (square, círcle) 
with the "z" axis of the coordinate system (Fíg. 3b). On the 
basis of measured values it is possible to calculate the in­
crement of the shear deformatíon, the shear angle (Tab. 1) 
and to express the deformatíon (Fígs. 3b and 7). 

Tab. /: Relationship between the shear strain and orientation 
of the s- plane. 

angle between s-plane shear strai n shear angle 
and shear zone border 

0=40° y = 0,35 'I' = 19° 
0 = 30° y = 1,15 1j1=49° 

0 = 20° v = 2,38 \II= 67° 

The results of microstructural study of orientation of 
optical quartz c-axes demonstrate the anisotropic distri­
bution wíth the origin of strik.ing belt girdle maximum 
indicating the sinistral simple shear (e.g. Lister & Wil­
liams, 1979). In deformation domain of mylonites being 
directly in the centre of shear zone we have not succeeded 
to measure the representative number of quartz optical c­
axes, because the quartz grains were tectonically broken 
into the submi.croscopic aggregates. 

The centre of shear zone is ca 20 cm wide and the in­
homogeneity planes depicted )jke "c" planes (sensu Berthé 
et al., 1979) appear there. The "c" planes represent folía­
tions with concentrated shear deformation. The angle be­
tween "c" and "s" planes is ca 20° (Figs. 3e and 6). In the 
case investigated the failure of the rock coherence occurs 
along the "c" planes and the rock is sheared in brittle re­
gime. This is the reason why the mutual offset of rock 
blocks in the centre of shear zone is not possible to define 
precisely. 

Physical-mechanical properties 

Modified final value of the strength index by the Point 
Load Test is correlated with the strength in the uni-axial 
pressure cr0 • The mostly used conversion relation is: 

CJc = 24 . Iscso) [MPa] 

Bieniawsk.i (1973) far evaluation of strength suggests 
to use the classífication scale, presented in Tab. 2. 

Tab. 2: Estimation oj a compressive strength oj rocks accord­
ing Point Load Test (Bieniawski, 1973) 

Strength degree PLT index Compressive 
Iscsoi [MPa] strenlrth o, [MPa] 

1.Very high >8 >200 
2. High 4 to 8 100 to 200 
3. Medium 2 to4 50 to 100 
4.Low 1 to 2 25 to 50 
5. Verv low < 1 <25 
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Fíg. 4 Photograph oj the undejonned granodiorite. Malé Jas­
trabie locality. 

Fig. 5 Photograph oj the protomylonite. Note the development 
oj the "s" planesfoliation. Malé Jastrabie locality. 

Fig. 6 Photograph oj the mylonite. The "s" planes joliation is 
predominant structure and "c" planes are present as a new 
structural element. Malé Jastrabie locality. 

z 

2 

y =0,35 y=1,15 y=2,38 

1 2 3 4 

Fig. 7 Graphic plot oj datajrom the Tab. 1, showing progres­
sive shear strain towards the centre of the shear wne. 
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Fig. 8 Evaluation of granodiorite alteration inferredfrom the Schmidľs rebound hardness. 

The results of measurements of rebound hardness are 
described in graph (Fig. 8). The measuring sample point 
T-3 was si tuated in outcrop with the strongest mylonitiza­
tion. The massif weathering is here the strongest in com­
parison to the whole outcrop, and is manifested by 
decrease of strength in uni-axial pressure (value 45.67 
MPa ranked the mylonite among the semisolid rocks ac­
cording to STN 73 1001 Norm). From the centre of my­
Jonitic zone (measurements in sample T-2) the strength in 
uni-axial pressure increases mainly due to the weakest 
rock deformation and smaller rock weathering. It con­
firms the wnality of physical-mechanical properties in 
mylonitic zone. The sample T-1 represents the weathered 
granodiorite without evident tectonic failure and it has the 
highest compressive strength values. The Fig. 8 confirms 
that derived strength in uni -ax ial pressure of investigated 
rock from the centre of mylonite zone is of low-order in 
comparison with the samples from its periphery. 

Very similar values of uni-axial strength in pressure 
are shown also by the PLT test. lt confirrns the suitability 

of the use of both methods for relatively quick and simply 
determination of this parameter either from technological 
or geotechnical viewpoints. The indicator of the rock re­
sistance against slaking (slake durability index) is then the 
percentage ratio of lowered sample weight compared with 
its original weight. 

origi nal weight - weight after n cycles 
Slake durability = ------------. 100(%) 
index (Id) original weight 

The examination allows to classify rocks into the six 
groups: 

a/ Id = 95 - 100 % - rocks with extreme durability, 
b/ Id = 90 - 95 % - rocks with very high durability, 
c/ Id = 75 - 90 % - rocks with high durability, 
dl Id = 50 - 75 % - rocks with medium durability, 
e/ Id = 25 - 50 % - rocks with low durability, 
f/ Id = O - 25 % - rocks with very low durability. 
For comparison we list the durability of granitoid rocks 

also from other localities in the Tribeč Mts. (Tab. 3). In the 
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Tab. 3: Durability ofselected granitoids from the Tribeč Mts. according to Slake Durability Test 

Number of Local ity Rock type 
sample 

1 Skýcov Leucocrate grani te 

2 Skýcov Slightly weathered leuco-
crate granite 

3 Javorový vrch Granodiorite tonalite, 
coarse-grai ned 

4 Javorový vrch Aplitic granod iorite 

5 Malé Jastrabie Myloniti zed granite 

6 Malé Jastrabie Mylonit ized granite 

7 Medvedí vrch Leucocrate granite 

sense of above stated classitication the obtained values of 
siate durability indicate the durability and resistance of 
granitoid rocks from the Tribeč Mts. against weathering. 

40 Ar / 3
9 Ar data 

Until recent only the geochronological data from 
granitoid rocks were publíshed from the crystalline base­
ment of the Tribeč Mts .. The tirst age from the zircon 
being separated from tonalite near Janova Ves was pub­
lished by Bojko et al. ( I 974). The U, Th/Pb model ages 
are concordant and vary around 290 Ma. Broska et al. 
( 1990) retined thi s data from zircons of similar rock for 
306 ± IO Ma. Data can be interpre ted as the intrusive age 
of plutonic rocks (tonalítes-granodiorites) in the Tribeč 
Mts. Rb/Sr datings of the whole rock granodiorite sam­
ples are discordant in comparison with these data and 
older - the slope of published isochron corresponds to the 
age 352 ± 5 Ma (Bagdasaryan et al.l 990). Kováč et al. 
( 1994) publ ished the Fr age 28 ± 3 Ma on accessory apa-
tite from tona! ite. ' 

The analysed mineral samples were separated from 
three sample types - undeformed granodiorite - (T-1 ), 
from partly deformed granodiorite (T-2, T-7) and from 
the centre of mylonite zone (T-3). Samples T- 1, T-2 and 
T-3 were taken from the distance ca 20 m from the area of 
di stinct mylonite zone developed in granodiorite. 

The principal analytic data together with plots of ap­
parent 40 Ar*/39 Ar ages (decay constants according to 
Steiger a Jäger, I 977) are given in Tabs. 4-10 and Figs. 
9 - 15. 

The biotite was separated and analysed from the sam­
ples of undeformed granodiorites T-1, T-8, T-9. 40 Ar/39 Ar 
spectra are discordant and al! apparent ages of indivídua! 
temperature steps are markedly higher as U-Pb data from 
zircons of petrographically identical rocks, limíting the 
intrusion age· for 306 Ma (Fig. 9, 14, 15). 

The only separable mínera! suitable for dating of de­
formed granodiorite T-2 was the fine light-coloured rnica 
because the forrner biotite was strongly chloritized. More 
than 60 % of 39 Ar from the sarnple was degassed in four 
last high-temperature steps (Fíg. IO). This part of the 
spectrurn gives the corresponding plateau age 155 ± 9 
Ma. 

Slake durability Slake durability Classification 
1. cvcle (%) 2. cycle (%) according slaking 

99.50 99.10 Extremely high 

99.68 99.20 Extremely high 

93 .59 93.30 Yery high 

97.99 97.71 Extremely high 

97.89 97.24 Extremely high 

97.68 97. JO Extremely high 

99.70 Extremely high 

From the sample T-3, representing the typical my-i 
lonite, we have separated and analysed two minerals - fine 
white rnica (sericite) and coarse-grained muscovite. The 
40 Ar*/39 Ar spectrurn of apparent ages in sericite has con­
tinual stai rcase shape, where for the higher degassing 
temperature the apparent age is ca 73 Ma, and in the Iow­
ermost degass ing ternperature the age is 63 Ma. Apparent 
40 Ar*t39 Ar ages of rnuscovite from the same sample (Fíg. 
12) have discordant character, mainly in the higher tem­
perature part of the spectrum. The degassing of muscovite 
is represented by plateau age 72 ± 2 Ma, that is in the 
range of analytica l error corresponding with the higher 
age from tine-grained light-coloured mica, separated frorn 
the sarne sarnple . 

Biotite from deforrned granodiorite T-7 has slightly 
concave shape, steeper in the high-temperature part of the 
spectrum (Fíg. 13 ). Lowermost apparent ages in the mid­
dle part of the spectrum are forming three medium­
temperature steps wíth data 81-82 Ma. 

Though micas are widely used in K/Ar geochronol­
ogy, in rnetamorphic terranes the obtained data are most 
frequently interpreted like the age of cooling, because 
their blocking temperatures are lower than the ages of 
many rnetarnorphic, resp . plutonic processes. Therefore 
they are used rather for the reconstruction of temperature 
history of investigated area than for the identitication of 
ages of plutonic, resp. metamorphic processes . Despite 
the usually well readable and interpretable spectra of e.g. 
phengite, the bíotites manifest various types of spectra, 
which interpretation might be complicated. One of the 
reasons is the presence of the excess argon. In s uch cases 
the apparent age spectra can be smoothed in all tempera­
ture steps and the shallow-brained analyses of the data 
can lead to the age significant spectra of minerals un­
touched by temperature. Spectra obtained from biotites, 
resp. minerals with excess Ar might be also of convex or 
concave shapes (the relevant literature to this problem is 
discussed by McDougall & Harri son, J 988). The interpre­
tation of such spectra is therefore necessary to be sup­
ported also by another geochronologic information in 
context of relating knowledge from regional geology. 

From the comparison of blocking temperatures of 
U/Pb system in zircons and K/Ar system in micas there 
fo llows, that Kl Ar ages of biotite in pl utonie resp. meta-
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morphic rocks will be lower than the real age of plutonic, 
resp. high-temperature processes. It was confirmed also by 
a big amount of published data from various geological 
areas. The magnitude of the difference in obtained U/Pb 
and Kl Ar ages in the case of the simplest thermic hi story -
monotonous cooling - depends on cooling rate. The com­
parison of data from the Western Carpathians - preferably 
from core Mountains, where the idea of monotonous cool­
ing during uplift in Hercynian evolution can be accepted -
confirms this model (the Malé Karpaty Mts. - Bagdasaryan 
et al. 1977, Shcherbak et al. 1988; the Malá Fatra, Mts. -
Shcherbak et al. 1990, Hók et al. 2000; the Veľká Fatra 
Mts. - Kohút et al. 1998; the Strážovské vrchy Mts. - Kráľ 

et al. 1997; review of available K- Ar data and their new 
interpretation from the crystalline basement of the Western 
Carpathians till 1985 is available in Burchart et al. 1987), 
though records about Alpine influence in these rocks were 
documented by Maluski et al. (1993). 

Tab. 4: 40 Arl9 Ar analylical dala from biolile, undefonned gra­
nodiorite T-1 , Tribeč Mts. 

Step T(C") % ·'''Ar• % 40Ar 40 Ar/39 Ar±2s. Age(Ma) ± 
d.(%) 2s.d. 

1 620 21.S 95 .S 44.83 +0.3 348.S ± 1.1 

2 690 11.5 97.2 45.34 +0.6 352 .1 + 1.9 

3 830 7.0 97.1 45.34 + 0.4 352 .1 + 1.2 

4 1060 45.4 97.2 45.49 +0.2 356.4 + 0.7 

5 1350 14.6 97.9 46.49 ±0.3 360.3 ±0.9 

J = 0 .004530 ± 0.4 % total gas age: 354.5 ± 2.8 

Tab. 5: 40Arl9Ar analytical datafromfine-grained white mica, 
deformed granodiorite T-2 (protomylonite), Tribeč Mts. 

Step T(C") % ]9 Ar. % 40Ar• 40 Ar/39 Ar±2s. Age (Ma) ± 
d.(%) 2s.d. 

l 585 11.3 54.2 13.72±11.0 113.6 ± 12.2 

2 605 3.9 47.0 21.46 ± 30.7 174.9 ± 51.3 

3 635 5.8 55.7 18.88 ± 18.3 154.7±27.1 

4 670 7.1 58.9 15.37 ± 14.7 126.8 ± 18.0 

5 710 7.2 67.5 16.39 ± 13.4 135.0 ±17.4 

6 750 7.2 58.2 18.78 ± 2.2 153.9 ± 3.2 

7 790 9.9 59.5 18.68 ± 3.1 152.6 ±4.5 

8 830 5.9 68.4 17.10 ± 6,5 140.6 ± 8.9 

9 1220 41.8 74.6 19.7 ±2.8 156.9 ±4.2 

J = 0 .004530 ± 0.4 % total gas age: 147.3 ± 15.0 
65 % plateau age: 154.5 ± 8.5 

Tab .. 6: 40 Arl9 Ar analytical dat a from fine-grained while mica, 
mylonite T-3, Tribeč Mts. 

Step T(C") % 39Ar• % 411Ar• 40 Ar/39 Ar±2s. Age (Ma)± 
d.(%) 2s.d. 

1 615 4.0 91.4 7.48 + 1.1 62.8 +0.7 

2 655 2.6 96.7 7.57 + 1.8 63.6 + 1.1 

3 695 4.8 97.8 7.54 +0.7 63.3 + 0.4 

4 735 2.6 97.5 7.58 ± J.5 63.7 ± 0.9 

5 785 11.9 98.7 7.60 + o.s 63.8 + 0.3 

6 845 6.5 98.S 7.76 + 0.5 65.2 +0.3 

7 920 18.7 98.7 7.94 + 0.3 66.6 +0.2 

8 995 17.4 98.8 8.25 ± 0.3 69.2 +0.2 

9 1050 21.4 98.9 8.49 + 0.2 71.1 ±O. l 

IO 1220 10.3 98.8 8.66 +0.5 72.6 + 0.4 

J = 0.004530 ± 0.4 % total gas age: 67.7 ± 0 .6 
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Tab. 7: 40Arl 9Ar analylical data from medium-grained white 
mica, mylunite T-3, Tribeč Mts., 

Step T(C0
) % J9Ar' o/o 40Ar· 411 Ar/39 Ar±2s. Age (Ma)± 

d.(%) 2s.d. 

1 620 3 .3 74.4 8.09 ± 8.0 67.9 ± 5.3 

2 690 6 .2 88.6 8.96 ± 6.8 75 .0 ± s.o 
3 790 l0.5 91.7 8.67 ± 4.2 72 .6 ± 3.0 

4 920 47.4 96.7 8.51 ±0.9 71.3 ±0.6 

5 1060 27.9 93 .9 12. 12 ± 1.2 100.8 ± 1.2 

6 1350 4 .8 67 .0 31.02 ± 2.5 247 .9 ± 5.9 

J = 0 .004530 ± 0.4 % total gas age: 88.3 ± 2.6 

65 % plateau age71.4 ± O. 7 

Tab. 8: 40 Ar/9 Ar analylical data from biotite, defonned grano­
diorite T-7, Tribeč Mts. 

Step T(C") % 39 Ar• % 40Ar• 411 Ar/39 Ar±2s. Age (Ma) ± 
d.(%) 2s.d. 

l 690 10.2 76.9 10.17 ± 2.0 88.2 + 1.7 

2 730 18.2 80.3 10.00 + J.4 86.7 ± 1.2 

3 780 15.5 82.2 9.46 + l.2 82.1 + J.O 

4 800 8.2 77.9 9.45 + 2.4 82.0 + 1.9 

s 880 14.9 80.9 9.33 + 1.7 81.1±1.4 

6 925 8.4 73.3 9.84 +2.8 85.4 + 2.4 

7 980 IO.O 75 .3 10.77 ± 2.1 93.2 + 1.9 

8 1080 9.7 77.0 12. 32 +2.4 106.3 + 2.4 

9 1250 4 .8 65.5 12.82 ± 4.4 110.5 ±4.7 

J = 0 .004530 ± 0.4 % total gas age: 88.5 ± 3.3 

Tab. 9: 40 Ar/9 Ar analytical data from biotile, undeformed gra­
nodiorile, T-8, Tribeč Mls. 

Step T(C") % 39Ar• % 4líA~ 411 Ar/39 Ar±2s. Age (Ma) ± 
d.(%) 2s.d. 

1 650 7.7 95.1 40.94 ± J.J 332.2 ± 3.4 

2 690 7.9 78.1 44.03 ± 2.0 355.1 ± 6.4 

3 730 8.7 92.2 42.81 ± 0.9 346.1 ±2.8 

4 780 IO.S 97.7 40.26 ±0.6 327.1 ± 1.9 

s 800 8.8 97.8 41.24± 1.0 334.S ± 3.1 

6 880 5.2 96.4 40.72 ± 1.8 330.6 ± 5.3 

7 925 4.4 95.9 41.17 ± 1.0 333.9 ± 3.2 

8 980 9.6 96.2 41.66 ± 1.2 337.6 ± 3.8 

9 1080 23 .5 97.9 41.17±0.4 334.0 ± 1.1 

IO 1250 13.7 97.6 40.19±0.8 326.6 ± 2.4 

J = 0 .004708 ± 0.4 % total gas age: 335. 1 ± 4 .9 

Tab. 10: 40Ar/9Ar analylical dala from biolite (biotite- albile 
enclave), undeformed granodiorile, T-9, Tribeč Mts. 

Step T(C") % 39Ar• % 40Ar• 40 Ar/39 Ar±2s. Age (Ma)± 
d.(%) 2s.d. 

