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Vysokotlakova metamorféza vrchnokarbénskeho konglomeratu

z lokality Rudiiany—Svinsky hrb na severe gemerika

MARTIN RADVANEC

Geologicka sluzba SR, Marku$ovska cesta 1, 052 01 Spisskd Nova Ves
(Dorucené 16. 12. 1997)

High-pressure metamorphism of pre—Upper Carboniferous conglomerate
from the Rudiiany—Svinsky hrb locality in the northern Gemericum

On the north of Gemericum (Western Carpathians) near Rudiiany—Svinsky hrb area the metacon-
glomerate basically includes polymict clasts 1—7 ¢m wide as a mixture of the gneiss (metasemipelite)
and amphibolite issued from the Lower Carboniferous (320—370 Ma). Clasts, occurring as the relict of
an earlier regional metamorphism M1, were formed at low-pressure (3—4 Kbar) condition, well distin-
guished in the chlorite-biotite (500 °C), biotite (550 °C) and cummingtonite (650 °C) zone, respectively.
The metaconglomerate belongs to the Rudiiany Carboniferous sedimentary Fm. rich of black shales,
metaconglomerate and sandstone. It had been formed under diagenetic P-T conditions in apparent
Paleozoic - Westphalian age and after Westphalian it was again metamorphosed in high-pressure
metamorphism M2. Green and white clasts accompanied with the green to green-brown rock cement or
matrix that includes hematite + chlorite £ actinolite + albite + quartz are creating a structure of the
metaconglomerate.

The metaconglomerate occurs in two modes of mineral assemblages: The earlier, formed with mine-
ral assemblage as the relict of the M1-metamorphism (Grt,,, + Hbl + Png, + PI, + Chl, + Rtl; + Spn, +
+ Ilm, + Tur, + C + Ap + Qtz), was present in clasts. This mineral assemblage was stable in the youn-
ger M2-metamorphism. After Westphalian, the second and younger mineral assemblage M2 (Act +
+ Png, + PL,(Ab) + Chl,_; + Hem + Ti-Hem + Psb + Psr + [lm, + Rtl, + Spn, + inclusions Cal in Hem +
+ Tur, + Qtz) crystallized in the high-pressure metamorphism. These two modes of mineral assembla-
ges characterize P-T conditions of the high-pressure metamorphism M2 in the metaconglomerate.
An overprint, replacement and recrystallization is well distinguished in metaconglomerate.

The pressure and temperature peak of the metamorphism M2 was estimated around P = 12 Kbar;
T = 600—550 °C and according to the results, the retrograde metamorphism M2 stopped at the P = 8 Kbar
and T = 520—530 °C.

P-T path of the metamorphism M2 is similar to the Franciscan tectonic block type of HP metamorp-
hism. Our type of P-T path is characterized by a return path that is generally along the same P-T trajec-
tory as the prograde path of the metamorphism showing a decompression in same temperature condi-
tions as the prograde path. This indicates a quick exhumation of the HP-metamorphosed material (meta-
conglomerate) from the subduction zone that had been formed by a continental collision after Westpha-
lian age in Gemericum.

Key words: metaconglomerate, HP metamorphism, subduction, hanging wall

Uvod

Vzorky metakonglomeritu sme na S gemerika blizko
kéty Svinsky hrb pri Rudiianoch odobrali z vrtu SH-6,
SH-8, SH-9, SH-13 a SH-16, ktorymi sa overovala moz-
nost vyuZival metakonglomerat na dekora¢né ucely (An-
tonickd, 1996).

Metakonglomerat (metamorfovany polymikiny zlepe-
nec) spolu s pieskovcom a grafitickou bridlicou tvori rud-
nianske suvrstvie (Bajanik et al., 1981; Vozarova a Vozdr,
1988; Grecula et al., 1995). Podla ndlezu makrofauny od
Dobsinej (pieskovec) a makroflory na lokalite Rudiiany
(grafitickd bridlica) je rudnianske stvrstvie vestfalskeho
veku (vrchny karbén; Rakusz, 1932; Némejc, 1947; Fu-
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san in Vozdarova a Vozdr, 1988). Priamo v metakonglo-
merdte sa zvysky fléry alebo fauny doteraz nezistili.

Na sktimane;j lokalite je metakonglomerat hruboklasticky
a polymiktny. Priemernd velkost klastov (obliaky a ostro-
hranné dlomky) vo vrtoch je 3 cm. RekryStalizovand zéaklad-
nd hmota sedimentu — matrix alebo tmel — ma prevazne
zelend, ale aj hnedocervenu farbu. Priblizne 15—40 %
objemu tmelu tvori hematit vo forme impregnécie alebo
jemnych ziliek, ¢asto usporiadanych do rebrikovitej Strukti-
ry medzi zvy$kom tmelu, ktory tvori chlorit £ aktinolit +
+ fengit + albit a kremen. Pévod hruboklastického materia-
lu v konglomeréte pred jeho metamorfézou odvodzuje Voza-
rova a Vozar (1988) od bezprostredného staropaleozoické-
ho podloZia a od tlomkov vulkanitov synsedimentdrnej
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vulkanickej ¢innosti v mlad§om paleozoiku (karbon).
Konglomerat sa po vestfali metamorfoval v podmienkach
metamorfézy M2 (vysvetlenie dalej).