1 650 22. l 98.0 47.11±0.3 377.6 ± 1.1 

2 690 22.5 98.1 46.35 ±0.3 372.1 + 1.1 

3 730 4.4 96.S 48.31 ± 1.4 386.3 ± s.o 
4 780 4.4 96.6 49.59 ± 1.3 395 .S ± 4.7 

5 800 22.3 97.9 49.12±0.2 392.2 ± 0.7 

6 880 7.4 97.7 48.70± o.s 389.1 ± J.9 

7 925 13.9 97.8 46.49 ± 0.3 373.1 + 1.2 

8 980 1.1 96.7 46.63 ± 2.3 374.1 ± 7.6 

9 1080 1.9 97.0 46.71 ± 2.5 374.7 ± 8.4 

J = 0 .004708 ± 0.4 % total gas age: 380.9 ± 3.4 
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Fíg. 13 40Ar / 39Ar apparent age spectrum in sample T-7: bio­
titefrom deformed granodiorite 

The variability of the shape of 40 Ar*/39 Ar spectra, ob­
tained from differently deformed granitoids of the Tribeč 
Mts., as well as the apparent ages alone have to be evalu­
ated in this context. Though it is questionable whether 
obtained knowledge can be generalized for the whole 
Tribeč crystalline basement, the found results indicate 
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Fíg. 14 40Ar / ·19Ar apparent age spectrum in sample T-8: bio­
titefrom undeformed granodiorite. 

that the relation of K/ Ar system to the Alpine thermal and 
dynamic overprint on the rocks of this basement is defi­
nitely different in comparison with other core mountains 
with available primary data on their Hercynian cooling. 
The differences in the shape of 40 Ar*/39 Ar mineral 
spectra, obtained from tectonically differently overprinted 
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granitoid rocks of the Tribeč Mts. require wider analysis, 
preferably by control these data by Rb-Sr geochronome­
ter. 

From the sample T-3, representing typical mylonite, we 
have separated two kinds of white micas - medium-grained 
muscovite and fine-grained white mica (sericite). Light­
coloured micas are the typical synkinematic mi'neral s in 
rocks and can be used for dating of the mylonitization age 
(Figs. 4 and 5). The apparenl 40 Ar*/39 Ar muscovite ages of 
sample T-3 have a discordant character only in the higher­
temperature part of the spectra. Apparent 40 Ar/39 Ar age 248 
Ma in the lasl temperature step cannot be interpreted unam­
biguously, but the decisive volume of outgassed Ar from 
muscovite is represented by the plateau age 72 ± 2 Ma, that 
is within the analytical error coincident with the higher ap­
parent age from sericite of the same sample. 40 Ar*/39 Ar 
spectra of the apparent ages in sericite are of staircase shape 
proving for higher degass ing temperature the apparent age 
ca 73 Ma and for the lowermost temperature of degassing 
63 Ma. The staircase spectra of white micas from mylonitic 
zones are common and can be caused by the mixed mínera! 
population of white mica different in age, next by the grad­
ual diffusion lost of 40 Ar* in the grains of different dimen­
sions, and by the prolonged neocrystallization during 
formation of mylonite zones (Kirschner et al. 1996). Com­
parison of obtained spectra from quantitatively different 
mica types from thi s sample and their age concordance 
documenL5, that their age is tied with the age of origin of 
mylonite zone. 

However, it is probable, that the anomalous biotite 
ages from undeformed rocks (T-1 , T-8 , T-9 - Figs. 9, 14, 
15) are caused by excess argon in analysed biotite, which 
can be analytically separated from radiogenic argon, pro­
duced in biotite in situ, e.g. by different variants of iso­
chron analysis of analytica l data. As the reason of the 
excess argon in biotite there is supposed the high partia! 
pressure of argon in the rock environment, that originates 
by degassi ng of rocks from the deeper crusta l parts and 
which in certain tectonic circumstances (thrusting) pene­
trates their higher parts. This phenomenon was described 
in the crystalline basement of the Eastern Alps by Brewer 

( 1969). For such argon entering into the structure of exist­
ing biotite, the temperature of environment must be 
higher as the blocking temperature of K-Ar system for 
biotite. Concerning the regional distribution of investi­
gated samples, the argon excess in biotites from unde­
formed tona lites of Tribeč can be understood like 
characteri stic phenomenon, spread at larger regional 
scale. It is not clear so far when the extraneous argon was 
captured by biotite. Because the excess argon is preserved 
mainly in undeformed granitoids, we suppose, that the 
excess origin can be joined with the deformation cvcnl 
and with the formation of mylonite zones. 

The apparent ages spectra obtained from white line­
grained mica from the sample T-2 (Fíg. 10) cannot be in­
terpreted unequivocally . Though the Jurassic record is 

bi · 40A * / 39 prova e m r ·· Ar spectra of apparent ages of various 
minerals also in other areas of crystalline basemenl of the 
Western Carpathians (Maluski el al. 1993, Kráľ el al. 1997, 
Hók et al. 2000), the process re lated to it is questionable . 
The white mica analysed in this sample is also secondary in 
origin. For formation of new sericite there is necessary the 
free potassium - it can be deri ved from the di sintegration of 
biotite, but can be brought into rocks also by hydrothermal 
processes. By this way there were interpreted the Rb/Sr and 
40A "'/ 39A J . . h . r ·· r urass1c ages m t e reg1ons where the record 
about Alpine tectonothermal evenl is completely missing 
(e.g. Schwarzwald; Grauert et al. 1993, Lippolt and Kirsch, 
1994). Potassium is deliberated during the chloritization of 
biotite and directly in this sample the biotite is strongly 
chloritized. Therefore we can suppose the temporal ties of 
origin of the newly-formed fine-grained mica in the sample 
T-2 with the strong chloritization of biotite. 

The process of rock deformation in granitoids of the 
Tribeč Mts., being indicated by biotite from the sample T-
7, had varying intensity. Presented spectra 40 Ar*/39 Ar of 
apparent ages (Fíg. 13) can be the demonstration of in­
complete degass ing of biotite during tectonic deformation 
in increased temperature, as is documented by minimum 
apparent ages from the medium-temperature part of the 
spectra. 

Conclusion 

The results of the examination of the shear zone in 
granitoid rocks in the north-western segment of the Zobor 
part of the Tribeč Mts. can be summarized as follows : 

• granitoid rocks were affected by shear deformation hav­
ing the character of progress ive simple shear 

• the strain rate of the rock was the highest in the centre of 
the shear zone and it corresponded to the value y = 2.38 

• compression during origin of the mylonite zone was 
oriented in N-S direction (the recent geographic orien­
lalion) 

• physical and mechanical characteristics of granitoid 
rocks correlate with rock deformation , i.e. with the zon­
ality of deformation 

• 
40 Art39 Ar ages obtained from the white micas from the 
centre of mylonite zones can be interpreted as the my­
lonitization ages 
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• the age of the origin of the shear zone suggests for the 
strong compressíon event, taking part at the boundary 
between Cretaceous and Paleogene 

• the accepting of the age of tonalite intrusion 306 ± 1 O 
Ma as well as knowledge on the crystalline basement 
cooling in other Core Mountains indicate, that granitoid 
rocks in the Tribeč Mts. were exposed to higher tem­
peratures than the blocking temperatures in K-Ar sys­
tems in biotites. It is confirmed by excess argon in 
biotites from undeformed granitoid roc ks, but a lso by 
the loss of radiogenic Ar from biotites of partly de­
formed rocks. The age of thi s process is not c lear up ti ll 
now, but we can assume, that it is related to the distinct 
tectonothermal event, that caused deformation and de­
cisi ve metamorphic overprint in rocks of cover se­
quence (Lower Triassic-Lower Cretaceous, !vanička et 
al. 1998), resp. mylonitization (ca 70 Ma). From this 
viewpoint the Tri beč Mts., as a core mountain is excep­
tional , because such demonstrations in the majority of 
Core Mountains were not documented yet in such a 
range. 

Appendix 

Location of sampling sites 

T-1 , undeformed granodiorite, Veľké Jastrabie Valley, ca 
1300 m to SW from the holiday resort Koželužne Bošany. 
T-2, partly mylonitized granodiorite, Veľké Jastrabie Yal­
ley, identical locali ty as T-1 
T-3, centra! part of mylonitized zone, Veľké Jastrabie 
Va lley, identical locality as T- 1 
T-7, mylonitized granodiorite, mountain ridge, 1000 m to 
SSW fro m the altitude point Medvedí (719.4 m above sea 
level), Tribeč Mts. 
T-8, granodiorite, the Žľaby locality (520 m above sea 
level), ca 700 m to SSW from the altitude point Javorový 
vrch (730 m above sea level), rock outcrop, Tribeč Mts. 
T-9, mafie enclave in granodiorite, rock outcrop, identical 
locality as T-8, Tribeč Mts. 
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Variscan suture zone in Gemericum: Contribution to reconstruction 
of geodynamic evolution and metallogenetic events 

of lnner Western Carpathians 

ZOLTÁN NÉMETH 

Geological Survey of Slovak Republic, Jesenského 8,040 01 Košice; nemeth@gssr-ke.sk 

Abstract. The finding of Variscan geosuture in the North-Gemeric zone, as well as microtectonic proofs of its 
kinematics, suggested a modified model ofVariscan tectonic evolution oflnner Western Carpathians, having 
impact also on metallogenesis. 

The northward inclined ductile shear zone, dividing Early Paleozoic rocks of Gelnica and Rakovec 
Groups of Gemericum, rnanifested kinematics of south-vergent Variscan exhumation. The Rakovec Group, 
partly representing subducted oceanic crust (active back-are type?), was exhumed in dextral transpression on 
Gelnica Group, as the former marginal lithology of the basin during the young stage of its evolution. 

We suppose that thermal processes in collisional régime were sufficient for increase of thermal gradient, 
metamorphism and metallogenic processes. Geodynamics of Inner Western Carpathians from the time of Or­
dovician riftogenesis till Mesozoic is interpreted to be a product of the heat flow caused by the same linear 
source of convectional heat. 

Key words: microtectonics, exhumation, metallogeny, geodynamic evolution, Gelnica and Rakovec Groups, 
Gemericum 

Introduction 

The research of the boundary zone between the Early 
Paleozoic Gelnica and Rakovec Groups of Gemericum 
was motivated by the multivariant interpretation of litho­
tectonic relations in this zone: 
1. Angular discordance of rocks of Rakovec Group to 

those of Gelnica Group due to the Spiš phase of fold­
ing (Fusán et al., 1955). 

2. Continual sedimentary and volcanic development 
from Gelnica Group to Rakovec Group (this finding 
was the reason of distinguishing the only one Volovec 
Group, Grecula, 1982). 

3. North-vergent Variscan overthrust of the northern part 
of Gelnica Group, i.e. Kojšov nappe on Rakovec 
Group (Rakovec nappe; Grecula, 1982). 

4. Finding of mylonitic zone on the boundary between 
both groups (Fig. 1), northem inclination of kinemati­
cally active oldest secondary foliation and proofs of 
the presence of higher to high-pressure metamorphic 
overprint of a part of Lower Paleozoic and partly Car­
boniferous rocks in the North-Gemeric zone (Hovorka 
et al., 1988; Radvanec, 1998, 1999) led to origin of 
subduction-exhumation model of the rocks of the 
Rakovec zone being interpreted Iike the Variscan su­
ture zone (Németh, 1999). 
The additional data of recent research, preferably 

about kinematics in this zone, should add arguments for 
or against above mentioned interpretations. 

All topographic orientations, stated in the text are 
relative and used for simplification of mutual azimuthal 

relations of tectonic units of lnner Western Carpathians. 
The orientations "northem" and "southern" etc. is valid 
only /or Tertiary and younger space relations. In the case 
of older geological events they are the relative ones, but 
simplify explanation of mutual relations of litho­
stratigraphic units in older evolution. The rotation of the 
crustal segments (microplates) during long-time evolu­
tion is widely known and proved with results of paleo­
magnetic survey. 

Methodology 

The result of this study are based on the regional 
structural/microstructural research following former re­
gional field mapping in the Gemeric region in the scale 1 
: 10 OOO and assembling of the geological maps of the 
Nort-Gemeric zone in the scale 1 : 25 OOO. 

The ductile shear zone dividing rocks of Lower Pa­
leozoic Gelnica and Rakovec Groups was firstly found by 
the field observation. Microstructural analysis was used 
for finding of deforrnation gradient of rocks and azi­
muthal orientation of tectonic transport. The mylonitiza­
tion of various protoliths caused the origin of the shape 
preferred orientation (SPO) and the lattice preferred ori­
entation (LPO) of rheologically active minerals. The LPO 
was investigated by optical microscope using the gypsum 
plate and U-stage. 

For calculation of differential stresses, causing defor­
mation of carbonates, we have used the paleopiezometri­
cal methods of Twinning incidence (It) and Twin density 
(D; Rowe and Rutter, 1990). 

Geological Survey ofthe Slovak Republic, Dionýz Štúr Publishers, Bratislava 2002 ISSN 1335-96X 



r··Trr ···i ...... . .... . ...... . .... . 
::::::.1.:::: :: 

1 :-:či):- :-1 
1··· @·····1 ::::: :: 3 ·::::::: '... . ... 

l~l~ľ~~~~llill 

o o' / ........... ~ ................... .._.. ....... ......__,__.__.__._......_~.....aa----

Shear zone betw een Gelnica and Rakovec Groups [Variscan; /in. course] 

Shear zone between Gemericum and Veporicum [Alpine; linear course] 

Bôrka nappe (exhumed Meliaticum) [Alpine nappe; area/ outcropping] 

AD1: 
Lower 

Cretaceous 
Collision 

io ::!=F®E 
-r @G 

~~: ti" 
··30~:::: ·, .... ····:., .. , 

~-~! 

Middle Cretaceous 
Post-collisional 

Unroofing 

'.i'se21 ~~IJ:D 
·~~ ~ . Llr PED~A_ •v 

PED2B~.;, ,ceN TOK 

T~ ·::: 

Z14 KH •. 

11 45 ~ 32 4':: : : ::ľ~· 1g~ 
,¾;,, ' ";~! 

. '"' '., .. 
io ~l'ii<l 
r. NK1 ~\i 

~1 02 1-=1~ -4 
~sl---<ls 

o 

~~~ 

~~,~ 
p 

10km 

1~1 rn. ~□ 
~10 ml11 W12 ltJ 13 

Németh, 2001 , sllghtly modified 

N 
.j:,. 
00 

~ 
~ 
;,,;-

~ ,-.. 

~ 
~ 

po 

'f 
t 
§ 
~ 

ť 
'l 
1 

~ 
'l 



Z Némelh: Variscan su/ure zone in Gemericum .. . 

Obtained data 

Recent area! course of boundary zone between Gel­
nica and Rakovec Groups (in redelined sense; Németh, 
2001 , Fig. 2; Németh in Mello, ed. , 2000) involves a strip 
of tectonites passing from the wider southem vicinity of 
the Ostrá hill (1014) through Smrečinka (1266), Hnilec 
village, southern vicinity of Pálenica hill (1115), 
Nálepkovo, Švedlár forest, Bukovec ( 1127), Lacember­
ská valley, eastwards from Slovinky village, Krompachy 
hill (1025), south of Žakarovce, eastwards of Gelnica 
town to the Široký hŕbok elevation point (731), Vyšný 
Klátov and village Bukovec (the schematic course of the 
zone is depicted in Fig. 1). 

Outcrops along the contact zone of Gelnica and 
Rakovec Groups demonstrate moderate dip of oldest sec­
ondary foliation to the N, NNW as well as NNE and gen­
erally subhorizontal E-W trends of lineation. In the 
eastem part of Gemericum, where the contact zone of 
both groups is bended to SE, the above described struc­
tural settings follow this bend. The foliation there dips to 
NE and mineral lineations have SE-NW to SSE-NNW 
trends. Mesostructures indicate the oblique overthrusting 
of the rock mélange of Rakovec Group on volcano­
sedimentary rock pi les of Gelnica Group. 

To compare the deformation gradient of rocks directly 
from the shear zone with character of deformation in the 
lower levels of the Gelnica Group and possible tectonic 
overprint of southermore parts of Gemericum, we firstly 
examined characteristics of rocks unaffected by the stud­
ied shear zone. 

Tectonites from the Gelnica Group away of studies shear 
zone 

Siliciclastic rocks and rocks oj volcanic affiliation 

Less deformed siliciclastic rocks are outcropping on 
the south of Gemericum and were sampled on the Zelená 
skala hill located to SE of Pipítka (1225) elevation point 
(ZEl , S2 = 120/40; ZE2, S2 = 110130; microstructural 
indications of tectonic transport are to NW) and from the 
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Bujaková hill to the south of Smolník town (BUJ8, S2 

= 150/30; BUJ9, S2 = 118122, transport to the west). The 
quartz clasts with the low degree of deformation mani ­
fested local pressure solution, weak rotation, rare undu­
lose extinction and the origin of subgrains. The LPO was 
not observed. In accordance with the mesoscopic pene­
trative cleavage the rough foliation planes originated in 
the microscale, being highlighted by the Qtz-Ser fine­
grained aggregates. The sporadic plagioclases were 
twinned in high angle to originating rough foliation. 

The next studied samples of quartzites and sandstones 
from the interna) parts of the Gelnica Group were taken 
from the upper termination of the Zábava valley to the 
north of Medzev village. The fine/medium-grained and 
usually banded samples demonstrated a partia! recrystal­
lization by the grain boundary migration (GBM). In the 
pressure shadows we detected the onset of polygoniza­
tion. Microfolds in foliation planes indicate prevailing 
transport either top-to-the-NE (ZBI, S2 = 225122; ZB3, 
S2 = 240140) or top-to-the-NW (ZB2, S2 = 330/35), both 
being the product of north-vergent compression. The 
transport top-to-the-NNW (ZB7, S2 = 330135) and ENE 
(ZB6, S2 = 235132) was indicated also by synthetic 
shears. The banded ultramylonitic quartzites are pene­
trated with thin veins of Alpine type (Czo, Lxn, coarse­
grained Ms). LPO of quartz in the sample ZB7 indicated 
dominating medium temperature prism <a> slip, corre­
sponding with the origin newly grown biotite as the pas­
sive marker of rough foliation. 

The effects of thermal flow, related to the late Varis­
can granitization, have been found in quartzitic rocks 
from the wider eastern and northern surrounding of the 
Zlatá Idka village (Zll, S2 = 258175, top-to-the-SE; ZI2, 
S2 = 102130; ZI3, S2 = 72/32; ZI4, S2 =216145). 

The increase of dynamic recrystallization causing de­
creasing grain-size of the protolith (ZI4) was accompa­
nied with origin of oblique foliation. The quartz c-axes 
orientation in ZI4 demonstrated the prevalence of the 
medium temperature (300-400 °C) prism <a> slip with 
minor contribution of rhomb <a> slip. The pole figure 
asymmetry in the prism <a> slip part indicated not very 
distinct top-to-the-SSE shearing. Contrary to thi s, the 

Fig. 1. Position of Variscan suture zane in the Alpine tectonic frame. The principal ductile shear zanes are indicated with dotted 
areas and are numbered in circles. A-C - Variscan south-vergent exhumation of Rakovec Group on Gelnica Group, both Lower Pa­
leozoic of Gemericum, during phase VD: A - tectonic transport demonstrated by microtectonics in mylonites of Rakovec Group in 
(allochthonous) hanging wall of ductile shear zone, B - tectonic transport demonstrated by tectonites of upper part of Gelnica Group 
in ( autochthonous) footwall of shear zone, C - course of Variscan ductile shear zone, D-G - north-vergent Alpine tectonic transport: 
D - shearing exhibited by rocks of Gelnica Gro up, E - emplacement of Bôrka nappe ( exhumed part s of Cimmerian Meliata-Hallstatt 
basin) on Gemeric rock sequences, F - Lower Cretaceous north-vergent transport of Alpine thick skinned Gemeric nappe on Vepori­
cum produced also interna[ imbrication of the nappe, G - location of the Silica superficial nappe either on Bôrka nappe or Gemeric 
sequences. Alpine nappe piling thickened continental crust. Thermal effects caused post-collisional unrooflng of Veporic core. 1 -
Pieniny Klippen Belt, remnant of Late Cretaceous to Early Tertiary closure of Penninic-related oceanic domain, 2 - crystalline com­
plexes of Tatricum, 3 - crystalline complexes of Veporicum, 4 - sedimentary and volcano-sedimentary sequences of Gemericum. 5 -
lithological boundaries and faults undivided, 6 - azimuth of foliation, number indicates dip in degrees, 7-9 - Paleozoic sequences of 
Gemericum: 7 - Ordovician-Devonian rocks of Gelnica Group, 8 - Devonian-Lower Carboniferous? rocks of Rakovec Group; Varis­
can ductile shear zane divides lithologies of both lithostratigraphic units. 9 - cover sequences of Gemericum: a - Carboniferous, b -
Permian. IO-// - nappe overliers on Gemericum: 10 - Bôrka nappe, 11 - Silica nappe. 12 - Paleogene cover. /3 - Veporicum undi­
vided. 
Overthrusting of Gemericum on Veporicum is the result oj Alpine compression during AD,. The boundary zone between both, so­
called Lubeník-Margecany line, is recently modifled with post-collisional unroofing during ADz. 
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bulk oblique foliation of Qtz + Ab + Ser ± Act aggregate, 
occurring in bands parallel with mesoscopic foliation, indi­
cated top-to-the-NNW sense of shearing. In the case of 
tourmaline microlayers (app. 80 % of Tur and 20 % of Qtz 
+ Ab), the bigger tourmal ines as a rule crystallized in the 
direction of oblique fo liation (top-to-the-NNW). The 
sample Zl4 by this way demonstrates very complex de­
formation history (the first plasLic deformation registered 
by quartz LPO indicates transport top-to-the SSE, the 
younger one by the oblique fo liaLion as well as the majority 
ofTur grains indicate top-Lo-the-NNW shearing). 

The dynamic recrystallization of quartz matrix of 
banded acid pyroclastics KHl (upper part of Hnilec Fm., 
S2 = 150132) rrom apical parts of the Kojšovská hoľa 
massif(I246) manifested the top-to-the-W shearing. 

The studied lithology in continual N-S trending pro­
file through the Tokáreň forest consisted prevailingly 
from banded sandstones. Rocks, mainly protomylonites, 
demonstrated weak fabric asymmetry. Non-penetrative 
tectonic overprint was reílected in differing sense of tec­
tonic transport (TOKl; S2 = / 10/45; top-to-the-WSW; 
TOK3 S2 = 56116 - ENE; TOK4; S2 = 170143 - ENE; 
TOK7; S2 = J 50/40 - NW). The ambiguity in azimuthal 
orientation demonstrates more probable a weak stress 
lield occurring during deformation, than the registration 
of t wo deformational evens. 

Flyschoid sandstones in the centra! part of the recent 
area! spread of the Gelnica Group (triangle among vil­
lages Vlachovo, Smolník and Helcmanovce) are out­
cropped in the Stará voda valley (SDOl ; S2 = 182/5; top­
to-the-SSE shearing) and in the Bystrý potok valley 
(BP4; S2 = 120/35; top-to-the-SE). Next outcrops in tri­
angle demonstrated different orientation of the stress field 
and general vergency of shearing to NNW (green porphy­
roid from Dlhá dolina valley D01125, S2 = 142127, top­
to-the-NW; green laminated sandstone south of Pálenica 
elevation point PAL2, S2 = 140/40, top-to-the NNE; por­
phyroid - Henclová north of Volovec elevation point 
HEI, S2 = 140122, WNW; sandstone north of the village 
Švedlár ŠV9, S2 = 140/13, NW; green porphyroid from 
Bystrý potok valley BP2; S2 = 140/50; NW). The tectonic 
transport to WNW was found also in the case of sand­
stone GPl from Gemerská Poloma village (Martinkov 
potok stream, S2 = 185//6). 

Contrary to the rheologically weak material (banded 
sandstones, volcanoclastics, pyroclastics and carbonates), 
more rigid and competent volcanic rocks demostrated 
very weak and undistinct tectonization only with primary 
stages of foliation development and mantled porphyro­
clasts being undistinctly rotated (HL2 - rhyolite from the 
northern surroundings of the Helcmanovce village, S2 = 
70121; HYl - rhyodacite outcropped to NW of Nižný 
Klátov village, S2 = 90/30, top-to-the-NW). 

Carbonates 

Microstructural data from carbonates of Holec Beds 
demonstrate the north-vergent transpressional tectonic 
transport with azimuthal spread from WNW to E (out­
crops north ofNižná Slaná GOl , S2 = 180125, top-to-the­
WNW; Holec elevation point to NW of Smolník town 
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with two types of calcitic marbles: HOl S2 = 355/50, 
top-to-the-E, but H03 top-to-the-NE; Bystrý potok val­
ley BP3, S2 = 160150, top-to-the-WNW; Turecká massif 
NW ofRožňava TUI, S2 = 140140, top-to-the-WNW). 

Differencial stresses determined by the paleopie­
zometry from samples GOl (average grain-size 253.9 
.J m; using method Twinning incidence 11 cr = 88-11 O 
MPa; Twin density D cr = 159-168 MPa), HOl (202.9 
µm ; It => cr = 208-21 O MPa; D => cr = 231 -233 MPa) 
and H03 (350.8 µm; It => cr = 141-154 MPa; D => cr = 
197-203 MPa) belong to the lower part of the value 
range found from the ductile shear zones in Gemeric 
region (cf. Németh, 2001). The sample GOl moreover 
demonstrated the grain boundary migration accompa­
nied with the origin of deformation lamellae in some 
grains. The higher differentia l stress, recorded in the 
sample HO 1 in comparison with HO3, caused the origin 
of microshears during the same plastic deformation of 
calcite grains . 

Tectonites of (autochthonos) footwall of ductile shear zone 

The flyschoid sandstones of the upper part of Hnilec 
Formation of Gelnica Group [redef. Hnilec Fm. (Németh, 
200 l; Fíg. 2); according to the lithostratigraphy by Ba­
janík et al. (1981) these sandstones belong to the 
Smrečinka Formation of Rakovec Group] represented the 
suitable rheological environment for preferential strain 
softening and the origin of ductile shear zone dividing 
rock of Gelnica Group in the footwall and rock mélange 
of Rakovec Group in the hanging wall of the shear zone. 

Mylonites oj laminated flyschoid sandstones 

Laminated sandstones from the northern vicinity of 
Švedlár (ŠHl, VS, = 340125, transport to SE) demon­
strate strong chloritic fo liation, asymmetric structures and 
oblique foliation of quartzy grains . Gypsum plate indi­
cates strong LPO of quartz aggregates. The shearing ori­
entation of mylonites of laminated sandstones (ŠV2, VS1 

= 322120, NE) corresponds to the transpressional defor­
mation regime when taking into account the moderate 
rotation of rock block bearing studied outcrop about 30° 
counterclockwise. Mylonite of black laminated sandy 
schist, outcropping in the tight vicinity of the Bukovec 
(1090) elevation point (ŠV3, VS1 = 330120), demon­
strates top-to-the-E shearing. 

The LPO of quartz grains of banded flyschoid sand­
stones (protomylonite - Slovinky village, SLV2, VS, = 
290/30; mylonite - Lacemberská dolina valley, 4LD, VS1 

= 10/5; ultramylonite - Perlova dolina valley, PED2A, 
VS, = 18418) demonstrated maximum in the area of low 
to middle-temperature prism <a> slip with contribution of 
basa! <a> slip. The tectonic transport in the horizon of 
sandstones lirstly occurred in their thin pelitic intercala­
tions. According to the weak asymmetry of pole ligures, 
but mainly according to microstructural indicators in 
phyllosilicates there was determined the prevailing east­
ern vergence of transport. The moderate shear bands and 
intrafoliation fold in quartzy undistinctly laminated phyl­
lite (Perlova valley, PED2B, VS1 = 344126) indicated 
transport to SW. 



Z Németh: Variscan suture z.one in Gemericum . .. 

intercalalions of 

• green phylliles 
C: basalt pyroclaslics o 

:;:; • basalt 
ltl intercalalions of E E green phyllites z ... 
o 

< lJ.. 1 g 
basalt ltl CD 

z C. ~ 
o ::s > o • basalt pyroclaslics 

o Cll o • > ~ o dolerite and gabbro ... >, • w (!) Cl) 

C green phyllites with 

o basalt pyroclaslics 
z Cl) 

green phylliles with c( > o C: products of bimodal. 

o:: ~ o vo1canism 
:;:; 

:::::, cu Cll 
E violet1ween 

-' o:: E phyl 1tes ... o 
o o yellow-green c,:, lJ.. ..-..- phyllites ... 1 

•Cl] o 
E o 

,/\/v 
~ 

CD 

o 
lJ.. 

z C. < 
~ ::s 
::, o 
..J ... 

/)v /)v 
iii (!) o 

o 
' '? /)v /)v cJ > o o s: ll) amphibolites, -o •CU gneísses and 

C 52 marbles o:: o 

C: 
.Q 
ro 
E ... z o 

c( lJ.. 
(.) 

z ~ 
o C. ·c 
> ::s I 
w o 
o ... 

(!) 

z cu 
< o 
u C: C: 

o 
Cl) :;:; 

> (!) ltl 

o E ... 
o o 
o:: lJ.. 

~ o 
C: o 
E 

Cl) 

Betliar 
Form. 

Pan-African 
basement? 

E 
o 
o o 
1 

E 
o 
o 
N 

200 
m 

altemation of 
flyschoid 

sandstones 
with acid ± 

intermediate 
pyrociaslics and 
volcanoclastícs 
rhyolite, d a cite 

porphyroid 

products of bimod. 
volcanism 

olive-green 
phyllite 

-e-~ _...,_/ • flysch sandstones 
with phyll. interc. 

olive-green 
phyllite 

quartzy olive­
green phyllites 

flysch sandstones 
• with phyllite interc. 

quartzy olive­
green phyllites 

25 1 

ive-green phyllites 
ucts of bimodal. 

sm 
lliles 
lites, 

es, carbonates 

black phylliles 

Fíg. 2 Uthostratigraphy ofthe lower Paleozoic of Gemericum (Németh, 1999, 2001). 

The most prominent deformation process, found in 
banded psammites, was static recrystallization affecting 
the quarzy intercalations being formerly dynamically re­
crystallized. The first kinematic activity observed in rep­
resenlative saíl!,Ples v(northvem surrounding of Vyšný 
Klátov village CP6, CP7, CP8, KLA3; N and NW sur­
rounding of Nižný Klátov village KLAS, KLA6A, 
POTl, POT2, POT3; to the NE of Bukovec village 
BKlA, BKlB, BK2, BK3A, BK3B) was activity and 
recrystallization in pelitic intercalations (origin of white 
micas, their folding, pulling out of fragmenls from bor­
dering quartzy inlercalations, rotation of porphyroclasls). 
Next followed dynamic recrystallization of psammitic 
(quartzy) intercalations. The last process found from mi­
crostructures was the slatic recrystallization of quartzy 
intercalations accompanied with growth of large polygo­
nal grains. They usually reached sizes being limited only 
by the distance between neighbouring pelitic intercala­
tions . The former non-coaxial deformation was indicated 
by strain fringes found on pyritic grains. Oriented sam­
ples indicate top-to-the-SE and SSE shearing (KLAS, VS1 

= 320120; POTl , VS1 = 56/46; POT2, VS1 = 5128). Sev­
eral samples (POT4A, VS1 = 32/36) demostrate the direct 
overthrusting of hanging wall of shear zone, and the 
shearing top-to-the-SW has been found there. 

Deformation gradient in laminated flyschoid sand­
stones strongly depends on their protolith. In the samples 
with lower content of pelitic component and strongly 

prevailing quartzy material the dynamíc recrystallization 
has been accommodated by quartz grains. Because of 
lower percentage of phyllosilicates, and primarily lower 
amount of fluid phase liberating during phase transfor­
mation from clay minerals to phyllosilicates, the imprint 
of static recrystallization has been weaker (KLA2A). 

Third mylonHe type represenls banded rock with pre­
vailing albite in albite-quartz aggregates (having macro­
scopic appearance of banded keratophyre pyroclastics; 
KLA2B). The samples are without indications of static 
recrystallization with localization of deformation into 
penetrative foliation planes with phyllosilicates. 

Mylonites oj metapelites associated with jlyschoid sand­
stones 

Mylonite of grey metapelite from the Dobšinská Maša 
farmhouse west of Dobšiná (DMl; VS1 = 88125) indi­
cates LPO of quartz aggregates under gypsum plate. 
Asymmetry of quartzy layer demonstrates top-to-the-E 
shearing. The bulk fo liation of similar sample from 
Smrečinka hill (SMR12, VS1 = 320/65, top-to-the-ENE) 
is represented with planar orientation of quartz grains 
flattened in XZ plane with oblique undulose extinction, 
corresponding with syntethic shears. 

Mylonite of laminated green metapelite with younger 
contact metamorphic overprint (spotted shist), taken 
southwards of Hnilec village (PALl , VS1 = 50120) eon-
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tains boudinaged asymmetric quartz lamines. They dem­
onstrate top-to-the-ESE shearing, predating the contact 
metamorphism by Gemeric granite. 

Mylonite of non-laminated metapelite (20SLO, VS, = 
15135) exhibits extremely strong LPO of totally dynami­
cally recrystallized quartzy aggregates. Because of 
rheologically homogenous material without laminae, all 
strain was accommodated by quartz grains with origin of 
oblique foliation. 

Bulk foliation of pale-coloured mylonite (Perlova val­
ley, PEDl, VS,= 10/80) is formed by newly formed seric­
ite leaves. The undulose extinction of quartzy o-porfyro­
clasts indicate ambiguous vergency of transport to E and W. 

Mylonites of acid and intermediate pyroclastics and vol­
canoclastics 

Volcanoclastics are present in intercalations of lami­
nated flyschoid sandstones in the upper part of 
lithostratigraphic column of Hnilec Formation (interme­
diate rocks from the Korban altitude point west of 
Helcmanovce KORl, VS1 = 354/40 and KOR2, VS1 = 
1518, top-to-the-ENE; VSI eastward of Rejdová village, 