60 % objemu klastov v metakonglomerate skimanej
lokality pochadza z rulovo-amfibolitového komplexu ge-
merika (DianiSka a Grecula, 1977; Hovorka a SpiSiak,
1981; Faryad, 1986; Radvanec, 1992, 1994, a i.). Podla
klasifikdcie chemickych objemovych analyz mnohi autori
za protolit amfibolitu z rulovo-amfibolitového komplexu
pokladaju tholeiitovy bazalt silursko-devonskeho veku
(Grecula, 1982; Hovorka a SpiSiak in Cambel et al.,
1985). P6vodnd minerdlna asocidcia opisovaného bazaltu
(pyroxén + amfibol + olivin + labradorit aZ anortit)
sa nezachovala. V amfibolite, ako aj v klastoch amfiboli-
tu v metakonglomerdte chyba.

Protolitom ,,rulovej” Casti rulovo-amfibolitového kom-
plexu bola zmes pelitu a pravdepodobne aj tholeiitového
bazaltu alebo jeho pyroklastika. Z tejto zmesi okrem ,,rulo-
tvornych” minerdlov (biotit + plagioklas + granat + fengit
+ epidot + ilmenit + kremeri) vykryStalizoval aj hornblend
+ cummingtonit + titanit. Metamorfogénne rulotvorné mi-
nerdly a asocidcia hornblend + cummingtonit + titanit
kryStalizovali v rule z r6zneho protolitu naraz. Biotit krys-
talizoval z pelitickej a hornblend + cummingtonit + titanit
pravdepodobne z tholeiitovej Casti protolitu. Radvanec
(1992, 1994) takyto zmieSany protolit nazval semipelitom
(pelit + produkt tholeiitového bazaltu?). Relikty minerdlnej
asocidcie bazaltového protolitu sa nezachovali ani v klastoch
metamorfovaného semipelitu (rula s amfibolom).

V metakonglomerdte sa dobre opracované obliaky z ru-
lovo-amfibolitového komplexu gemerika velké 1 aZ 7 ¢m,
ale aj ostrohranné tlomky, ktoré podla doterajSich poznat-
kov reprezentuji zmes nizkotlakovych (P = 2—4 Kbar)
metamorfitov chloritovo-biotitovej (T = 500 °C; biotit +
+ chlorit + plagioklas + granat + fengit + klinozoisit +
aktinolit + kalcit + titanit + ilmenit + kremen), biotitovej
(T = 550 °C,; biotit + chlorit + plagioklas + granit + fen-
git + epidot + klinozoisit + hornblend + aktinolit + kalcit
+ titanit + ilmenit + kremen) a cummingtonitovej zény
(T = 650 °C, plagioklas + fengit + epidot + klinozoisit +
+ porfyroblast—hornblend—cummingtonit—aktinolit +
+ kalcit + ilmenit + kremeri) predvrchnokarbénskej regio-
nalnej metamorfdzy staropaleozoického protolitu gemeri-
ka. Vek tejto starSej metamorfézy M1 bol z amfibolov
K-Ar metddou uréeny na 320—370 mil. rokov (vrchny de-
von—spodny karbén; Kantor in Cambel et al., 1990).
V metakonglomerate sa vyskytujui aj obliaky a ilomky grani-
tu, plagiaplitu a metamorfity s rulovou textirou, ktoré pravde-
podobne nepochddzaji zo starSieho paleozoika gemerika, ale
najskor z veporika alebo z inych oblasti kryStalinika Zapad-
nych Karpat, a tak ich rad autorov poklada v metakonglomerate
za ,exotikd” (Krist, 1954; Ivanov, 1965; Fusan, 1959, ai.).

Sposob transportu exotik do sedimenta¢ného priestoru
konglomerdtu lokality Svinsky hrb nie je doteraz vyrieSe-
ny. Podla velkosti a spdsobu opracovania konStatujeme,
Ze vSetky obliaky a dlomky hornin v metakonglomerite
boli opracované rovnako, a preto niet dévodu uvazZovat
o nerovnakej dizke transportu. Z porovnania rozli¢nych
oblasti zdroja materialu metakonglomeratu vychodi, Ze by

klasty exotik z kryStalinika a veporika museli prekonat
dlhsi transport ako klasty zo savrstvi star§icho paleozoika
gemerika, ale to sme na sposobe a velkosti opracovania
obliakového a tlomkovitého materidlu nezistili.

Postup prac a pouZité metddy

Mineralogicky sme zhodnotili 26 vzoriek - velkoplos-
nych leStenych vybrusov (3,5 x 3,5 cm) a pit z nich sme
vybrali na podrobni mineralogicko-petrologickd analyzu.
V obliaku amfibolitu, metasemipelitu a granitu zo starSej
metamorfnej udalosti M1 sa zachoval granét, amfibol,
ilmenit, fengit, plagioklas, titanit a iné mineraly.
V mladiej metamorféze M2 kryStalizovala v tmeli meta-
konglomeratu, v obliakoch a z reliktu star§ej mineralnej
asocidcie nova mineralna asociacia (tab. 1). VSetky mine-
raly sme analyzovali kvantitativne na mikroanalyzétore
v Kjote (Japonsko; tab. 2). PouZili sme elektréonovy mik-
roanalyzator Hitachi s analytickym systémom Kevex
8000 s kvantovym detektorom a prirodnymi Standardmi.