VS1 = 178125, top-to-the-ESE) . Acid volcanoclastics of 
Slovinky (ZN-2-SLO) demonstrate strong LPO and SPO 
in quartzy matrix without manifestations of static recrys­
tallization. Feldspars are deformed by twinning. 

Mylonite of coarse-grained volcanoclastics from 
Tokáreň mountain ridge (TOK9, VS, = 172/60, top-to­
the-W) demonstrates SPO (flattening) of quartz and feld­
spar grains and wide anastomosing foliation planes with 
white mica. 

Distinct asymmetric structures in mylonite of acid 
volcanoclastics with quartzy detrital bands and organic 
matter ("black porphyroid", Romanová valley to SW of 
Opátka village, RM2, VS, = 342/18) indicate top-to-the­
SSE sheari ng. 

Mylonites of green phyllites 

Mylonites of olive-green chloritic phyllites (VS6, the 
northern vicinity of the village Vyšná Slaná, VS1 = 
189/33) and SMRl, the peak of Smrečinka hill, VS, = 
285125; both top to the SSW; ČPSA , southward of 
Košická Belá village) contain in fine-grained Chl-Ser-Qtz 
matrix sporadical feldspar and quartz clasts (undulose 
extinction, recrystallization by GBM, deformation la­
mellae, subgrains, linear arrangement of fluid inclusions). 
Quartz clasts are dynamically recrysta llized, showing 
boudinage, intrafoliation folding and strain caps. 

In banded quartzy olive-green phyllite (Slovinky, 
SLVl, VS1 = 330/10, top-to-the-ESE) the phyllosilicate 
intercalations are transformed into bulk foliation. The 
intergranular spaces in quartzitic intercalations are filled 
with fibroidal fine-grained Qtz-Ser-Chl aggregate. 

Tectonites from (allochthonous) hanging wall of ductile 
shear zone 

For description of various types of mylonites in al­
lochthonous part of shear zone (rocks of Rakovec 
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Group), the different degrees of strain softening, relat­
ing mainly on protolith of mylonites, were used as a 
primary criterion. 

Phyllitic mylonites 

Sericite-chlorite phyllites (fine-grained aggregate Chi 
+ Qtz ± Ab ± Ser) represented the softest medium of 
Rakovec Group. The dynamic recrystallization by GBM 
of thin quartzy intercalations, or sporadical clasts, caused 
their boudinage resp. total reduction. Recrystallized mica 
aggregates were usually folded and in mylonite they were 
present in folíation and shear bands as well as in the axial 
plane cleavage of microfolds. The quartz-chlorite syn­
tectonic veins and younger pyritization and limonitization 
were also observed. 

Oblique foliation among C-planes in violet-green 
phyllite (typical facies from Rakovec zone; Dobšinská 
Maša farmhouse, DM3, VS1 = 160125) indicated top-to­
the-W tectonic displacement. 

The increasing degree of mylonitization of violet­
green phyllites caused, together with their microstructural 
rebuilding, also the change of their colour to yellow­
green. We explain this change by their total microstruc­
tural reworking with origin of very fine-grained aggregate 
Qtz-Chl-Phe-lll (e.g. lKRI northward from Hnilec, or 
GL2 northward from Gelnica, VS2 = 108176, top-to-the­
SE). The yellow-green phyllitic mylonites represent plas­
tic environment surrounding rigid blocks (e.g. basalts). 
The same mylonite type we have found also in the under­
lier of Carboniferous conglomerates of Rudňany Fm. of 
Dobšiná Group. 

Basalt pyrocklastics and volcanoclastics 

Mylonite of basalt volcanoclastics (Dobšinská Maša 
farmhouse, DM2, VS 1 = 130125) has numerous synthetic 
shears with newly formed white mica and chlorite indi­
cating top-to-the-E shearing. Twinned grains between 
individual synthetic shears demonstrate book-shelf slid­
ing. Decomposition of old plagioclases is accompanied 
with origin of epidote-zoisite and crystallization of albite. 

Plagioclases of protomylonite of basalt pyroclastics 
(Smrečinka elevation point, SMRS, VS, = 315112) are 
albitized, carbonatized and partly replaced by fine­
grained aggregates of clinozoisite. The newly formed 
actinolites are a syn-tectonic product. Part of o­
porphyroclasts indicated dispacement to NE, but younger 
tectonic overprint top-to-the SW was indicated by crys­
tallization of chlorite in synthetic shears and by deforma­
tion lamellae of plagioclases. 

Matrix of mylonite of basalt pyroclastics (Smrečinka 
elevation point, SMR8, VS1 = 337/80) consisting from 
ílattened Qtz + Ab grains with strong SPO, represent 
bulk continuous foliation. Moreover, the spaced folia­
tion by chloritic bands and boudinaged strips of newly 
grown carbonate have the same course. In described 
mylonite the top-to-the-ENE tectonic transport is indi­
cated by synthetic shears and plagioclase o-porphy­
roclasts as well as occasional book-shelf sliding of their 
fragments. 
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The protomylonite of basalt pyroclastics (northern 
surrounding of Švedlár village, ŠH2, VS, = 354/30) ex­
hibits strong LPO of quartzy intercalations by gypsum 
plate. Nearly half of quartz grains demonstrates undulose 
extinction and origin of subgrains. According to numer­
ous synthetic shears tectonic transport top-to-the-SSW 
has been distinguished. 

Lenses of carbonates with oblique twinning in mylo­
nite of basalt pyroclastics (to the north of Gelnica, GLt, 
S2 = 166/35) indicate vergence of shearing top-to-the-SE. 
Preferred orientation of anizometric minerals contributes 
to planar-linear setting (SL tectonite) of rock. 

Synmetarnorphic deformation (fluid driven deforma­
tion) of basalt pyroclastics Kl (eastern surrounding of 
Nižný Klátov village, S2 = 220120, top-to-the-SW) is 
documented with segmented plagioclases having albitized 
fractures. Spaced foliation is formed with chlorite and 
elongation of newly formed actinolites. 

Basalts 

Outcrop of basalts (Slovinky area, SLV3, S2 = 180/ 
45) without any tectonization represent a rigid block, 
flowing in plastic phyllitic environment. The calcite 
rhombohedrons are the main constituents of rock together 
with albitized plagioclase porphyroblasts and fine-grained 
aggregates of chlorite and epidote-zoisite with strips of 
ilmenite and sporadic clinozoisite. 

Discussion 

Variscan geodynamic evolution 

The origin of Rakovec geosuture of variegated 
lithological composition (being characterized below) is a 
product of Variscan evolution. The geosuture is divided 
from the Gelnica Group with ductile shear zone having 
moderate to medi um northern dip. Generally, the northern 
inclination of the rock boundaries in this zone was proved 
also by the results of geophysical measurements (cf. Gre­
cula a Kucharič, red ., 1992). Moreover, the presence of 
the rock boundary inclined northward was in this zone 
indicated by seismic profiles Gla/92, Glb/92 and G2/93 
(Vozár et al., 1998). The rnicrostructural investigation of 
mylonites from described boudary zone proved two prin­
cipal directions of tectonic transport - in autochthonous 
footwall of ductile shear zone, i.e. in the upper part of the 
Gelnica Group, the general vergency of tectonic transport 
to ESE prevaíled (black-white arrows in Fíg. 1). The al­
lochthonous hanging wall of ductile shear zone (tectonic 
mélange of Rakovec Group) indicated the transport di­
rections generally to south, but locally there was recorded 
also their large azimuthal spread (black arrows in Fíg. 1). 
Our findings prove the general southem-vergency of 
Variscan tectogenesis. The south-vergent structures are in 
Gemericum common, including fold structures of this 
orientation. 

From the evolutionary viewpoint the Lower Paleozoic 
rock sequences of Gemericum can be generally divided 
into two large groups: 

A. The Lower Paleozoic rocks of Gelnica Group in 
"cover" position on the rigid block of the older crystal-
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line block of "southern" Pan-African? provenience were 
in Upper Carboniferous deformed by generally south­
vergently displaced exhuming mélange. We do not sup­
pose the higher thickness of sediments of Gelnica Group 
in the pre-exhurnation era than 5 km. To this corre­
sponded the diagenesis in upper part of the rock píle of 
Gelnica Group and the greenschist facies in its lower 
part. 

B. Rocks of Rakovec group were dragged into various 
depths of subduction zone. The age of subduction­
exhumation processes (Devonian to Veslphalian) is sup­
posed. Dating of the upper tíme boundary is based only 
on the finding of the metamorphic pressure peak of 12 
kbars in a matrix of a part of sediments of the Rudňany 
Fm. (Radvanec, 1998). It indicates, that also part of 
Westphalian sediments was locally affected by metamor­
phism in subduction régime and consequently exhumed 
(cf. Chemenda et al., 1996, 1997). The Upper Devonian 
radiometric ages from the Klátov Group (cf. Cambel el 
al., 1990) which tectonometamorphism is given to rela­
tion to the early stages of subduction processes, indicate 
the lower tíme limit of subduction. The subduction slab 
was inclined northward below the rocks of recent Tatro­
Veporic terrane (Fíg. 3). The differential relative move­
ment of rocks occurred in the subduction slab. lnterpret­
ing the kinematics in a converging terrane we suppose, 
that deepest position in subduction zone was reached by 
rocks of the "northern near-Veporic" part of a Lower Pa­
leozoic basin, located to the north from the spreading 
zone. Incorporation of the núd-oceanic ridge into sub­
duction zone meant the beginning of subduction of the 
Gemeric - Rakovec (southern) part of the Lower Paleo­
zoic basin, while the source of the convectional heat was 
that tíme located below Veporicum and initiated the re­
verse rolling back of rock masses (occasionally also with 
the fragments of the mantle rocks) in subduction channel 
back to the surface. Approaching of crystalline rocks of 
(southern) basement, being present beneath the rocks of 
Gelnica Group, decelerated the subduclion. The collision 
caused the origin of a geosuture. In its recent erosion cut 
we can find: 

1. Former sediments and volcanic rocks of the 
Rakovec Group, in marginal parts of the basin occasion­
ally with preserved lithostratigraphy. Their low degree of 
metamorphism and tectonization was the result of their 
position in the northern lateral continuation of the Gel­
nica Group, as well as the minor incorporation to the sub­
duction zone. The transition between the Rakovec and 
Gelnica lithologies was documented already by Grecula 
(1970, 1982) and was Lhe reason for distinguishing of the 
uniform Volovec Group for the whole Lower Paleozoic 
rocks of Gemericum. The lithological transitions are ob­
servable in the area of Perlova dolina valley eatwards of 
Gelnica town. 

2. The subducted sediments and volcanites from the 
Rakovec Group, being exhumed from the deeper parts of 
the subduction zone. They are characteristic with higher 
tectonization. Metamorphism in the facies of actinolitic 
schists (e.g. in the strip south of the line Holý vrch hill 
(1016) and Suchinec (909) northward of Lacemberská 
dolina valley). 
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3. Former sediments and volcanites of Rakovec 
Group exhumed from deeper parts of the subduction 
zone. In the case of mafie rocks there were indications of 
higher-pressure metamorphism (Hovorka et al., 1988; 
Rakovec area). Radvanec (1999) found the mantle origin 
and ultra-high pressure metamorphism of a part of these 
rocks. "Floating" rigid blocks of mafie rocks in plastic 
mylonitic environment of green phyllites. [Among other 
indications we argue also with tectonometamorphic 
"transformation" of violet-green phyllitic facies inro my­
lonites oj co-called yellow-green phyllites in the wne 
between the altitude point Suchinec (909) and the 
Slovinky village northward oj Lacemberská dolina val­
leyj. 

4. Part of Westphalian rocks of the Rudňany and 
Zlatník Formations with the demonstrations of metamor­
phic recrystallization recenly outcropping in segments in 
the zone from Sykavka to the area of Závadka village as 
well as in surrounding of Rudňany village (cf. Radvanec, 
1998). A great deal of rocks from the Rudňany and Zlat­
ník Fms. does not exhibit the metamorphic recrystalliza­
tion because of their external sedimentation area 
regarding to subduction zone. They were not included 
into subduction process. [For example the preservation of 
intercalations of black schists with well-known biostra­
tigraphic occurrences in the area of Dobšina; review is 
presented by Vozárová and Vozár, 1988.J 

5. Rocks of Klátov Group with higher-temperature 
overprint probably represented the "near-Veporicum" part 
of subducted Lower Paleozoic basin with the original posi­
tion northward of spreading zone. [ Rocks of recent 
Rakovec Group, accepting this interpretation, represented 
the distant - opposite part oj the Lower Paleozoic basin, 
i.e. southward oj the spreading zone.J This forrner position 
of rocks of Klátov Group allows to suppose that they be­
long among the first rocks affected by tectonometamor­
phism in generating subduction zone at the beginning with 
unstable thermal regime (big dispersion of K-Ar tecto­
nometamorphic ages from amphibolites of Vyšný Klátov 
and Dobšiná areas with predominance of Upper Devonian 
ages; Cambel el al., 1990). By the same reason, the rocks 
of Klátov Group belonged among first exhumed rocks and 
served the clastogenic material for Carboniferous sedi­
ments ofČrmeľ Group, and mainly, to Rudňany conglom­
erates. The early exhumation of rocks ranked to Klátov 
Group, serving clastogenic material for sediments of Čr­
meľ Group in Eastem Gemericum, was sedimentologically 
proved by M. Grecula (1998, Fíg. 24 in 1.c.). 

The thickness of the rock column of Gelnica Group 
on its footwall icreased after exhumation (south-vergent 
overthrusting) of Rakovec Group rocks ( + Klátov Group 
and part of Westphalian) sedimenls. Thickness of the 
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allochthonous (exhumed) body probably did not over­
reach 1 km. Despite, in collided terrane we suppose a 
bigger thickness of hanging wall due to the partia! 
shifting of southern margin of converged basin (i.e. 
Gelnica Groupon ist former crystalline basemenl) into 
subduction slab, that caused the collisional ending of 
subduction-exhumation process. In collisional orogen 
there started the resetting of thermal régime and Lhe 
deeply intrenched isograds into the zone of subduction 
slab started to be straightened. 

The Permian period is therefore Lhe era of thermal ef­
fects, with high probability tied with the presence of 
elongated thermal source of convectional heat beneath the 
collided terrane in the North-Gemeric zone (closed 
Rakovec basin with geosuture and mutually_ approached 
margins of the former basin, that is "Veporic" rocks in 
hanging wall and Gelnica Group rocks in footwall). The 
linear thermal source beneath the collided terrane repre­
sent the same heat source which primarily caused in Or­
dovician-Devonian spreading and divergence in the 
Lower Paleozoic basin. lts position beneath the collided 
terrane is a result of convergence and later subduction of 
former spreading zone. Jt is hardly expectable Lhat lithos­
pheric displacement above this thermal source could lo­
cate it to the opposite ("northern") side of subduction 
slab. The position of thermal axis results also from the 
reconstruction of the Western Carpathian Permian sedi­
mentary basin and magmatic trends in this time period 
(cf. Vozárová a Vozár, 1987). 

The increased thermal llow caused, besides other 
things, the thermal erosion of lithospheric slab beneath 
Gelnica Group as well as the higher-grade metamorphism 
of the rock sequences of the Gelnica Group. These were 
in previous evolution protected agaínst the income of heat 
(from the tíme of their primary sedimentaion they were 
localized "southward" of the spreading zone, that is be­
sides the axis of convectional heat) . We suppose, that 
thermal processes in collisional orogene in this interna] 
part of the Western Carpathians were sufficient for in­
crease of thermal gradient and served enough heat for 
higher-temperature metamorphism, origin of Gemeric 
granites and metallogenic processes. 

During later Permian evolution of the terrane of Inner 
Western Carpalhians the trend of former convergence 
was probably preserved and the northward relative 
movemenl of Ii thospheric plate continued. This is the 
reason, why the continual shifting of the conveclional 
heat axis to innermost zanes of Gemericum (southward) 
is supposed. In the Gemeric region it was confirmed by 
younging of Gemeric granite from the north southwards 
[Hnilec - 290 Ma (Kovach et al., 1986) and 282 Ma 
(Cambel et al., 1989); Betliar 272 Ma; Hume! 270 and 

Fig. 3. Interpreta/ion oj the geodynamics oj lnner Western Carpathians. GE - Gelnica Group, RA - Rakovec Group, Kl - Klátov 
Group, C - Carboniferous rock.s, P - Permian rocks. White arrows - direction oj convergence, resp. divergence, black undulating 
arrows - axis of convective heat, black straight arrows - relative migration oj collided terrane with respect oj axis oj convective heat. 
1 - black phyl/ites oj Betliar Fm., 2 - green phyllites of Smolník Fm., 3 - flysch - lower bed - in Smolník Fm., upper bed - the supreme 
par/s of Hnilec Fm., 4 - intermediate and acid volcanoclastics of Hnilec Fm., 5 - effusive and extrusive products oj basalt volcanism, 
locally with accompanying rock.s. 6 - clastics o/ Rudňany Fm. and /urther Carboniferous and Permian c/aslics, 7 - e.flusive and ex­
trusive products oj basalt volcanism of Mesozaic evolution, locally with accompanying rocks. 
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246 Ma; Zlatá Idka 251 and 223 Ma (Kovach et al., 
1986)] . The similar effect is indicated also by the pres­
ence of best developed siderite-sulphidic veins directly in 
the North-Gemeric zone. These veins penetrate the suture 
zone often through the bondary zone of Gelnica Group, 
Rakovec Group, Carboniferous formations and Permian). 
Towards the south the vein parameters became worst. 
Conductive overheating of the Lower Paleowic rocks of 
Gemericum (Gelnica Group) was the most intensive in its 
lowermost horiwns built up with the Betliar Fm., Holec 
Beds and the Lower variegated volcanic horiwn. These 
served as the metal source for originating fluids entering 
in.to extensional structures above ( detail aspects oj this 
metallogenic process are stated in works by Radvanec, 
1987 and Grecula et al., 1991 ). The "cover" position of 
rocks of Betliar Formation on rigid crystalline basement 
and beneath the soft overlier of the Gelnica Group pro­
tected them against tectonizalion in previous process oj 
exhumation and south-vergent thrusting of Rakovec 
Group. In Permian era before the generation of ore veins 
started, the rocks of Betliar Fm. had been in the same 
deposition Like during the sedimentation in Ordovician­
Silurian era, that is, they were not affected by Pre­
Permian orogenesis. Alt Pre-Permian ( south-vergent) 
tectogenesis was accommodated by overlying Smolník 
and Hnilec Formations (Fig. 3) 

Alpine geodynamic evolution 

The effects of Permian extension in Gemeric terrane, 
owing to the displacement of lithosphere above the axis 
of convectional heat, were gradually shifted from the 
north southwards. This is the reason why we suppose in 
Triassic-Jurassic era the slowing down the sedimentation 
in the North-Gemeric zone, and, on the contrary, the new 
spreading activity is supposed to slart in the zone of the 
South Gemericum. The extension in the southem zone 
caused gradual disintegration of the continental crust and 
origin of the elongated Meliata-Hallstatt basin. The relicts 
of the former basin after its clossure are represented by 
obducted marginal sequences of the Meliata basin, the 
Bôrka nappe (cf. Németh, 1996, Fig. 4 íbid.) and origin 
of geosuture in the Rožňava discontinuity zone, being 
indicated also by magnetoteluric proti Ie of Pawli szyn 
(1978) in Grecula et al. (1995). 

Later Alpine evolution after Upper Jurassic? conver­
gence has been divided into four deformation phases: 

Deformation phase AD 1 is tightly related to the clo­
sure of Meliata-Hallstatt basin with following succession 
of events: Closure of the basin and transport of the Bôrka 
nappe on Gemericum. Ongoing convergence caused not 
only the north-vergent imbrication of Lower Paleozoic 
rocks of former Variscan collisional Lerrane, bul the 
Lower Cretaceous displacement of several kilometers 
thick rock píle of Gemericum northward on Veporicum. 
This process of detachment was allowed by the rheologi­
cally contrast horizon of the black schists of Betliar Fm. 
(Németh et al., 2001a), dividing rigid crystalline base­
ment from the rocks of Gelnica Group. 

We suppose that a part of former Betliar Formation 
(incl . Holec Beds) remained cut in its homeland. The 
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north-vergent imbrication in low-temperature brittle­
ductile and brittle regime caused multiple repeating the 
Early Paleozoic lithology of Gemericum. Next conse­
quence of north-vergent overthrust setting (indicated by 
white arrows in Fig. 1) was also the recent picture of 
distribution of zonality of Variscan metamorphism in 
Gemericum (cf. Radvanec, 1989, 1992; Faryad, 1991a, 
b, c) . The overthrust setting destructed also the courses 
of Late-Variscan/Early-Alpine ore veins (cf. numerous 
examples in Grecula et al., 1990b, 1995; Grecula, 
1982). 

The Alpine Lower Cretaceous nappe displacement on 
Veporicum during AD 1 (Fig. 1) caused: 

1. Truncation of northem depth continuation of 
Rakovec geosuture, and "retraction" of its lower parts be­
low Gemericum. This "bended" course of depth continua­
tion of fiat body of heavy material was indicated also by 
the complex geological-geophysical profiles of the Project 
SGR-geophysics (Grecula and Kucharič, eds., 1992). 

2. Thrusting of North-Gemeric zone on "Veporic 
ramp" caused elevation uplift ("vent") of this area in 
frontal parts of the nappe, its disintegration and later ero­
sive removal of cover carbonates of the Stratená Group. 

The Alpine nappe-overthrust píling of crustal material 
(the basement nappe) caused thickening of continental 
crust in the Western Carpatians and in Middle Cretaceous 
the unroofing of Veporic basement during phase AD2 

(Fig. 1 upper left and right). 
Deformation phase AD3 with the origin of conjugate 

systems of brittle-ductile and brittle shear zones of NW­
SE and NE-SW trends (cf. Grecula et al., 1990a; Németh 
et al., 1997) caused are bending of Gemericum, as well as 
the Lubeník-Margecany line, and sensu lato also of Lhe 
whole Western Carpathians (Németh et al., 2001b). 

Deformation phase AD4 is a gradual continuation of 
AD3• It reflects an orogen parallel extension in east-west 
direction. The crustal indentor for the whole Western 
Carpathians was directed northward to the South­
Gemeric zone. The brittle deformation during AD4 takes 
place in shallow crustal levels and prevailing structures 
are those of pure-shear (faults, joints). 

Conclusions 

Defining of Variscan geosuture in the North-Gemeric 
zone and microstructural proof of kinematics of repre­
senlative rock types in the Gelnica and Rakovec Groups 
led to suggestion of modified model of Variscan tectonic 
evolulion of Gemericum together wilh new interpretation 
of ore-veins generation. 

We suppose, that thermal processes in collisional oro­
gen in this interna! part of Western Carpathians were suf­
ficient for increase of temperature gradient, and served 
sufficient heat for higher-temperature metamorphism, 
origin of Gemeric granites as well as metallogenic proc­
esses in Permian era. 

Conductive overheating of Lower Paleozoic rocks of 
Gemericum (Gelnica Group) was the most intensive in its 
lowermost horizons, built up by the Betliar Fm., Holec 
Beds and the Lower variegated volcanic horizon. Their 
position on rigid crystalline basement and beneath the 
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cover of overlying rocks of Gelnica Group protected 
them against tectonization during exhumation and south­
vergent overthrusting of rocks of Rakovec Group. The 
rocks of Betliar Fm., Holec Beds and Lower variegated 
volcanic horizon served as the metal sources for generat­
ing of fluids (cf. Radvanec, 1987; Grecula et al., 1991). 
Fluids entered into originating extensional structures in 
overlying rock sequences. 

The Cretaceous Alpine tectonics destructed former 
Variscan structures. 

Geodynamics of Inner Western Carpathians from the 
beginning of Ordovician riftogenesis till Mesozoic is in­
terpreted as the product of the thermal flow of the same 
convective heat. The divergence, resp. the changes of 
kinematics of crustal segments were caused by changes 
of mutual position of overlying crustal segments regard­
ing the convective heat. 
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Abstract: In the eastern part of the Danube basi n the Middle-Miocene filling of the želiezovce Depression, 
Oligocene deposits and pre-Tertiary basement composed of metamorph ic carbonates were drilled through by 
a geothermal borehole HGŽ-3 near vi llage želiezovce. The basement of the Neogene filling is composed of 
Lower Badenian deposits (conglomerates, coarse grained sandstones, sand y claystones), which are repre­
sented by the Baj tava Formation. They are overlain by deposits (epiclastic sandstones with intercalations of 
tuffites, sandy tuffitic clays, claystones with silty admi xture, siltstones) of the Pozba Formation of Middle to 
Later Badenian age. Above them there were recognized beds of sandy deposits of the Vráble Formation of 
Sarmatian age. The above mentioned li thostratigraphic units were defined on the basi s of rock lithology and 
biostratígraphic classificatíon of the deposits according to present molluscs, foraminifers, ostracods and cal­
careous nannoplankton. The study of sporomorph revealed that during the Middle to Later Badenian there 
was warm and humid climate characteri stic by the presence of hydrophilous vegetation. The presence of 
swampy vegetat ion is characteristic fo r the period of the Early Sarmatian. 

Key words: Danube basinm„želiezovce Depression, pre-Tertiary basement, Oligocene sediments, Neogene 
sediments, grain size analysis, fauna. tlora, biostratigraphy 

Introduction 

At the end of 80s of the 20th century in želiezovce 
town the geothermal borehole HGŽ-3 (Bondarenková et 
al., 1990) was drilled . It was located at the eastern edge 
of the town, in the vicinity of the Hron river (Fíg. 1). It 
was a regulas core borehole and ran through the Middle 
Miocene and Oligocene deposits and reached the pre­
Tertiary basement. 

With respect to the regional geological divi sion the 
borehole HGŽ-3 is located the Trnava - Dubnfk Depres­
sion, which is a partia] depression of the Danube Basin . 
Within this partial depression the borehole is located in 
the želiezovce Depression (Yass et al., 1988). 

Grain size analyses were carried out on the sedimen­
tary material from the borehole. Molluscs, foraminifers , 
ostracods, otoliths, palynomorphs and calcareous nano­
plankton were studied from the found fossil remnants. 
Based on the study of the mentioned fossi l groups the 
sediments from the borehole HGŽ-3 were stratigraphi­
cally classified. 

In the area of the žetiezovce Depression there are 
three Badenian faciestratotypes and one Sarmatian facie­
stratotype. 

Borehole ŠO-1 is a faciestratotype of the Lower Ba­
denian, it was drilled near the village Chľaba (Lehotay­
ová & Ondrejičková, 1972; Ondreji čková, 1978), bore­
hole K-5 is a faciestratotype of the Lower and Middle 
Badenian located near the village Salka (Brestenská, 
1978a; Gabčo, 1965; Lehotayová, 1966; Planderová, 1966, 

Fig. I Localiwtion of the borehole HGŽ-3► 
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1966; Vass, 1964; 1966; Vass & Gabčo, 1966), borehole 
Žl-2 is a faciestratotype of the Middle and Upper Bade­
nian, which was located near the village Lontov (Bresten­
ská, 1978b; Ivan, 1960; Mišík, 1958; Planderová, 1965a; 
Tejkal, 1968). 

Borehole ŽG-1 is a faciestratotype of Sarmatian de­
posits. It is located near the village Hontianska Vrbica 
(Brestenská, 1974; Gabčo, 1969; Planderová, 1965b; 
Sitár, 1965; 1967; Švagrovský, 1965) (Fig. 2). 

Beside the mentioned faciestratotypes a lso deep struc­
tural borehole ŠV-8 was sunly in vicinity of the borehole 
HGŽ-3 southward of the village Dolné Semerovce. The 
borehole was drilled through Neogene strata and it 
achieved the pre-Tertiary basement (Vass et al., 1981) 
(Fig. 2, 3). 

By interpretation of the deposits from the borehole 
HGŽ-3 new information about rock composition and 
stratigraphy of the eastern part of the Danube basin 
(Želiezovce Depression) were obtained. 

Review of geology of the Želiezovce depression 

In the vicinity of borehole HGŽ-3 located in the 
želiezovce Depression there are Sarmatian deposits out­
cropping, which are classified into so-called delta sedi­
mentation (Nagy et al., 1998). In broader vicinity of the 
borehole south- and eastward there are also deposits of 
Badenian age (Fig. 2). 

The oldest Neogene deposits of the želiezovce De­
pression are of Lower Badenian age. They are repre­
sented by Turovce Member, what are pre-transgression 
deposits formed probably in near-shore delta environment 
(Marková in Vass et al., 1981 ). The mentioned deposits 
pass into marine deposits of the Bajtava Formation. In the 
lower part of the format ion there are conglomerates, epi­
clastic volcanic sandstones and epic lastic volcanic clay­
stones with layers of algal limestones representing 
peripheral deposits of the Borzony stratovolcano. Toward 
the overlying beds these deposits pass into basin facies 
composed of gray slacking calcareous siltstones and clay­
stones with shaly disintegration. The mentioned lutaceous 
deposits were deposited on circalíttoral open shelf plain 
(Seneš & Ondrejičková, 1991 ). They are overlain by the 
Pozba Formation, which includes deposits of Middle to 
Upper Badenian age in sense of Kováč and Hók (in Hók 
et al. 1999). They are represented by epiclastic volcanic 
sandstones, gray calcareous clays with layers of fine- and 
medium grained sands, sandstones and in the marginal 
part organogenic sandy límestones (Nagy et al., 1998; 
Vaškovský et al. , 1982). 

The Sarmatian deposits from the vicinity of the village 
želíezovce are characterized by the presence of coarse­
detrital volcanic sedimentary rock of Baďany Formation 
and so-called delta sedimenlation (Nagy et al., 1998), 
which southward are fining and pass into sandstones and 
calcareous lutaceous rocks of the Vráble Formation. 
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Eastward of the village želíezovce the deposits over­
lying the Sarmatian (sands, c lays, occasionally lignites) 
of Pannonian to Pontian age are found (Jifíček, 1982). 
They are represented by Ivan ka and Beladice Formations 
(in sense of Fordinál et al., 200 l ). 

Evaluation of the borehole HGŽ-3 

The borehole HGŽ-3 penetrated through the complete 
Neogene sedimentary filling of the eastern part oť the 
želiezovce Depression resting on Paleogene (O ligocene) 
deposits. The borehole was finished in carbonate rocks of 
the pre-Tertiary basement. 

Pre-Tertiary basement 

The pre-Tertiary basement was reached in the deplh 
interval 895,0-916.0 m. lt consists of dark-gray slightly 
metamorphosed carbonate rocks with indistinct tectonic 
deformations which are manifested in the form of partly 
oversl id and directed foliation planes. According to semi­
quantitative analysis the groundmass is composed of Ca­
Mg carbonate (Ca oxide 98.89 %, Mg oxide 30.69 % ) 
with insignificant content of Fe (Fe oxide 0.41 %). The 
cement is almost exclusively formed by Ca (Ca oxide 
93 .53 %) with little content of Fe (Fe oxide 1.47 %). ln­
distinct zonali ty that can be seen in the measured sample 
is probably the result of changes in pigmentatnion. A sig­
nificant content of grains of pyrite reaching size from 
tenths of µm to 5 µm is present in the whole sample. The 
white veins are formed by crystalline CaCO3• 

The rocks, according to division of pre-Tertiary 
basernent of the Danube Basin belong to the cover of the 
Southern Veporicurn, in the sense of Vozár (in Matura et 
al., 2000). 

Sedimentary .filling 

Paleogene (Oligocene) 

Above metarnorphic Mesozoic limestones in depth in­
terval of 854.2 - 895 .0 m there are firrn gray organodetri­
cal lirnestones to calcareous sandstones with clayey 
admixture and sporadical well rounded quartz pebbles. 
They are rich in fossil remnants. A sample frorn a depth 
854.8-856.0 rn (Fig. 4a, b) is composed of foraminifer­
bryozoan microfacies. The basic (originally most likely 
mierite) is more or less re-crystallized. There is abundant 
re-crystallized detritus in it. The organic remnants are 
represented by common larger foraminifers , rare plank­
tonic and thick-walled benthonic forarninifers, bryozoans 
or their fragments (sorne of them belong to rudite fraction 
by size), fragments of echinoderms, thick-walled bi­
va lves, and coralinne algae. Mineral admix ture is repre­
sented by quartz (occasionally with undulose extinction), 
pyrite, micas, and unidentified heavy mineral. There were 

Fig. 2 Schematic map of eastem pan of Ž-eliezovce Depression with localization o.ffaciestratotypefacies boreholes and borehole ŠV-8. 
Quaternary: f - fluvial deposits 2 - eolian deposits, Neogene: 3 - Sarmatian deposits (Vráble and Ladze Formalions, Baďany For­
mation - "delta sedimentation") 4 Badenian deposits (Bajtava and Pozba Formations, Sebechleby Fonnation) 5 - volcanoclastics 
( Lower Badenian), 6 - pyroxene - amphibolic andesites, 7 - faults proved, as.rnmed, 8 - borehole. 
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Neogene: I - clays, c/aystones, siltstones, 2 - c/aystones with silty admixtures, 3 - sandy clays, 4 - sands, sandstones, 5 - grave/s, con­
glomerates, 6 - breccias. 7 - limestones, 8- diatomite, 9- lígnite, IO- epiclastíc volcaníc claysrones. l l - redeposired pyroclastics, 12 
- epic/asric volcanic sandstones, J 3 - epiclastic grave/s with volcanic and non-volcanic material, 14 - epiclastíc volcanic conglomer­
ates. Paleogene: 15 -organodetrical limestones, Mesozoic: 16- metamorphosed carbonates, 17 - occurrences of díatomaceous tests 

Fíg. 4 Organodetrica/ Pa/eogene (Egerian ?) limestone; 
a - borehole corefrom depth 854.8- 855.0 m; 

b - mícrophoto /rom the above mentioned core (dímensíons of 
rhe thin sectíon are 19.0 x 25.2 mm) 

identified planktonic foraminifers of the genus Clobig­
erina sp. and benthonic foraminifers Planoperculina 
complanata ( D EFRANCE) and Heterostegina sp., which 
point to Oligocene, most likely Egerian age (determined 
by RNDr. E. Kohler, DrSc.). The occurrence of similar 
rocks is not known in the nearby vicinity and according 
to available information they do not také part are not in 
the complex of Štúrovo type Paleogene. Rocks of equal 
character and age were described as the Budikovany 
Member in the depressions of Lučenská kotlina and Ri­
mavská kotlina (Vass, Elečko et al., J 989; 1992). 

Neogene 

The oldest Neogene deposits are located in depth in­
terval 770.5 - 854.2 m. They are represented by the Baj­
tava Formation of Lower Badenian age. At the base of the 
formation there are conglomerates and coarse-grained 
sandstones, which are copying to carbonate rocks of the 
pre-Tertiary basement in their matter composition and 
they gradually pass into sandy claystones (Bondarenková 
et al., 1990). 

Beds overlying the Bajtava Formation located in the 
depth interval 572.5 - 770.5 m are of Middle Badenian 
age. They consi st of epiclastic sandstones, occasionally 
with intermediate layers of tuffites and sandy tuffaceous 
clays, and in the interval 480.0 - 572.5 of claystones with 
variable content of silty admixture. 

The deposits of Middle-Badenian age pass wi thout 
noticeable break to deposits of the Upper Badenian, 
which are located in depth interval 200.0 - 480.0 m. 
They consist of sandy clays and silts. The deposits of the 
Middle and Upper Badenian are part of the Pozba Forma­
tion in sense of Kováč and Hók (in Hók et al. , 1999). 

The deposits of the Pozba Formation are covered by 
deposits of the Sarmatian Vráble Formation occurring in 
depth interval IO.O - 200.0 m. The base part ( 148.0 -
200.0 m) consists of sandy clays and silts with occasional 
intermediate layers of sands. In the middle part (90.0 -
148.0 m) sandstones are prevailing and the termína! part 
of the Vráble Formation ( 1 O.O - 90.0 m) is formed by 
alternating clays, sandy ,rJays and sandstones (Bon­
darenková et al., 1990). 

The deposits were sa1,ľ ·~ed for grain size analyses. The 
samples were taken from d~pth interval 50.2 - 552.3 m. 

The samples from deeper intervals of the borehole 
HGŽ-3 are represented by coarse-grained si lts . Upward 
the fractions become coarser-grained and passe to fine-
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Tab. I Values oj grain size parameters ojsedimentsjrom the borehole HGŽ-3 according IO Folka and Ward ( 1957) 

Depth Md (fí) Md Mz (fí) So (fí) Sk (fí) Characterization 
(m) F/W (mm) F/W F/W F/W 