Na odlifenie generécii mineralnych asocidcii sme pouZili
plo¥né mapy obsahu prvkov v Ko a fotografie mineralnych
asociacii v odrazenych elektronoch (dalej BEI). Generacie
rovnakych mineralov a minerdlne asocidcie sme odliSili
podla ich pozicie v §truktire horniny, podla chemického
zloZenia a pomeru Fe/(Fe + Mg), ktory mé v texte znacku
(*); ¢ — stred mineralu, r — okraj mineralu. Z tychto kri-
térii sme zistili postupnost krystalizacie minerdlov v Case.
Mineralogické a Struktirne poznatky sme pouZili pri konst-

Tab. 1
Minerélne asocidcie v metakonglomerate
Mineral assemblage of metaconglomerate

Relikty a stabilné mineraly z metamorfézy MI1 v klastoch
metakonglomeritu po metamorféze M2

Mineral Metasemipelit Amfibolit Granit
Granat Grt
Biotit Bt | creecmememmeeeeneee [E————
Homblend Hbl
Epidot Ep [ —
Plagioklas Pl
Fengit Png,;
Chlorit Chl,
Titanit Spny
Kremeni Qtz
Rutil Rt
Ilmenit Ilm,
Apatit Ap
Grafit? C

Turmalin Tur,
Minerily mladiej metamorfézy M2 v klastoch a v tmeli metakonglomeritu

Chlorit Chly3
Kalcit [ 07 I PP
Albit (Ab) Pl
Aktinolit Act

Fengit Png,

Titanit Spny | | rerereesreenenn

Kremen Qtz

Hematit + Ti Hem

Pseudabrookit Psb —e
Pseudorutil Psr

Ilmenit 1lm;,

Rutil Rtl,

Turmalin Tur,

Vysvetlivky: --- relikt, ... vzdcny
Explanations: --- relict, ... rare
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Tab. 2

Reprezentativne analyzy mineralov
Representative mineral analyses
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Mineral Grt Hbl Act Bt+Png  Pngs Png2 Png2 Pngz Png2 Chh Chlz Chlz Chlz Chl Chl Tury Turz
Sample  SH-16  SH-6 SH-6 SH-8  SH-16  SH-6 SH13 SH6  SH13 SH-16 SH-16  SH-13  SH-9 SH-6  SH-16  SH-8 SH-8
Event M1 M1 M2 M1+M2 M1 progr.M2 progrM2 retrogM2 retrogM2 M1 progrM2 progrM2 prog.M2 retrogM2 retrogM2 M1 M2
Position relict relict  rimofHbl  relict relict replace Bt matrix  matrix  matix inclus.Pli matrix  matix  matix  matix  matrix refict  crack Tur
Si02 37.65 44,89 538 44.33 46.03 48.78 49.92 50.57 48.87 26.28 3.2 28.6 31.31 26.69 2541 36.7 36.38
Ti0z 0.05 0.92 0.18 0.51 1.11 0.14 0.14 0.1 0.08 0.09 0.07 0.09 0.08 0.09 0.5 0.46
AlOs 2111 1316 361 3004 3587 3242 284 2365 2519 2169 1914  18.61 1412 1981 2171 3427 2653
FeO 328 11.07 11.75 5.8 1.03 1.83 2.56 5.23 3.27 2287 16.24 18.12 3.29 20.92 2573 6.51 13.96
Fez03 519 1.31 3.8 11 38

MnO 221 017 0.19 0.12 0.07 0.05 0.1 0.07 0.08 0.53 034 043 0.57 0.5 0.55 0.05 0.1
Mgo 264 1007 1458 4.66 0.62 1.83 1.00 375 376 1552 2126 2176 3277 1801 1343 6.73 6.1
Ca0 346 1105 1197 0.04 0.13 0.59 0.09
Naz0 1.42 0.51 0.3 1.22 0.65 0.07 0.1 0.1 212 248
K20 042 0.07 6.85 944 1012 1048 1072 1078 0.17 0.08 0.04 0.05
Cr203 419

Sum 99.92 9836 9797 9641 9543 9582 953 9531 9593 8698 8856 8761  86.33 8.1 8683  87.51 86.16
0= 12 23 22 22 28 24.5
Si 3019 6527 7695 5970 6092 6447 6671 6898 6635 5502 6147 5823 6.056 5605 5423 5878 6.2
Ti 0.003 0101 0019 0052 0411 0014 0015 0012 0009 0015 0011 0015 0012 0015 0.06  0.059
AV 1473 0305 2031 1909 1554 133 1103 1366 2499  1.854 2178  1.944 2386 2578  0.122

AV 1995 0782 0303 2737 3687 3497 3144 2697 2665 2854 259 2199 1275 2507 2884 6347 5329
Fe¥ 0002 0567 0141 0386 0113 0389

Fe? 2198 1346 1406 0654 0114 0203 0287 0577 0372 4005 2675 3.086 0533 3674 4593 0872 1.99
Mn 015 0021 0023 0014 0008 0006 0013  0.009 001 0094 0057 0075 0094 0089 01 0007  0.014
Mg 0316 2182 3108 0936 0123 0361 0721 0763 0761 4843 6242 6603 9448 5637 4273 1607 1.552
Ca 0297 1721 1.834 0.006 0.028 0.101 0.016
Na 0079 0314 0168 0019 0.03  0.027 0.658 0.82
K 0.078 0013 1177 1594 1707 1787 1.866  1.879 0.043 0.022 0.008  0.011
NaM4 0279  0.166

Cr 0.641

Sum 7980 15077 15.013 8066 13958 13957 13987 14.068 14113 19812 19647 19.979 20003 19.945 19.851 1566  15.991
Mineral Ply Ply Pl2 Spn1 Rl lim2 lim1 Psb+Psr  Ti-Hem Psr Hem Hem Cal
Sample SH-6 SH-6 SH-16 SH-6 SH-6 SH-6 SH-9 SH-9 SH-8 SH-8 SH-13 SH-9 SH-16
Event M1 M1 M2 M1 M2 M2 M1 M2 M2 M2 M2 M2 M2
Position core rm  rimmatrix relict  repl.Spn: repl.Spn1  relict  replimi  repliim:  matrix matrix matrix  In Hem
SiO2 61.71 68.42 68.03 29.71
TiO2 40.27 97.51 52.93 54.9 56.25 2.62 60.05 0.57 0.19
Al203 2413 19.56 19.2 0.85
FeO 0.6 1.12 1.33 45.69 43.89 4.33 1.76
Fe20s 3936 9695 3993 991  97.81
MnO 0.08 0.3 0.21 0.18 0.27 0.38 0.72
Mgo 0.21 0.1 0.17 0.16 0.33 0.43 0.21 0.27 0.22 21
Ca0 5.64 0.24 0.12 27.42 50
Naz:0 8.33 12 11.66 441
K20 0.05 0.08 0.03
Cr20s 05
Sum 99.81  100.27 99.69 99.61 99.03 99.09 99.16 10045 100.27  100.19 99.94 99.1 98.68

= 8 5 2 3 8 3 8 3 6
Si 274 2.985 2.991 0.977
Ti 0.995 1.982 1.01 1.035 2.856 0.051 2.997 0.011 0.002
Al 1.262 1.006 0.995 0.033
Fed 2 1876 1994 1971 1959
Fez 0.022 0.031 0.03 0.969 0.92 0.245 0.15
Mn 0.002 0.006 0.004 0.01 0.006 0.006 0.008 0.06
Mg 0.01 0.004 0.006 0.006 0.033 0.017 0.012 0.009 0.32
Ca 0.269 0.011 0.006 0.966 547
Na 0.717 1.015 0.994
K 0.003 0.001
Cr 0.011
Sum 4.988 5.02 5.008 3.013 2.018 1.991 1.965 5.144 1.950 5.003 1.988 1.99 6
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rukeii P-T-fo, drah metamorfného procesu. P-T podmienky
metamorfézy sme vypocitali z dvojic koexistujicich mine-
rdlov a programom Geocalc (Berman, 1987).

Minerdlne asocidcie v metakonglomerate
Vzorka SH-16

V metakonglomerdte je 2 cm velky obliak metasemi-
pelitu s grandtom z rulovo-amfibolitového komplexu
star§ieho paleozoika gemerika, ktory reprezentuje relikt
minerélnej asocidcie z biotitovej zény regiondlnej meta-
morfézy M1 (Radvanec, 1992, 1994). Z metamorfézy
M1 sa v obliaku zachovala alebo ostala stabilna aj v P-T
podmienkach mladSej, naloZenej metamorfozy M2 tato
minerdlna asocidcia: Grtpy,(c-r = 73—74 %, 0,89%) +
inkluzie Rtl; spolu s Pl;(Xan = 0,038—0,085) v Grt + C +
+ PI, (porfyroblast Xan = 0,16 ¢c—0,14 r) + nizkotlakovy
Chl;(0,47*) + nizkotlakovy a vysokoteplotny Png,(Si =
= 3,07, AL,O; = 34,5—37 hmot. %, 0,47%) + Rtl; + relikt
Bt (zmes Png, + Rtl, + Chl,) + Ilm; + Qtz (tab. 2).

Grtym(c—r = 73—74 %, 0,89%*, Mg/Fe = 0,127), ktory
vznikol spolu s biotitom v metamorfnom procese M1, na-
hradil alebo resorboval na okraji v mlad$om metamorfnom
procese M2 strednotlakovy az vysokotlakovy Chl,(0,31%,
Mg/Fe = 2,140—2,233). Na vonkaj$om okraji a na kon-
takte povodného zrna granatu s matrixom nahradil granat
v tej istej metamorfoze aj mladsi strednotlakovy aZ nizko-
tlakovy Chl3(0,49—0,81%, Mg/Fe = 0,107—0,127). Chl,
a Chl; tvoria zmes iba na vonkaj§om okraji okolo povod-
ného zrna grandtu (obr. 1, 2, 3). Na zaliatku resorpcie
v progradnej metamorféze M2 Cast granatu nahradii Chl,
pri teplote T = 320—340 °C (KpCCh, = 0,06). Resorpcia
Grt sa skoncila v rovnovahe s Chly pri vyssej teplote T =
= 480—530 °C (K0l = 0,107—0,127) v retrogradnej
metamorféze. Teplotu resorpcie grandtu sme vypocitali
z Gtr-Chl termometra (Grambling, 1990).