KgF/W 
of sediments 

50,2 - 50,3 2 903 0,027 3 562 1 856 0,524 l 061 very fine sand 

56,7 - 56,8 3 641 0,018 3 966 1 114 0,330 1 127 very fine sand 

151 ,7-152,0 3 591 0,031 3 813 1 292 0,345 1 727 very fine sand 

155.0-155,3 4 466 0,0096 4 217 2 451 -0, 116 0,683 coarse silt 

253 ,5-253-6 3 763 0,023 4 160 1 577 0,366 1 412 coarse silt 

350,2-350,3 2 599 0,13 2 735 J 602 0,159 l 429 very fine sand 

355,8-355,9 5 048 0,0058 5 254 1 906 0,053 1 043 coarse silt 

454,4-454,6 5 262 0,0041 5 458 l 701 0.126 0,859 medium silt 

552,2-552,3 4 921 0,007 4 899 2 173 -0,074 0,905 coarse si lt 

Md - mediall , Mz - average grain size, So - sorting coefficient, Sk- asym,netry value, Kg - kurtosis value. 

,-
1 
1 

1 

1 

1 

1 

1 
1 
1 
1 

~---------··---------- ----

Fíg. 5 Changes oj grain size parameter va/ues in the borehole 
HGŽ-3. Mz - average grain size, Md - median, So-sorting coef 
ficient. Sk - asymmetry value. Kg-kurrosis value 
x-axis represents depth: I - 50.2-50.3 m, 2 - 56.7-56.8 m, 3 -
151.7-152.0 n~ 4 - 155.0-155.3 m, 5 - 253.5-253.6 m 6 - 350.2-
350.3 m 7 - 355.8-355.9 m, 8 - 454.4-454.6 m. 9 - 552.2-552.3 m 

grained sand, what generally suggests negatíve graded 
bedding of deposits (Fig. 5). 

Grain size analysis (Tab. l) of the deposits revealed 
that the average grain size (Mz) ranges from 2.735 (for 
fine-grained sand) to 5.458 (for medium-grained silt). 
According to Folk-Ward classification ( 1957) the sands 
and silts are slightly to weakly sorted and the sorting co­
efficient ranges l . l 14 - 2.451 . 

The asymmetry of the cumulative grain size curve in­
dicates either prevalence of fine-grained (positive values) 
or prevalence of coarse-grained fraction in the deposit. 
The asymmetry values (Sk) of the cumulative curve of 
the borehole HGŽ-3 are positive or near to zero in most 
samples, what suggests that the deposits contain a greater 
portion of finer-grained fraction and coarser particles are 
scattered in various grain size fractions. Two samples 
have negatíve values, they contain greater portion of 
coarser-grained fraction, what is also reflected by their 
very poor sorting. 

The kurtosis values (Kg) suggest more on platykurtic 
(fiat), less on very leptokuritc (steep) shapes of the cumu­
lative curve, characterizing prevalence of fine-grained 
particles in the deposits. 

The median (Md) ranges from 0 .0041 to 0.13 mm and 
its values vary in the profile and at the same Lime increase 
toward the overlying part due to increasing portion of 
coarser grains, and so indicate a negatíve graded bedding. 

Fauna 

Mollusca 

The borehole has poor content of molluscan fauna. 
The following fauna was identified : bivalves Cardium sp. 
(55.4 - 55.5 m; 152.8 - I 53.0 m; I 54.0 - 154.1 m; 154.l 
- I 54.5 m) , Ervilia sp. ( 154. l - 154.5 m), Musculus sar­
maticus (GATUJEV) (152.8 - 153 .0 m), and gastropods of 
Mohrenstemia genus (152.8 - 153.0 m). 

The presence of gastropods of Mohrenstemia genus 
in depth 152.8 - 153.0 m enables to classify the fossil­
bearing deposit among to the so-called Rissoa beds of the 
Lower Sarmatian (Papp, I 954) . 

Foraminifera 
(Phototable I to III) 

In the deposits of the borehole HGŽ-3 there was found 
relatively a rich association of foraminifers (Tab. 2). 

In depth interval 20.0 - 55. l m there were found sili­
ceous and calcareous spicules of sponges (axis less, one 
and more axes) and re-deposited foraminifers from older 
Neogene stages. 

A Lower Sarmatian micro-association with dominance 
of elfidia, however without typical form Elphidium regi­
num (ORB.), was found in depth 150.4 - 155.5 m. There 
are present Elphidium flexuosum Jlexuosum (ORB.), E. 
rugosum (ORB.), Bolivina sarmatica DIDK. , "Cibicides 
badenensis" (ORB.), Lobatula lobatula (W.- J.), Ammonia 
beccarii (L.), for example The foraminifers are associated 
with centric, especially pyritizated diatoms. 

In certain parts of the interval 250.4 - 457 .6 m there 
is dominance of Bolivina-Bulimi na association of forami­
nifers, which is typical for the Upper Badenian with 
occurrence of species Bulimina elongata elongata ORB ., 
Valvulineria complanata (ORB.), Bolivina dilatata dila­
tata Rss., Caucasina schischkinskayae (SAMOILOV A), 
Bolivina dilatata maxima C.-Z., Fursenkoina acuta 
(ORB.), Praeglobobulimina pupoides (ORB.), Prae­
globobulimina ovula (ORB.), Bulimina elongata longa 
(VENGL.), Bolivina hebes MACF., Bolivina kodymi C.­
z., Bolivina pokornyi pokomyi C.- Z., Globigerina druryi 
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Elohidi11111 moce/111111 <F. -M.l X X " X X X 

E/phid/11111 obru.\'11111 (Orb.) X X X X 
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Tab. 2 (continuation) 

l 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16 

Elohidi11111 m Rns11111 (Orb.) X X " X X X X X 

Fiss11ri11a so. X X 

Frn11dic11larfrr sp. X 

F11ru 11koi11a nc111a (Orb.) X X X 

Globi11eri11a nff. aoert11ra Cush. 

GlobiRuinn aoer111ra Cush. X 

G/obi11eri11a b11/loides Blow X X X X X 

GlobiJ! t ri11a co11cim1n Rss. X X X 

Globi_~eriun dio/oswma Rss. 

G/obiJ1tri11t1 dr11n ·i Akers 

G/obiJ1eri11n 11eoenrhes Todd 
G/obigeri11a oraeb11/loides Blow X X 

G/obiuri11t1 <111i11q11elobt1 Nntlnnd 

Globi11ui11a re1111/nris Orb. 
Globi11tri11t1 so. X X 

G/obi1:ui11n tnrchnnensis Subb.- Chutz. X 

Globiurint lla obesn (Bolli) X X X 

Globi11ui11el/a re1111/ari.ľ (Orb.) 
G/abú!trinoides mmdrilobt1111s (Orb.) 
GlobiKtrinoides sp. 
G/obi,uriuoides s11bsncmlifer Cita - Pre inoli-Silva - Rossi 
'Globi11ui11oides trilob11 .ľ (Rss.) X X X X 

Globommdri11t1 a/tspira (Cush.-Jarvis) 
G/ohnn11adritw lar111e111i Akcrs 
Globoratalin bvkovne bvkome (Aiscnstntl 
Globorotnlia sp. X 

Gnttulina comm1111is Orb. 
Ha11.m 1isca salda11ii (Orb.) X 

Hm1tmmin bo11M11a (Orb.) X X 

Hap/ap/r ragmoides l'tlsŕceki vnsiaki C.- Z. 
Hnolavhra.~moides ex i:r. msireki C.-Z. X 

Hap/ophragmoide.ľ so. 

Hetuoleoa d111emolei (Orb,) X 

w 11erw aťllticosm Rss. X 

ÚIJ!t 11a hisoida Rss. X 

le111ic11/i11a c11/trata (Montf.) 

le11ticu/i11t1 SD. 

Lobat11/n /oba111/a (W.- J.) X X X 

Mtltmis 00111oili11ides (F.-M. ) 
Nodosarin sp. 
No11io11 co1111111111t (Orb.) X X X X X 

Nonirm sp. X 

Orb11/i11a s11111ra /is Brocnn. X 

Pappi11a bmw11it 11sis m 11wro.ut1 (Cush.) X 

Pnooi11n bo11011it11sis pri111ifor111is (P.-T.) X 

Parmdoborotalia'! mnreri (Cush.-EII .) X 

Plecrofro11dic11/aria di/l italis (Neu Reb.) X 

Prae.elobob11/i111i1w ,,.,,,1,, (Orb.) X X 

Prt1t J!lobob11/i111i11a vuooides (Orb.) X 

Prt1eJ,!lobob11/i111i11a p,•mla (Orb.) X 
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AKERS, Valvulineria marmaroschensis PtSHV. , Boli­
vina dilatata brevis C.-Z., Bulimina insignis 
LUCZKOWSKA. 

In depth 551.4 m the calcareous plankton is rep­
resented by Globigerina nepenthes TODD, limited to 
the Middle Badenian (Wieliczkan) and the calcare­
ous benthos is represented by Uvigerina aculeata 
orbignyana CZJZ . 

In depth 801.5 - 801.6 m Praeorbulina glome­
rosa (BLOW) was determined in the centra) 
Paratethys, which was extended only in the lower 
part of the Lower Badenian (Moravian) and in depth 
852.6 - 852.8 m Uvigerina macrocarinata P.-T., the 
range of which in the central Paratethys is limited to 
the Lower Badenian only. 

In depth 453.3 m the planktonic constituent has 
98 % abundance in the microfauna, what suggests 
very good communication between deposition the 
sedimentation area basin and open sea. 

Ostracods 
(Phototab IJJ, fig. 1) 

Only scattered ostracod shells were identified in 
the borehole sediments. Cytheridea hungarica 
ZÁLANYI (154.0 m; 154.5 - 155.0 m) and Henry­
howella asperrima (REUSS) (551.4 - 551 .5 m) . 

The presence of species Cytheridea hungarica 
ZÁLANYI indicates the Lower Sarmatian age of the 
deposits (biozone Cytheridea hungarica - Aurila me­
hesi, Zelenka, 1990) and the species Henryhowella 
asperrima (REUSS) on Karpathian to Badenian age 
(Brestenská & Jii'íček, 1978). 

Calcareous nannoplankton 
(Phototable IV) 

In the deposits of the borehole HGŽ-3 there 
were determined association of calcareous nanno­
plankton, which are characteristic by poor preserva­
tion and content of redeposited species (of Upper 
Cretaceous, mainly Eocene age). The Miocene 
forms are rare, however, their redeposition into 
younger Miocene deposits was established (for ex­
ample Sphenolithus heteromorphus DEFLANDRE in 
depth 250.5 - 250.6 m, Cyclicargolithus floridanus 
(ROTH & HAY) BUKRY in depth 52.5 - 52.6m, Heli­
cosphaera waltrans THEODORIDIS in depth inter­
val 154.6 - 154.7 m). In the samples from this 
borehole there was observed the presence of abun­
dant diatoms and silicisponges (Tab. 3). 

The individual positive samples can be evaluated 
as follows : 

In sample from depth 52.5 - 52.6 m there was 
found a mixture of poorly preserved nannofossil s. 
There were determined redeposited specimens of Eo­
cene? - Miocene age. 

The deposit from depth interval 154.6 - 154. 7 m 
contains calcareous nannofossil s occurring in Eo­
cene and Lower Miocene horizons. Only one etched 
specimen of Discoaster sp. (resembling Discoaster 
bollii BRAMLETIE & MARTINI) was found . 
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T he deposit is rich in diatoms and silicisponges. The 
sa mple from the depth interval 250.5 - 250.6 rn is the In 
the sarnples from the depth 250.5 - 250.6 rn and 251 .8 rn, 

Tab. 3 Occurrence of calcareous nannoplankton in ho rehole HGŽ-3 

Calcareous nannofossils 

Braarudusphaera bígelowí (Gran & Braarud) Deflandre 

Calcídi.\'ľus /eptoporus (Murray&Blackmann) Loebli ch & Taooan 

Coccolíthus miovelaKícus Bukry 
Coccolíthus pe/agicus (Wallich) Schiller 

Coccolithus sp. 

CvclícarKolithus /lorida11us· (Roth & Hav) Bukry 

Umbilicosphaera rotu/a (Karnptner) Varol 

Dicryucoccítes bisectus (Hay, Moh ler & Wade) Bukry & Percival 

Discoaster deflandrei Brarnlette & Riedel 

Discoaster sp. 

Helicosphaera obliqua Bramlette & Wilcoxon 

H. scissura Milier 

Helicosphaera carteri (Wallich) Karnptner 

Helicosphaera waltrans Theodoridis 

?Litostromation perdurum Detlandre 

Micrantholithus vesper Detlandre 

Pontosvhaera mu/tipora (Karnptner) Ro th 

Pontosphaera sp. 

Reticulofenestra pseudoumbilicus (Gartner) Gartner 

Reticulofenestra sp. 

Sphenolirhus abies Detlandre 

S. hetemmorphus heteromorphus Detlandre 

Slovak Geol. Mag., 8, 3- 4(2002), 259- 281 

254.8 m there were deterrnined nannofoss ils of Upper 
Cretaceous, Eocene and Lower Badenian age - Helico­
sphaera waltrans THEODORIDIS (NN5), Sphenolithus 
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Sphe110/ith11s moriformis (Brónn iman n & Stradner) Bram lette & Wil-
coxon X X X X X X X X X 

Svracosphaera vulchra Lohrnann X X X 

Thoracosphaera sp. X 

Reworked Paleogene nannofossils 

Cruciplacolithus tenuis (Stradner) Hay & Mohler X X 

Cribrocelllrum reticulatum (Ga11ner & Smith ) Perch-Nielsen X 

Coccolithus formosus (Karnptner) Wise X X X X X X X X 

Lanternithus minutus Stradner X 

Pontosphaera enormis (Locker) Perch-Nielsen X 

Reticulofenestra wnbilica (Levin) Ma11i ni & Ritzkowski X X 

Tribrachiatus orthosrylus Shamrai X 

Transversopontis sp. X 

Zygrhablithus bijugatus (Deflandre) Deflandre X X X X X 

Reworked Cretaceous nannofossils 

Arkhangelskiella cymbiformis Yekshina X 

Broi11sonia parca parca (Stradner) Bukry X 

Micula decu.\'sata Vekshina X X X 

Octolithus multiplus (Perch-Nielsen) Romein X X X 

Quadrum gartneri Prins & Perch-Nielsen X 

Rei11hardti1es anthophorus (Defl andre) Perch-Nielsen X 

ZeuKrhabdotus emberKeri (Noe!) Perch-Nielsen X 

Diatemecea X X X 
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heteromorphus DEFLANDRE (NN4-NN5), which in 
autochthonous position are present together in zone NN5. 
richest fromf the whole profi le; it has the best degree of 
preservation. 

Deposits from the depth 457 .5 - 457 .6 m contain 
nannofoss il s of Upper Cretaceous, Eocene and Miocene 
age. The prevailing species is Coccolithus pelagicus 
(W ALLICH) SCHILLER. From Miocene species were deter­
mined: Calcidiscus leptoporus (MURRAY & BLACKMANN) 
L0EBLICH & T APPAN, Umbilicosphaera rotu/a 
(KAMPTNER) V AROL, Reticulofenestra pseudoumbilicus 
(GARTNER), Sphenolithus abies DEFLANDRE. 

In depth 652.4 - 652.6 m there was determined a poor 
association of calcareous nannoplankton with forms that 
are known since the Eocene and Oligocene and which 
become extinct in the Miocene. The only determined Mio­
cene specie were Umbilicosphaera rotula (K AMPTNER) 
V AR0L, of which the stratigraphic range is 2- 16 
and Reticulofenestra pseudoumbilicus (GARTNER) 
GARTNER (NN4-NN 15). 

Similarly it is with the sample from the depth 654.7 -
654.8 m, which contained the species Sphenolithus hete­
romorphus DEFLANDRE indicating the zone N 5. The de­
posit contains a large amount of diatoms. 

The sample from the depth interval 704.8 - 704.9 m 
reveals a poor association with low degree of preserva­
tion, with Miocene elements as Calcidiscus leptoporus 
(MURRAY & BLACKMA ) L0EBLICH & TAPPAN, Sphe­
nolithus heteromorphus DEFLANDRE, Reticulofenestra 
pseudoumbilicus (GARTNER) GARTNER, which suggest 
the presence of nannoplankton zone NN5 . 
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In the depth interval 801.5 - 801.6 m there was ob­
served a very poor association of nannoflora, which was 
insufficient for stratigraphic classification. 

The sample from the depth 852.6 - 852.8 m, 853.4 -
853.6 m was poor in association of calcareous nannoplank­
ton. The most numerous species is Coccolithus pelagicus 
(W ALLICH) SCH ILLER and other Paleogene forms. From 
the biostratigraphic point of view the most significant spe­
cies is Sphenolithus heteromorphus DEFLANDRE, pointing 
to zone 5, as no specimens of Helicosphaera amplia­
perta 8RAMLETTE & MARTCNI, H. mediterranea M 0LLER, 
H. scissura MILLER etc. were found. 

In the interval 853.6 m - 654.7 m the associations of 
calcareous nannoplankton correspond to zone NN5. lt is 
confirmed by occurrences of biostratigraphically most 
significant nannofossil Sphenolithus heteromorphus 
DEFLA DRE, wi thout accompaniment of nannofossils typi­
cal for zone NN4. This index nannofossi l was redeposited 
also to younger horizon (interval 250.5 - 250.6 m). 

In smaller depth interval s there were not found any 
index nannofossils, which would allow stratigraphic clas­
si fication of the deposit to the Middle of Upper Badenian. 
In the samples no discoastersy, were found which are 
common in zones N 5 and NN6 and are typical for the 
environment of open ocean. On the other hand, the identi­
fied foraminifer associations make possible to establish of 
the Middle and Upper Badenian and in the Upper Bade­
nian there were recognized up to 98 % of plankton ic con­
stituent constituent contact with the open sea. lt means, 
that nannoflora association could have been dec imated by 
the influence of diagenesis in lithologically unsuitab le 
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Fíg. 6 Share of arctotertiary and paleotropic elements in palynospectrum of the borehole HGŽ-3 
Pl - paleotropic geoflora (tropical zone) P2- paleotropic geoflora (sub-tropic zone) Al - arctoctertiary geoflora (warm temperature 
zone) A2 - arcoictertiary geoflora (cold temperature zone) 
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environment (high in Si contenl in deposits - as proved 
by the presence of abundant of diatoms and silicisponges 
in preparations used for the study of calciferous nanno­
plankton. 

Otoliths 

In the borehole there were found also remains of fish 
in form of otoliths (determined by Prof. RNDr. R. Brzo­
bohatý, CSc.) The identified species were Gadiculus sp. 
Uuv.), Physiculus sp. Uuv.) from depth 452.7 - 452.8 m 
and Diaphus ex. gr. debilis (KOK.), Photichtys sp., Breg­
maceros sp. from depth 551.4 - 551.5 m. 

Sporomorphs 
(Phototable V - V Jl) 

Sporomorphs from the borehole HGŽ-3 were also stud­
ied. Relatively poor palynospectrum was obtained (Tab. 4) . 

In assignment of the taxons into individual geoflora 
type and into their corresponding climatic zones the ter­
minology by Engler (1879; 1882) was used . He intro­
duced the terms paleotropical (P) and arctotertiary (A) 
geoflora . According to terminology by Mai ( 1981; 1991 ) 
a paleotropic elements are considered evergreen plants 
genetically belonging into tropical (Pl) and subtropical 
(P2) climatic zones in which their recent equ ivalents can 
be found . The arctotertiary type geotlora is characterized 
by coniferous and deciduous species partly defoliating, 
genetically belonging to warm temperate (Al ), or cold 
temperate (A2) zones in which their recent equivalents 
can be found. Expression of the proportion between tree 
(AP) and non-tree (NAP) plant forms can suggest much 
about degree of afforestation of the studied locality in the 
given time sedion. 

In depth 154.0 m the palynospectrum of sample is 
dominated by elements of arctoctertiary geotlora, mainly 
representatives of the group A 1 (Taxodium, Alnus, Pinus, 
Carya, Junglans, Nyssa), less from the group A2 (Picea, 
Ulmus, Corylus, Salix, Tilia ). Paleotropical geoflora is pre­
sent in less amounts, in greater proportion there are present 
only subtropical elements of the group P2 (Castanea, 
Myrica, /lex). Tropical plants from group P 1 (Engel­
hardtia) have minimum extent (Fig. 6). It is obvious from 
the ratio of AP/NAP forms that the tree species were pre­
vai ling. 

The sample from the depth 154.1 m contains domi­
nantly elements form arctotertiary geoflora, the portion of 
elements from group A l slightly increased and the por­
tion of elements from group A2 slightly decreased. The 
share of paleotropical geof!ora was reduced by half. A 
slight increase was recorded in herbaceous forms at the 
expense of wood plants. Beside sporomorphs also a rep­
resentati ve of phytoplankton was present: (Dinoflagel­
lata) species Deflandrea .\pinulosa, typical for Oligocene 
(Hudáčková in Halásová et al., 1996). 

The sample from the depth 154.5 m is interesting by 
extraordinary high portion of arctotertiary geoflora of 
group A 1 (Taxodium, Pinus, Chenopodium, Alnus), from 
group A2 there were determined Picea, Abies and Ulmus. 
Representation of paleotropical geoflora of groups PI and 
P2 was minimum. In this depth, in comparison with other 
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samples, there was determined the largest portion of 
herbs from NAP (Chenopodiaceae, Gramineae) . In the 
sample there was also a representative of dinotlagellates 
Achomosphaera sp. 

In the sample from the depth 353.9 m the portion of 
arctotertiary geoflora of group A2 (Ulmus, Sa/ix, Fagus) 