Na kontakte okraja povodného zrna grandtu s matrixom
v mladSom metamorfnom procese M2 v p6vodnej oblasti
nahradila zrma biotitu zmes Png,(Si = 3,2, Al,0;=31,5 %,
0,41%*) + Rtl, + Chl,(0,39%, obr. 1).

Zo zadkladnej hmoty metakonglomerdtu okolo obliaka
metasemipelitu s grandtom v mladSom metamorfnom
procese M2 kry$talizovala minerdlna asocidcia
Chly(0,30%) £ Act + Hem + inklazie Cal(0,32%) len
v Hem + PL,(Xan = 0,001) + Psr + Qtz. V retrogrddnej
metamorféze M2 kryStalizovala v tmeli asocidcia
Chl;(0,45*) + Qtz (obr. 4, tab. 2).

Vsetci autori mineralogicko-petrologického opisu hor-
nin z rulovo-amfibolitového komplexu zistili epidot
(10—20 obj. %) vo vietkych horninovych varietich. V tej-
to vzorke sa epidot po metamorféze M2 v obliaku metase-
mipelitu nezachoval ani vo forme reliktov pdvodnych zin.

Vzorka SH-6
Podla mineralnej asocidcie a chemického zloZenia mine-

rdlov vzorka reprezentuje obliak predkarbonskeho amfibo-
litu s Hbl z regiondlnej metamorfézy M1. P-T podmienky

Obr. 1. Resorpcia grandtu z obliaka metasemipelitu biotitovej zony pred-
vrchnokarbénskej metamorfozy M1 vysokotlakovym chloritom (Chly)
a strednotlakovym az nizkotlakovym mlads§im chloritom (Chl;) a premena
biotitu z M1 na zmes chlorit (Chl,) + fengit (Png,) + rutil (Rtl,) v procese
mladSej metamorfézy M2. Vzorka SH-16. Odrazen€ elektrony.

Fig. 1. Resorbtion of garnet from metasemipelite of biotite zone from
pre-Upper Carboniferous metamorphism M1 by high-pressure chlorite
(Chly) and medium to low-pressure younger chlorite (Chl;) and chan-
ge of biotite from M1 to mixture of chlorite (Chl,) + phengite (Png,) +
+ rutile (Rtl,) during younger metamorphism M2, The sample SH-16.
Back-scattered electrons.

2 Mn() Garnet

Bt - zone

M1

FeO Ca0

Obr. 2. Chemicka klasifikécia reliktu grandtu (c - stred, r - okraj) v troju-
holnikovom diagrame FeO — MnO — CaO. Analyzy reliktu (obr. 1) st
zhodné s analyzami granatu z biotitovej zony (Bt-zone) predvrchnokar-
bonskej metamorfozy M1 z rulovo-amfibolitového komplexu paleozoika
gemerika v oblasti Rudnian (Radvanec, 1992, 1994). Analyzy st v tab. 2.

Fig. 2. Chemical classification of garnet relict (c - core, r - rim), in the
triangle diagram FeO—MnO—CaO. Analyses of the relict (Fig. 1)
are consistent with the garnet analyses from biotite zone (Bt-zone)
of pre-Upper Carboniferous metamorphism M1 from the Paleozoic
gneiss-amphibolite complex of Gemericum from the Rudilany area
(Radvanec, 1992, 1994). Analyses are in Tab. 2.
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Obr. 3. Chemicka klasifikdcia chloritov v metakonglomeréte. Premenna
AlYY + 2Ti + Cr-1 v chlorite zavisi od tlaku (Laird in Bailey, 1988).
Chl,—relikt chloritu uzavrety v plagioklase porfyroklastov zo starsej
predvrchnokarbonskej metamorfézy M. Chl,—strednotlakovy az vyso-
kotlakovy mladsi chlorit z progradnej a retrogradnej postvestfalskej meta-
morfézy M2. Chl;—strednotlakovy aZ nizkotlakovy chlorit z retrogréadnej
metamorfézy M2. A—A’, B—B’ a C st ¢asti drah progradnej metamor-
fézy M2; D a E—E’ st &asti retrogradnej metamorfézy M2 zhodné
s ¢astami P—T—fo, drah na obr. 10 a 1 1. Analyzy chloritu st v tab. 2.

Fig. 3. Chemical classification of chlorites in metaconglomerate. The vari-
able AIVD + 2Ti + Cr—1 in chlorite is depending on pressure (Laird in
Bailey, 1988). Chl,—relict of chlorite inclused in the plagioclase porphy-
roclasts from the older pre-Upper Carboniferous metamorphism M.
Chl,—the middle to high-pressure younger chlorite from the prograde and
retrograde post-Westphalian metamorphism M2. Chl;—middle to low-
pressure chlorite from the retrograde metamorphism M2, A—A’, B—B’
and C are parts of prograde metamorphism M2; D and E—E’ are parts of
retrograde metamorphism M2, corresponding to the parts of P—T—fo,
paths in the Figs. 10 and 11. The chorite analyses are in Tab. 2.

Fe=0 015-0.022

Pl - porphyroblast

core

|

oligoclase

albite Xan

Obr. 4. Distribticia Xan v plagioklase metakonglomeratu Zonélny
plagioklasovy porfyroblast krytalizoval v star$ej predvrchnokarbon-
skej metamorfoze M1. Cast Ca plagioklasu pravdepodobne vznikla aj
rozpadom epidotu M1 na hranici prechodu diagenetického 3tadia kon-
glomeratu do facie zelenych bridlic na zagiatku progradnej metamor-
fozy M2. V mladSej postvestfalskej metamorféze M2 ostal Pl porfy-
roblast M1 stabilny a tu krystalizoval aj albit M2. vZdy s obsahom FeO
okolo starSieho porfyroblastu M1, alebo albit krystalizoval v tmeli me-
takonglomeratu. Analyzy sd v tab. 2.

Fig. 4. Distribution of Xan in plagioclase of metaconglomerate. The
zonal plagioclase porphyroblast crystallized during the older pre-Upper
Carboniferous metamorphism M. The part of Ca-plagioclase probable
originated also with decomposition of the M1 epidote in the boundary
of the transition of diagenetic stage of conglomerate to the green-schists
facies in the onset of the prograde metamorphism M2. In the younger
post-Westphalian metamorphism M2 remained the Pl-porphyroclast M|
stabil and here crystallized also the albite M2, always with the FeO
content around the older porphyroclast M1 or albite crystallized in the
cement of metaconglomerate. Analyses are in Tab. 2.

metamorfézy M1 st v zhode s podmienkami stanovenymi
pre biotitovi a7 cummingtonitovi zénu rulovo-amfiboli-
tového komplexu gemerika (Radvanec, 1992).

Zo star$ej metamorfézy M1 sa v obliaku v P-T podmien-
kach mlad3ej metamorfézy M2 zachoval alebo ostal stabil-
ny zondlny porfyroblast Pl,(Xan = 0,27 ¢ — 0,007 r) +
+ Hbl(0,39%) £ relikt Ep + Spn, + Ilm; + Qtz. Povodny
titanit (Spn,) v metamorféze M2 rekrystalizoval na zmes
Rtl, + Ilm, (obr. 6). Podla chemickej klasifikédcie patri
hornblend do skupiny Mg hornblendu (Leake, 1978; tab. 2,
obr. 4). Na okraji zrna hornblendu kolmo na os ¢ v mlad-
Som metamorfnom procese M2 krystalizoval Act(0,33%)
spolu s vysokotlakovym Chl,(0,38%*), ktory sme zistili aj
v tmeli metakonglomeratu. Chl, kryStalizoval v dlh§om
Casovom intervale ako Act a zdroveii Ciasto¢ne resorboval
dvojicu Hbl + Act (obr. 3, 5).

P-T podmienky sucasnej kryStalizdcie Hbl a Act(Tr)
alebo rekrystalizacie Hbl na Act v jednom zondlnom zrne
amfibolu nie st doteraz podrobne prestudované. Ich sticas-

Obr. 5. Resorpcia homogénneho Mg hornblendu (Hbl) a aktinolitu
(Act) vysokotlakovym chloritom (Chl,). Hornblend krystalizoval
v star§fom metamorfnom procese M1. V progradnej metamorfoze M2
na okraji zrna kolmo na os ¢ bol hornblend nahradeny aktinolitom.
V retrogradnej metamorféze M2 medzi bodom C a D (obr. 1) ko-
existujicu dvojicu Hbl — Act resorboval vysokotlakovy Chl, (obr. 3).
Odrazené elektrony. Vzorka SH-6. Analyzy su v tab. 2.

Fig. 5. Resorbtion of homogei:eous Mg-hornblende (Hbl) and actinoli-
te (Act) with the high-pressure chlorite (Chly). The hornblende cry-
stallized during the older metamorphic process M1. In the prograde
metamorphism M2, in the rim of the grain, perpendicularly to the
c-axis, the hornblende was replaced with actinolite. In the retrograde
metamorphism M2, between the points C and D (Fig. 11), the coexis-
ting pair Hbl—Act was resorbed with the high-pressure Chl, (Fig. 3).
Back-scattered electrons. The sample SH-6. Analyses are in Tab. 2.
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0.3 mm

Obr. 6. Oxidécia titanitu (Spn,) zo starSiecho metamorfného procesu
M1 na rutil (Rtly) a ilmenit (Ilm,) v postvestfilskej metamorféze M2.
Oxidacia Spn; prebehla v dvoch fazach: v progradnej metamorfoze
M2 medzi bodom A a A’ bol najprv Spn, nahradeny Rtl, pri teplote
T =450—550 °C a neskor v retrogradnej metamorféze M2 pri vy$§om
tlaku (medzi bodom E a E’) oxiddcia pokrafovala pri teplote
T = 550—530 °C resorpciou podla reakcie Spn, + Rtl, + O, + CO, =
= 2[lm, + Hem + Cal + Qtz (obr. 10). Odrazené elektrény. Vzorka
SH-6. Analyzy st v tab. 2.