increased by one third in comparison to the preceding 
sample (154.5), on the contrary, the group A I recorded 
lower percentage. The elements of paleotropical geo­
flora of group P2 (Castanea, Myrica) are more abundant 
than in the preceding sample . From the ratio AP/NAP 
the significant dominance of AP forms is obvious. The 
portion of the herbal part significantly decreased in 
compari son with the preceding sample. The dinoflagel­
lates are represented by Achomosphaera sp. and Spini­
f erites cf. bentori. 

In the palynospectrum from the depth 451.5 m there 
were dominating elements from arctotertiary geotlora, 
mainly frorn group AJ. Groups P2 and A2 were repre­
sented quantitatively nearly equally. 

Absence of elements from group Pl (tropical flora) is 
interesting. The genera Ulmus, Pinus, Alnus, Myrica, 
Castanea were abundant to very abundant. Salix, Carya 
were common. The portion of herbal component in­
creased only slightly (Grami neae). 

In depth 550.2 m the portion of elements from the 
group A2 decreased and representatives of tropical tlora 
Pl there occur again in mínium amount. The abundance 
of the paleotropical geotlora of the group P2 increased 
only slightly, similarly was increased the portion of arc­
totertiary elements from the group A 1. Portion of the 
herbal component of the spectrum was increased again 
insignificantly only. The dinoflagellates are represented 
by the genus Distatodinium. 

In the sample from the depth 650.9 m the relative por­
tion of AP/NAP has not changed. However, the increase 
of portion of the arctotertiary elements of group A2 along 
with decrease of portion of elements from the groups P 1 
and P2 is interesting. The genera Pinus, Alnus, Myrica, 
Salix and Ulmu.\· were very abundant here. 

According to the mentioned paleoflora data we can 
conclude that during the formation of the studied deposits 
there was warm subtropic climate. 

Macrojlora 

In the deposi ts from the depth of 52.5 - 52.6 m an 
imprint of a leaf Carpinus grandis UNGER (determined by 
Doc. RNDr. V. Sitár, CSc) was found. 

Cbaracteristics of the neogene lithostratigraphic units 

The results of the study of the ind ividual fossil groups 
of organisms served for classification of the Neogene 
deposits from the borehole HGŽ-3 into the defined 
lithostratigraphic units (Priechodská in Harčár et al., 
1988; Vass in Keith et al., 1994; Kováč & Hók in Hók et 
al., 1999). 

The presence of foraminifers Praeorbulina f? lomerosa 
(BLOW), and Uvigerina macrocarinata P.-T. is character­
istic for the oldest Neogene deposi ts from the borehole 
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Tab. 4 Representation of the indivídua/ palynomorph species (genera) in borehole HGŽ-3 

Taxon/depth 154,0 m 154,1 m 154,5 m 353,9 m 451,5 m 550,2 m 650,9 m 

Osmunda sp. 

Leiotrílete.ľ sp. 

Laevigatosporites sp. 

Taxodíum sp. 

Scíadopytís type 

Abíes type 

----·········································································---- ······························· ······ ........ .. . _____________ ... , ................. .. ----····· ................. .. 

____ ............................................. .. 
Cedrus sp. 

Picea type ________ ............................................... . 
Pinus type sylvestris 

Pinuspollenítes type haploxylon 

Tsuga type 

Podocarpus type 

Chenopodiaceae 

Líquídambar type 

Castanea sp. 

Fagus sp. 

Quercus sp. 

Alnus sp. 

Betu/a sp. 

Carpinus sp. 

Corylus sp. ----········· .. ·················· .................. .. 
Myrica type 

Carya sp. 

Engelhardtia sp. 

Momipites sp. 

Juglans sp. 1--------- ....................................................................................................................... . 

Pterocarya type 

Sa/ix type -------- ······················ ----
Ti/ia sp. 

Ulmus sp. 

Zelkova sp. 

Acer type 

Rhus type ---- ························ 

/lex sp. 

Nyssa sp. ···•···•······ ...................................... .. ................... ____ ....................................................................... . 
Asteraceae 

Poaceae ----------------··········· .. ······· ................ .......... .. 

Occurence: rare 

common 

abundant 

very abundant 

HGŽ-3 (770.5-916.0 m), representing the Bajtava 
Formation, and restricted only to the Lower Badenian 
(Moravian), in the centra) Paratethys. From the calcare­
ous nannoplankton the most abundant was the species 
Coccolithus pelagicus (W ALLICH) SCHILLER and bio­
stratigraphically interesting- Sphenolithus heteromorphus 
DEFLANDRE indicating zone NN5. 

They are averlain (200.0 - 770.5 m) by Middle and Up­
per Badenian deposits representing the Pozba Fonnation. 

In the depth interval 572.5 - 770.5 m there are depos­
its of Middle Badenian age, for which presence of fo­
raminifers of species Globigerina nepenthes T0DD and 

Uvigerina aculeata orbignyana CZJZ., indicating a Mid­
dle Badenian age is typical. Only a poor association of 
the calcareous nannoplankton was obtained there . Forms 
with a wide stratigraphic range were established there and 
except of them also Sphenolithus heteromorphus 
DEFLANDRE indicating zone NN 5 was determined. Also 
large amount of diatoms was identified. In these deposits 
also otoliths Diaphus ex. gr. debilis (KOK.), Photichtys 
sp. and Bregmaceros sp. were found. The presence of 
deep-water species Photichtys sp. suggests the deposition 
environment at the boundary between sublittoral and 
bathyal zone (by Brzobohatý, oral information). 
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In the palynospectrums of Middle Badenian deposits 
there are abundant forms of needles of genus Pinus, 
which abundant by continues gradua ll y up to the Upper 
Badenian . Obvious occurrences of hydrophilous vegeta­
tion with representatives of Myrica, Alnus, Salix type are 
interesting. Despi te the higher percentage of hydrophilous 
taxons we cannot speak about the existence of swamps in 
the area . The climate must have been very warm and hu­
mid, because in the palynospectrum more abundant of 
representatives of paleotropic geoflora (Castanea) were 
present. 

In strata overlying Middle Badenian deposits, in 
depth interval 200.0 - 572.5 m there are Upper Bade­
nian deposits. 

The composition of the Upper Badenian palynospec­
trums was in comparison with che Middle Badenian not 
distinctly different on the contrary, it seems to be, insig­
nificant differences are in sporadical to common occur­
rence of some taxons in depth 353.9 m, in comparison 
with samples from greater depths (Cedrus, Picea, Quer­
cus, Tilia, Zelkova, Acer type, Rhus) . The dominance of 
hydrophilous vegetation is obvious also here (Alnus, My­
rica, Salix type) . Abundant are also Carya, Ulmus and 
mainly Pinus. Also in this depth interval there is domi­
nance of arctotertiary elements over paleotropical , which 
occured only rarely, is unambiguous. 

For Upper Badenian deposits from borehole HGŽ-3 
the Bolivina-Bulimina association is characteristic. The 
present species are: Bulimina elongata elongata ORB ., B. 
elongata longa (YENGL.), 8 . insignis LUCZKOWSKA. Boli­
vina dilatata dilatata Rss. , B. dilatata maxima C.-Z., 8. 
dilatata brevis C.-Z., 8 . kodymi C.-Z., B. pokornyi 
pvkornyi C.-Z., B. hebes MACF., Fursenkoina acuta 
(ORB .), Praeglobobulimina pupoides (ORB.), Praeglo­
bobulimina ovula (ORB .), Valvulineria marmaroschensis 
PISHV. and Clobigerina druryi AKERS. In the mentioned 
deposits there was identified a mixture of redeposited 
nannofoss il s coming from Upper Cretaceous, Paleogene 
and Neogene deposits . 

Pozba Formation is overlain by the Vráble Formation 
in the depth interval 10-200 m. The presence of gastro­
pods of genus Mohrensternia that indicates Lower Sar­
matian age, bivalves of species Musculus sarmaticus 
(Gatujev) and genus Cardium was established in the 
lower part of the formation . From foraminifers there were 
found Elphidium Jlexuosum jlexuosum (ORB.) , E. rugo­
sum (ORB.), Bolivina sarmatica DIDK., "Cibicides 
badenensis" (ORB.), Lobatula lobatula (W.- J .), Ammo­
nia beccarii (L.). Foraminifers are accompanied by cen­
tric, mostly pyritized diatoms. From the microfauna 
ostracods of species Cytheridea hungarica ZÁLANYI were 
also found there. Their occurrence indicates the Lower 
Sarmatian ostracod biozone Cytheridea hungarica -
Aurila mehesi (Zelenka, 1990). 

Redeposited associations of calcareous nannoplankon, 
consisting of forms coming from Eocene and older Mio­
cene horizons, were found in the mentioned deposits. 

Representatives of arctotertiary geoflora of group Al 
and from paleotropic group P2 (Engelhardtia) are pre­
vailing in the palynospectrums of Lower Sarmatian de­
posi ts. By presence of swampy vegetation elements the 
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composition of the palynospectrum in thi s depth interval 
is different from the Middle to Upper Badenian deposits. 
In the fírst place there are autochthonous elements of the 
association Taxodium - Alnus - Myrica - Nyssa, along 
with abundant occurrences of Ulmus, Carya, Juglans , 
Corylus type. The herba! portion of the growth was repre­
sented by halophytes from the fami ly Chenopodiaceae 
and grasses Gramineae (Poaceae). 

Conclusions 

The borehole HGŽ-3 contributed to closer under­
standing of the geological and stratigraphic settings of che 
želiezovce Depress ion. 

In the basement of the Tertiary deposits there were 
metamorphosed Mesosoic carbonates belonging to the 
South Yeporicum envelope encountered in borehole. 
Overlying them were identifíed organodetri tal limestone 
of Oligocene (? Egerian) age, which resemble in their 
appearance position and presence of foramini fers to 
Budikovany Member from depressions of Lučenecká 
kotlina and Rimavská kotlina. 

Overlying Oligocene deposits there were identifíed 
Middle Miocene deposits of the Neogene filling of the 
želiezovce Depression. Deposits of the Bajtava (Lower 
Badenian), Pozba (Middle to Upper Badenian) and 
Vráble (Sarmatian) Formations were identifíed here. 

The Neogene deposi ts from the borehole HGŽ were 
correlated with deposits of faciestratotype boreholes in 
che area of the želiezovce Depression and deep borehole 
ŠY-8 (Fig. 3). 

Determination of the stratigraphic stages was based 
on stratigraphic range of the indi vídua! fossil groups. 

The Lower Badenian deposits were identified on the 
basis of foraminifers (Praeorbulina glomerosa (BLOW), 
Uvigerina macrocarinaw P.-T.) and calcareous nanno­
plankton of zone NN5 (Sphenolithus heteromorphus 
DEFLANDRE). 

The deposi ts of the Middle Badenian age were deter­
mined according to foraminifers Globigerina nepenthes 
TODD and Uvigerina aculeata orbignyana CZJZ. similarly 
as Upper Badenian deposits, for which the presence of 
Bolivina-Bulimina association was characteristic. 

The Sarmatian deposits were identified according to 
molluscs (Mohrenstemia sp., Musculus sarmaticus 
(GATUJ EV)), foraminifers, (Elphidium jlexuosum Jlexuo­
sum (ORB .), E. rugosum (ORB .), Bolivina sarmatica 
DIDK.) and ostracods (Cytheridea hungarica ZÁLANYI). 

According to presence of deepwater fí sh type of ge­
nus Photichtys we assume that the deposits oľ Middle 
Badenian age were sedimented on the boundary between 
sublittoral and bathyal zone. 

Sporomorphs found in the Middle to Upper Badenian 
deposits indicate the presence of hydrophilous flora repre­
sented by forms oj Myrica, Alnus, Salix type. The men­
tioned association testifies to a warm and humid climate. 
The sediments of Lower Sarmatian age are characterized 
by the presence of palustrine vegetation element. In first 
order there are autochthonous elements of the association 
Taxodium - Alnus - Myrica - Nyssa, and simultaneous 
abundant occurence of Ulmus, Carya, Juglans, Corylus 
type. 
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PHOTOTABLEI 
1 - Sphaeroidina bulloides ORB., 550.2 m; 2 - Bulimina striata mexicana CusH., 550.2 m; 3-4 - Hansenisca soldanii ORB., 550.2 m; 
5-6 - Uvigerina semiornata semiornata ORB., 550.2 m; 7 - Uvigerina semiornata kusteri DANIELS-SPIEGLER, 559.1 m; 8 - Orbulina 
suturalis BR0ENN., 801 .3 m. 
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PHOTOTABLE II 
1 - Globígerína praebulloídes Blow, 250.5 m; 2 - Haplophragrnoides ex. gr. vasiceki C.-Z., 251.8 m; 3 - Praeglobobulirnina pupoides 
(Orb.), 251 .8 m; 4 - Nonion commune (Orb.), 251.8 m; 5 - Bulimína elongata elongata Orb., 254.8 m; 6 - Bolivina dilatata maxima 
C.-Z., 254.8 m; 7 - Orbulína suturalis Broenn., 453.3 m; 8 - Globigerinoides trilobus (Rss.), 453.3 m; 9 - Globigerinoides subsac-

culifer Cita-Premoli -Silva-Rossí. 
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PHOTOT ABLE III 
1 - Cytheridea hungarica (ZAL.), 154.0 m; 2 - Elphidiumjlexuosumflexuosum (ORB.), 154.0 m; 3 - Stilostomella adolphina (ORB.), 
250.5 m; Globigerina praebulloides B L.Ow, 250.5 m; 5 - Pullenia bullodes (ORB.), 250.5 m; 6 - Pappina bononiensis primiformis 
(P.-T.), 250.5 m; 7 - Plectofrondicularia digitalis (NEUGEB.), 250.5 m; 8 - Globigerina praebulloides 81..0W, 250.5 m. 
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PHOTOTABLEIV 
1 - 3 Sphenolit/111s herero111orpl111s DEFLANDRE, 250.5 - 250.6 m; 4 - Sphenolirhus abie.r DEFLANDRE, 250.5 - 250.6 m; 5 - Sphe110/ithus moriformis 
(BRôNNIMANN & STRADNER), 250.5 - 250.6 m; 6 - 7 Reticulofenestra pseudoumbilicus (GARTNER) GARTNER, 250.5 - 250.6m; 8 - IO Cyclicargolithus 
jlorida1111s (ROTH & HAV) B UKRY, 250.5- 250.6 m;, 154.6- 154.7m; 11 -Helicosphaera waltra11s THEODORIDIS, 250.5 - 250.6 m; 12- Helic:osphaera 
cf. waltra11s TuEODORIDIS, 154.6- 154.7 m; 13- Helicospluiera carteri (WALLICH) KAMPTNER, 457.5 - 457.6 m; 14- Discoaster sp., 154.6- 154.7 m; 
15 - Umbilicolphaera rotu/a (KAMPTNER) V AROL, 250.5-250.6 m; 16 - Pontosphnera enonnis (l.ocKER) PERCH-NIELSEN, 250.5 -250.6 m; 17 - Pon­
tosphaera multipora l<AMPTNER (ROTl-1), 250.5 - 250.6 m; 18- Pontosphaera latelliptica (BÁLDt-Bl':KE) PERCH-NIELSEN, 250.5-250.6 m; 19 - Braani­
dosphaera bigelowii (GRAN & BRAARUD) DEFLANDRE, 250.5 - 250.6 m; 20 - Umtemithus minutus STRADNER, 250.5 - 250.6 m; 21 - Micra11tholith11s 
vesper DER.ANDRE 250,5 - 250.6 m; 22 - Micrwllholithus jlos DEFLANDRE (GRAN & BRAARUD) DEFLANDRE, 250.5-250.6 m; 23 - ?Utostromation 
perduntm DEFLANDRE, 250.5 - 250.6 m; 24 Syracosphaera pulchra LOHMANN, 250.5 - 250.6m; 25 - 30 diatom, 154.6 -154.7 m; 30 Fraf(ilaria con­
stmens (Ehrenberg) Grlln. Photo by : E. Halásová; Photo n. 25. 26, 27, 28, 29, 30 magnification 1500x ; the rest magnification l900x 
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PHOTOTABLE V 
1 - Leiotriletes sp., 650.9 m; 2 - Po lypodiaceae, 650.9 m; 3 - Laevigasporiteľ sp., 451.5 m; 4 - Pinuspol/eniteľ type haploxylon, 
154.5 m; 5 - Cedrus sp. 154.5 m; 6 - Pinus type sylvestriľ . , 550.2 m, 
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PHOTOT ABLE VI 
1 - Pterocarya type, 154.5 m; 2 - Alnus sp., 154.5 m; 3 -Alnus sp., 650.9 m; 4 - Alnus sp., 154.5 m; 5 - Tilia sp., 353.9 m; 6 - Ti/ia 
sp., 451.5 m; 7 - Fagus sp, 353.9 m; 8 - Ulmus sp., 451.5 m; 9 - Liquidambar type, 650.9 m; 1 O - Rhoipites sp. 353.9 m; 11 -
Casranea type, 650.9 m; 12 - Ca.ľtanea type, 550.2 m .. 
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FOTOTABLE VII 
1 - Defrandrea spinulosa (redepozit), 154.1 m; 2 - Spiriferites cf. bentori, 353.9 m; 3 - Achomospaera sp., 154.5 m; 4 - Distatodi­
nium sp., 550.2 m; 5 - Cyclonephelium cf. vicinum s EATON (redepozit), 353.9 m. 
Photo by: M . Slamková; Magnification: 1000 x 



-· 



Slovak Geol. Mag., 8, 3 -4(2002), 283 - 290 

Study of the Hokusho landslides in northern Kyushu, Japan and similar 
failures in the region of neogene volcanics, Slovakia 

RÓBERT JELÍNEK 1
• HIROSHI OMURA2 and YUURI YAMAGUCHI2 

1Geological Survey ofSlovak Republic, Kynceľovská 10, 974 Ot Banská Bystrica 
2Kyushu universi ty, Faculty of Agriculture, Department ofForestry, 812-8581 Fukuoka, 

Higashi-ku, Hakozaki 6-10-1, Japan 

Abstract. Specific geologic, hydrologic, morphologic conditions together with a combination of high pre­
cipitation in northem Kyushu make this area prone to various types of slope movements. Por example, the re­
cent large-scale disaster caused by torrential downpours in July 1972 around Kumamoto and Nagasaki or in 
1982 in Nagasaki and many others, included numerous debris flows and also human casualties: 543 deaths in 
the 1972 event and 493 deaths in the 1982 event (Japan Landslide Society, 2001 ). According to the Slope 
Conservation Division (1997), the Nagasaki prefecture has 135 designated landslide-treated areas of 2,788.16 
ha under the jurisdiction of the Ministry of Land, Infrastructure and Transport. 

In the present paper common slope movements that occur in northwestem Kyushu, so called the Hokusho 
Jandslide in Japanese literature, are studied. Moreovcr, a practical examplc of the Shiraidake landslide in Na­
gasaki prefecture is discussed. The main causes and factors influencing the slope stability of the Jandslide are 
summarized . It can be concluded that a combination of geology, hydrogeology with heavy rainfall are the 
main causes for Jandslides in this area. 

Finally, a comparison between the Hokusho Jandslides and similar types of slope movements, developed 
in the region of Neogene volcanics in Slovakia, is also presented. Whereas the material of underlying rocks is 
almost the same in both areas, the cap rocks of the Hokusho landslides are composed of basalts, while in the 
region of Neogene volcanics these rocks are usually andesites and their pyroclastics. In the case of morphol­
ogic features, the landslides in the Neogene volcanics occur in higher altitudes with high relative relief. 

Key words: Hokusho-type landslide, Matsuura Basalt, landslides in the region of Neogene volcanics 

1. Introduction 

Japan has suffered from many landslides and naturai 
disasters since ancient tíme. The country ís predomi­
nantly mountainous - about three-fourths of the national 
!and are mountaíns. The mountaín region displays a wide 
variety of topography wíth steep terrain in the stage of 
maturity. Furthermore, the islands are located wíthín a 
monsoon zone of abundant rainfall. The combination of 
steep terrain and intensive rainfall often leads to Jand­
slides (Japan Landslide Society, 2001). 

A number of authors, e.g. Vames (1978), Nemčok 
(1982), Dikau et al. (1997) have classified Iandslides ac­
cording to their material composition, type, velocity of 
movement, etc. Based on the velocity, landslides in Japan 
are classified into two categories: Jisuberi represents 