Fig. 6. Oxidation of titanite (Spn,) from the older metamorphic process
MI to rutile (Rtl,) and ilmenite (Ilm2) in the post-Westphalian meta-
morphism M2. Oxidation of Spn, was two-stadial: in prograde meta-
morphism M2 between the points A and A’ the Sph, was firstly replaced
with Rtl, in T = 450—550 oC and lately in retrograde metamorphism M2
in higher pressure (between points E and E’) oxidation followed in the
temperature interval T = 550—530 °C with resorption according to
reaction Sph; + Rtl, + O, + CO, = 2llm, + Hem + Cal + Qtz (Fig. 10).
Back-scattered electrons. Sample SH-6. Analyses are in Tab. 2.

na kryStalizdcia sa zistila v teplotnom intervale 510—560
°C a v tlakovom 3,5—8 Kbar (Apted a Liou, 1983)
s vrchnou hranicou teploty moZnej koexistencie Act-Hbl
na hranici T = 600 °C (Spear, 1995). Spodna hranica sta-
bility asocidcie Act + Chl + Ep je zarovefi aj spodnou
hranicou stcasnej krystalizacie Act-Hbl a teoreticky sa
odhadla na hranici 400 °C v tlakovom rozsahu 2—11
Kbar (Ernst, 1977). Podla tychto zisteni je teplotny roz-
sah koexistencie Act a Hbl vy3si ako dve teploty resorp-
cie Grt vo vzorke SH-16 vypocitané z Chl-Grt termomet-
ra. Koexistencia Act-Hbl v metakonglomerdte indikuje
teplotny vrchol metamorfézy M2 (obr. 11).

V mladSom metamorfnom procese M2 zo zakladnej hmo-
ty v tmeli obliaka krystalizovala asocidcia Pl,(Xan = 0,012)
+ strednotlakovy aZ vysokotlakovy Png,(Si = 3,46,
ALO;=23,5—-25,5 %, 0,45%) + Chl,(0,33*) + Rtl, + Spn, +
+Hem + Qtz a v retrogradnej metamorféze M2 aj strednotlako-
vy aZ nizkotlakovy Chl;(0,49%) + Qtz (obr. 7, 3).

M1 Phengite
3 5 30 ‘ = =
ALO, Wt%)
rep. Bt
Tom2
2% 30 %
ALO, Wt%)

Obr. 7. Chemicka klasifikdcia fengitu aZz muskovitu v zdvislosti od ob-
sahu Al,O5 (hmot. %). Obsah Al,0; vo fengite zdvisi priamoumerne
od teploty metamorf6zy (Radvanec et al., 1994). M1 — nizkotlakovy
a vysokoteplotny fengit (Png;) zo star§ieho metamorfného procesu
M1, ktory ostal stabilny aj v mlad§om postvestfidlskom metamorfnom
procese M2. M2 — strednotlakovy aZ vysokotlakovy a nizkoteplotny
fengit (Png,) z mlad§ej metamorfézy M2. Png,, ktory v progradnej
metamorf6ze M2 nahradil biotit (resp. Bt), krystalizoval blizko teplot-
ného vrcholu, &o je v siilade s vypocitanymi reakciami resorpcie relik-
tu biotitu z M1 v metamorféze M2 (obr. 11). Analyzy si v tab. 2.

Fig. 7. Chemical classification of phengite to muscovite in relation to Al,O4
content (wt. %). The content of Al,O5 in phengite is directly dependent on
temperature of metamorphism (Radvanec et al., 1994). M 1—low-pressure
and high-temperature phengite (Png,) from the older metamorphic process
M1, which remained stable also in younger post-Westphalian metamorphic
process M2. M2—medium to high-pressure and low-temperature phengite
(Png,) from the younger metamorphism M2. Png,, replacing biotite (resp.
Bt) during prograde metamorphism M2, crystallized near the temperature
peak. It is in concordance with calculated reactions of the biotite relict re-
sorbtion from M1 in metamorphism M2 (Fig. 11). Analyses are in Tab. 2.

Vzorka SH-9

V tejto vzorke metakonglomerat obsahuje obliak
pravdepodobne exotického Pl granitu s reliktom biotitu.
V granite sa po metamorféze M2 zachoval zondlny por-
fyroblast Pl;(Xan = 0,083 ¢—0,009 r) + nizkotlakovy
Png(Si = 3,1, ALL,Oy;=34—35 %, 0,45*%) + Ilm, + Qtz
(obr. 4). K Zivec v obliaku chyba. V mladSom meta-
morfnom procese M2 kryStalizoval Pl,(Xan = 0,01) na
okraji porfyroblastu PIl,. Ilmenit (Ilm;) rekryStalizoval
na zmes Psb + Psr + Ti—Hem (obr. 8, 9). Povodny
biotit sa vo svojej pdvodnej oblasti pri mladSom meta-
morfnom procese rozloZil na zmes strednotlakového
Png,(Si = 3,3, ALLO; = 31,4 %, 0,43*%) + Rtl, +
+ Chl,(0,38%).

V tmeli okolo granitu v mlad§om metamorfnom proce-
se M2 krystalizoval Pl,(Xan = 0,007) + vysokotlakovy
Chl,(0,33* s Cr,03) + Chly(0,33%) + Rtl, + Psr + Hem
+ Qtz. V retrogradnej metamorféze krystalizoval
Chl3(0,49* s Cr,03) + Qtz (obr. 3, tab. 2).