sliding and Hokai rapid failure. The occurrence of land­
slides in Japan is closely related to the geological condi­
tions. Therefore, depending on the geological features, 
classically according to Koide (1955) landslides are clas­
sified into three categories: Tertiary system, fracture wne 
and hydrothermal wne landslides. 

The Tertiary system represents the areas of the híghest 
frequency of landslide occurrence on the Japanese is­
lands. They are distributed mainly along the Sea of Japan 

and are rather dominant in the Tohoku, Hokuriku, north­
ern Kyushu and San in, as shown in Fíg. l . 

These landslides consist mostly of Neogene and some 
Paleogene semi-consolidated clastic materials and vol­
canic rocks, which overlie Mesozoic and Paleozoic sedi­
mentary rocks, metamorphic rocks, intrusive rocks and 
plutonic rocks. Non-siliceous mudstones easily weather 
or decay into clays due to increased water content. Al­
teration of volcanic rocks ejected from the sea bottom 
changes the color to a greenish appearance, and thereafter 
they are called "green tuff'. Tuffaceous mudstones con­
tain abundant smectite clays, and contribute to one of the 
primary causative factors of landslides (Japan Landslide 
Society, 2001). Tertiary landslides often occur on gentle 
slopes and the movement velocity tends to be slow. Ac­
cording to Shuzui (2001), recurrent movement can be 
found in these types of landslides. The lshikura landslide, 
Nagasaki prefecture, can be used as an example where 
the movement was first activated in 1952-53 and reoc­
curred in 1990. 

The present work deals with a study of common type 
of landslides in the Tertiary system named the Hokusho­
type in general. Furthermore, a practical example of the 
Hokusho-type, the Shiraidake landslide in Nagasaki pre­
fecture, has been selected for a detailed study. To under-
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Fíg. /: Dístríbutíon oj the Tertiary landslides in Japan (accordíng to the Slope Conservation Dívísíon 1997) 

stand the mutual relationship of the studied Hokusho 
landslides and the similar types of slope movements on 
the border of Neogene volcanics in Slovakia, a review 
and comparison of the above was carried out. 

2. Geological background and history of the Hokusho 
landslide 

The Hokusho landslides developed along the bound­
ary between northem Nagasaki prefecture and Saga pre­
fecture. They are named after Hokusho region in the 
northwest part of Matsuura, Kyushu. Landslides in this 
area are very frequent. The famous sites are for example: 
the Ishikura landslide, the Ningyooishiyama landslide, 
the Hirakoba landslide, the Koba landslide, the Washio­
dake landslide and many others. 

Northwestem Kyushu is characterized by a remark­
able volcanism that produced the alkali Matsuura Basalt 
during the Late Miocene and Pliocene with subsidiary 
andesite and rhyolite volcanism occurring nearby. The 
basaltic Java flows occurred repeatedly, in period be-

tween 10.6 and 2.7 Ma (Kimura et al. 1991). When mol­
ten basalt flow cools rapidly on the earth's surface, 
systematic cooling joints develop vertícally. The basalt is 
further disintegrated by morphological processes. This 
disturbed material assists water infiltration into deep 
cracks along joints and subsequently promotes weather­
ing. Moreover, presence of the discontinuous Hatinokubo 
Grave/ Formation, inserted between igneous cap rocks 
and underlying sedimentary rocks serves, as an aquifer 
system. As generally accepted, ground water is the domi­
nant inducting factor and the driving force of a landslide. 
An increasing ground water level increases pore water 
pressure within a slope and consequent reduction of shear 
strength can often lead to a landslide. Furthermore, the 
rigid basaltic body overloads the upper parts of slopes. 
The load may increase the shear stress and the pore water 
pressure, which induces a decrease in the strength and 
cause deep landslides in the underlying soft sedimentary 
rocks. The Matsuura Basall flows overlie the early Terti­
ary sedimentary rocks, the Kishima and the Sasebo 
Groups, dominated by sandstone, mudstone, shale and 
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Fíg. 2: Development of the Hokusho-type Landslide (modified after Yamazaki 1980 in Karakida et al. 1992) 

gravel. Sandstone and shale/mudstone layers consist of 2-
3 thick tuffaceous layers accompanied by thin coal seams. 
This tuffaceous layers with clay prepare typical environ­
ment for the development of a slip surface. Therefore, 
landslides occur over much of the area. 

The Hokusho landslides start to slide in front of block 
failures and block fields, which spread laterally on the 
marginal parts of the capped basalt layers as primary fail­
ures. They are combined with slides or debris flows as 
secondary failures, as shown in Fig. 2. The secondary 
failures often developed after agricultural utilization of 
their gentle slopes. These are usually cultivated as rice 
paddy fields, which require a Jot of water. To supply wa­
ter for the paddy fields an artificial pond is often built in 
the upper part of a landslide, which of course can support 
underground water. 

3. The Shiraidake landslide 

3.1 Location and general cbaracteristics 

The Shiraidake landslide is located in the Nagasaki 
prefecture, northwestem part of Kyushu . The landslide 
developed on the west-side slope of the Shiraidake 
Mountain, which elevation is 358 .8 m, on the right bank 
of the Tsukinokawa River. The type of movement is a 
moderately deep-seated secondary slide, the Hokusho 
landslide. Some general views of the Shiraidake landslide 
are shown on Photos l and 2. The former shows the land­
slide area with the cross section 1-1' on the left, whilst 
the later shows detailed view of the landslide on the right 
side of the photograph. Fíg. 3 illustrates the Shiraidake 
landslide and the cross section 1-1 ' . 

The size of the investigated area is about 1.4 x l.75 
km. Terrain elevation ranges from 60 to 190 m asi. 
(above sea level), the slope is generally gentle up to 10°. 
Due to Japanese geographical location between North 
latitude 45° 33' and 20° 25 ', the climate vari es consid­
erably frorn north to south, with rnarked seasonal change. 
Japan, except of Hokkaido, is generally a rainy country 
with high humidity in summer. The studied area can be 
characterized as warm climate with mild dry winters and 
hot humid summers. According to the nearest meteoro­
logical station in Sasebo city, the annual precipitation 

varies between 2,000 and 2,500 mm (Bulletin, 1995-
1999). However, it is necessary consider that the annual 
evaporation is about one third of the annual precipitation. 
Fig. 4 illustrates monthly precipitation in this area during 
five years starting from January 1995 till December 1999. 

As can be seen, up to 70 % of the annual precipitation 
falls during 4 months between June and September. The 
rnonthly precipitation culminates in June and July, when 
the seasonal rain front moves progressively from the 
southemmost island toward the north. These rains often 
cause landslides and debris flow disasters. Typhoons usu­
ally generate strong winds and heavy rainfall, which 
cause flooding, sedimentation disasters and landslides. In 
the spring, numerous landslides are triggered by under­
ground water, supplied from snowmelt on the slopes 
facing the Sea of Japan (Japan Landslide Society, 2001). 
The average annual temperature in the investigated area 
is about 16.2°C with an average minimum temperature 
5.8°C in January and an average maximum temperature 
of26.4°C in July (Bulletin, 1995-1999). 

A comprehensive survey of the landslide area from 
geologic, geomorphologic and hydrologic points of view 
was done during the sliding activity between years 1952 
and 1997. According to the activity of landslide at Shirai­
dake, the whole area was divided into five blocks A, B, 
C, D and E (Report, 1997). The investigation works were 
rnainly conducted in the most active B and E blocks, 
where alt the boreholes are concentrated. The data were 
collected from the surveys, and a simple spatial database 
was created. The database provided some general infor­
mation about the investigated landslide and was also used 
as input data layers to calculate the slope stability. Ac­
cording to the records, the depth of the slip surface varies 
from 4.7 m at foot and head up to 23.0 m in the middle 
part of the landslide. Likewise, the ground water level 
through the landslide area varies from 1.0 mat foot to 9.5 
m at head, corresponding to about 40 % of depth. 

3.2 Geological setting and mechanism of the Shirai­
dake landslide 

Tertiary sedimentary rocks of the Fukui Formation 
and the Kase Formation underlie the landslide. Both for­
mations belong to the Sasebo Group, which is about 
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Photo 1: The Shiraidake landslide with longitudinal profile 1-1 ' illustrated on the left 

Photo 2: Detailed photo of the Shiraidake landslide (right s ide) 

Photo 3: Gentle slopes of the Shiraidake landslide cultivated f or rice paddy fields, which are sometimes full of water 

1,000 to 1,600 m thick and composed of eight formations. 
The uppermost Kase Formation cosist of marine mud­
stone. Each of the other formations is composed of a sin­
gle cyclothem that begins with a layer of marine or 
brackish facies and ends with a non-marine coal seam. 
AII the strata consist of monocline structures, which are 
inclined gently towards the northwest. Near the summit 
these sedimentary rocks are overlain by the Matsuura 
Basalt as well as by the Quaternary deposits. According 

to the Geological map of the Saga prefecture (K.inoshita 
et al. 1954) the thickness of the basalt flow is between 50 
and 150 m, occasionally 300 m. 

The Shiraidake landslide belongs to the Tertiary sys­
tem of landslides, representing the highest frequency of 
landslide occurrence in Japan. Landslides are usually 
caused by complex factors. In the Shiraidake Iandslide 
the following causal factors can be summarized: 
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Table 1: Comparison of some general characteristics ofthe Hokusho landslides in the Tertiary covering sediment zones in Japan and 
the landslides in the reg ion oj Neogene volcanics in S/ovakia 

Parameters Hokusho•type landslide in the Tertiary covering Landslides in the region of Neogene volcanics in 
sediment zones in Japan Slovakia 

Matsuura Basalt, Andesite and their pyroclastics, rhyolite, basalt and 
Cap rock/era 

Late Miocene, Pliocene their tuffs, Tortonian (Middle Miocene) Sarmatian 
(Uooer Miocene) 

Semiconsolidated Tertiary sedimentary rocks: Pelitic and aleuric shales of Paleogene or semicon· 
Underlying rock/era tuffaceous mudstones, shale, sandstone, coal solidated fine•grained strata, i.e. clayey·silty·sand 

seams, pyroclastic rocks rocks of Neogene 

Warm temperate climate wi th four seasons, Continental climate with four distinct seasons; warm Climate rainy season and typhoons; mild dry winters and mild, dry to moderately warm and humid 
and hot humid summers 

Average ann ual 
2,000•2,500 mm 650· l ,OOO mm precipitation 

Relieftype 
Hilly mountains with moderately steep slopes 

Intensively structured upland and highland type dissected by valleys 

Height 200·400 m asi. 900· 1,490 m asi. 

Relative relief 50·300 m 150·600 m 

Slope angle <IO o 6·8 ° 

Maximum landslide's 
Width 4 km, length 5 km 

Width 5.5 km, length 2 km (continuous landslide's 
dimensions ranges) 

Maximum depth of slip 
!OOm 40m 

surface 

Pailure types Lateral spreading, block fai lures, block fields, Block failures, block fields, sliding of blocks, land• 
landslides, debris tlow, rock ťali 

(1) Favorable geological structure and lithology, i.e. 
the sliding surface forms along a bedding plane and along 
intercalation of coal seams between tuff layers, where the 
contact of strata can act as a slip plane. 

(2) Intensive weathering. Geographical regions with 
much rainfall and warm temperatures such as Japan have 
led to weathering of natural materials. This usually im­
plies that these regions also have the deepest soils, which 
can be a potential risk of a landslide. 

(3) Formation of smectite in the slip-surface mudstone 
(Yagi et al. 1999). Smectite can originate as an alterion 
product of tuff, contacted with groundwater. In particular, 
smectite is one of the clay minerals with lower frictional 
resistance, and supply for slip surface in fine clastic 
sedimentary rocks, such as mudstone (Shuzui 2001). 

slides, flow, surficial and deep seated creep, rock ťali 

(4) Interbedded impermeable and permeable rocks, 
Quaternary grave! layer with the possibility of formation 
of a perched aquifer system. 

(5) Much and extremely intensive precipitation in the 
area (the annual precipitation up to 2,500 mm). 

(6) The undulating relief terrain of the area. A gentle 
dip slope (up to 10°) is typical for the occurrence of such 
landslides. 

The slope has been stabilízed by the effective retain­
ing structures. The area is covered by vegetation; the 
gentle slopes are cultivated by rice paddy fields (Photo 
3). There are also some residences in upper parts of the 
slope. The last landslíde activity was recorded in the 
1990's (Report, 1997). 



R. JeUnek el al.: Study of the Hokusho /andslides ... 

289 

Table 1 

Parameters 
Hokusho-type landslide in the Tertiary covering Landslides in the region of Neogene volcanics 
sediment zones in Japan in Slovakia 

Matsuura Basalt, Andesite and their pyroclastic, rhyolite, basalt 
Cap rock/era 

Late Miocene, Pliocene 
and their tuffs, Tortonian (Middle Miocene) 
Sarmatian (Upper Miocene) 

Semiconsolidated Tertiary sedimentary rocks: Peli tie and aleuric shales of Paleogene or semi-
Underlying rock/era tuffaceous mudstones, shale, sandstone, coal consolidated fine-grained strata, i.e. clayey-

seams, pyroclastic rocks silty-sand rocks of Neogene 

Warm temperate climate with four seasons, rainy Continental clirnate with four distinct seasons; 
Climate season and typhoons; mild dry winters and hot warm and mild, dry to moderately warm and 

humid summers humid 

Average annual precipi-
2,000-2,500 mm 650-1,000 mm tation 

Relieftype 
Hilly mountains with moderately steep slopes 

Intensively structured upland and highland type dissected by valleys 

Height 200-400 m asi. 900-1,490 m asi. 

Relative relief 50-300 m 150-600 m 

Slope angle <10 0 6-8 ° 

Maximum landslide's 
Width 4 km, length 5 km Width 5.5 km, length 2 km (continuous land-

dimensions slide's ranges) 

Maximum depth of slip 
100m 40m surface 

Lateral spreading, block failures, block fields, 
Block fai lures, block fields, sliding ofblocks, 

Failure types landslides, flow, surficial and deep seated creep, landslides, debris flow, rock fall 

4. Slope movements in the region of neogene volcanics 
in Slovakia 

Similar features and subsequently the types of the 
slope movements such as the Hokusho landslides in 
northwestern Kyushu, where the cap rock formations of 
hard component overly soft incompetent formations , are 
common in recent or past volcanic regions, as for exam­
ple in ltaly, lrkutsk and Siberian Plain in Russia, Wash­
ington, Oregon, Idaho, Colorado, Arizona and New 
Mexico in the USA, New Zealand (Nemčok, 1982), 
Konkan coast in India and Cooee in north-west Tasmania 
(Nagarajan et al. 2000). Likewise, these type of slope 
movements are developed in the region of Neogene vol­
canics in Slovakia, where rigid volcanic materials, pre­
dominantly andesites and their pyroclastics, rhyolites and 
basalts, overly soft, plastic and weakly cemented sedi­
mentary rocks, i.e. pelitic and aleuritic shales of Paleo­
gene or clayey-silty-sand rocks of Neogene (Nemčok, 
1982). In order to understand the relationship between the 
Hokusho landslides in Japan and the landslides in Neo­
gene volcanics in Slovakia, a literature review (Japan 
Landslide Society, 2001; Shuzui, 2001; Nemčok, 1982; 
Matula & Pašek 1996 and many other unpublished dala) 
and subsequent comparison of some general features was 
carried out (Table 1). 

rock fall 

By comparing the above sites it was found that the 
cap rocks of the Hokusho landslide are composed of ba­
salt, while andesite and their pyroclastics are dominant 
rocks in the region of Neogene volcanics. Underlying 
rocks are built by quite similar units of semiconsolidated 
Tertiary sedimentary rocks. The climate shows consider­
able variation, it is warm and continental. The average 
precipitation is 2-3 times higher in the area of the Hoku­
sho landslide than in Slovakia. From geomorphologic 
point of view, the landslides in the Neogene volcanics 
occur in higher altitudes with high relative relief, while 
the area in the Hokusho landslide shows a softer relief 
with smaller variation in relative relief. The dimensions 
of landslide and the slip surface depth are a little bit 
larger in the Hokusho landslides. lt is likely that many 
failures are combinations of several different failure 
modes: slides or debris flows are linked to lateral spreads; 
a slide can also develop into a flow form at the toe, or a 
deep-seated creep on the margin of the highlands can 
transform into a rock fall. 

5. Conclusions 

This paper presented some of the general features and 
factors contributing to the slope stability in the Hokusho­
type landslides in northern Kyushu. Based on the infor-
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mation obtained, it can be concluded that the main causes 
of the Shiraidake landslide are a combination of hydro­
logical and geological settings of the area, deep and in­
tensive weathering. The triggering factor was probably an 
increase in the ground water level after heavy rainfall 
during the rainy season from early June up to middle of 
July or during typhoon season in September. This is sup­
ported by very high monthly precipitations up to 571 mm. 

Comparison between the Hokusho landslide and the 
slope movements in the region of Neogene volcanics 
showed some similarities between the studied sites. Some 
similar characteristics are related to the material of the 
underlying rock. The main differences are in the compo­
sition of cap rocks, which are basalts in the Hokusho 
landslides and andesites with their pyroclastics in the 
Neogene volcanics. From the morphological point of 
view, the landslides in the Neogene volcanics occur at 
higher altitudes with high relative relief, while areas in 
the Hokusho landslide show a softer relief with smaller 
variation in relative relief. 
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