Vzorka SH-13

V metakonglomerdte sa zachovali ilomky metasemipe-
litu a staropaleozoického granitu gemerika s reliktmi
povodnej minerdlnej asocidcie (P1 + Png + Qtz + Bt).
K Zivec sme v tlomku granitu nezistili.

Ulomok’ metasemipelitu reprezentuje metamorfny pro-
ces M1 v P-T podmienkach biotitovej zény (Radvanec,
1992). Z tejto asocidcie ostal v tlomkoch stabilny
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Pl1,(porfyroblast, Xan = 0,06—0,09 ¢—0,02 r) + nizko-
tlakovy Png,(Si = 3,1, ALLO3 = 32,5—34,5 %, 0,44*) +
+ Chl,(0,48%) + Ilm; + Ap + Qtz. Epidot, beZny minerdl
v biotitovej z6ne metamorfézy M1, sme v tlomku nezis-
tili ani vo forme reliktu.

V mladSom metamorfnom procese M2 kryStalizoval
okraj porfyroblastu Ply(Xan = 0,02). Ilmenit (Ilm,) re-
kryStalizoval na zmes Psb + Psr + Ti-Hem. Mladsi meta-
morfny proces rozloZil biotit v pdvodnej oblasti zrna na
zmes strednotlakového az vysokotlakového Png,(Si = =
3,34, Al,03=28—29 %, 0,43*) + Rtl, + strednotlakovy
az vysokotlakovy Chl,(0,37%). Okolo tlomkov v tmeli
krystalizovala minerdlna asocidcia Pl,(Xan = 0,015) +
+ strednotlakovy az nizkotlakovy Chl;(0,31 ¢—0,55 r*) +
+ Rtl, + Psb-Psr + Hem + Qtz (obr. 3, 7; tab. 2).

Vzorka SH-8

Zmes drobnych tilomkov metasemipelitu a gemerické-
ho granitu (pod 0,7 ¢cm) reprezentuje metamorfézu M1
v P—T podmienkach chloritovo-biotitovej az biotitovej
z6ny (Radvanec, 1992, 1994). Z metamorfézy M1 sa po
metamorféze M2 vo vzorke zachovala minerdlna asocidcia
porfyroblast PI,(Xan = 0,14) + nizkotlakovy Png,(Si =
= 3,15, Al,O; = 33,53 %, 0,40*) + nizkotlakovy
Chl(0,44%*) + Tur(0,35%) + Ilm, + Qtz + Rtl;. Ani
v tejto zmesi tlomkov sme K Zivec nezistili.

V mladSom metamorfnom procese M2 krystalizoval
albitovy lem Pl,(Xan = 0,02) okolo okraja ulomku por-
fyroblastu Pl;(Xan = 0,14). Ilm, spolu s Rtl; rekrystali-
zovali na zmes Psb + Psr £ Hem. Okolo klastu Png,
kryStalizoval mladsi Png,. Zo zdkladnej hmoty okolo
tlomkov kryStalizovala v mlad§om metamorfnom proce-
se M2 minerdlna asocidcia Pl,(Xan = 0,017—0,031) +
+ strednotlakovy Png,(Si = 3,2, Al,O3; = 30—32 %,
0,43*) + strednotlakovy aZ nizkotlakovy Chl;(0,50%) +
+ v Zilkach Tur,(0,46—0,55%*) + Psb-Psr + Hem + Qtz.

Metamorfné fazové rovnovahy a reakcie
v metakonglomerate

Metamorfné fazové rovnovdhy a reakcie sme vypocitali
pomocou programu Geocalc (Berman, 1987). Z mineralo-
gického opisu sme zistili, Ze asi polovica minerdlov
v objeme metakonglomeratu kryStalizovala v starSom M1
metamorfnom procese predvestfalskeho veku a zvySok
v Casovo oddelenom mladSom metamorfnom procese M2.
Cast kritickych minerdlov z M1 ostala stabilnd aj v P—T
podmienkach metamorfézy M2. Relikty metamorfnych
minerdlov (Grtyy,, + Hbl + Png, + Pl, + Chl, + Rtl, +
+ Spn; + Ilm; + Ap + C? + Tur; + Qtz) st v metamorf-
nom procese M2 sucastou mladSieho krystaliza¢ného
systému spolu s novou minerdlnou asocidciou (Act +
+ Png, + Pl,(Ab) + Chl,; + Hem + Ti-Hem + Psb +
+ Psr+ Rtl, + Ilm, + Spn, + Tur, + Cal + Qtz). StarSia
a mladSia minerdlna asocidcia charakterizuje metamorfny
proces M2 (tab. 1, 2) a obidve kryStalizovali v rdmci prv-
kovej asocidcie oxidov a silikatov systému Si—Al—
—(Ca)—Ti—Fe—Mg—Na—K—O—H. Model vypo&tu

fazovych rovnovéh a opis P-T drdhy sme spocitali z mi-
neralnej asocidcie identifikovanej vo vybrusoch.
Grt(almandin) + Pl(anortit—An) + Pl(albit) + Png(mus-
kovit—Ms) + Bt(flogopit) + Chl(klinochlér) + Act(tre-
molit—Tr) + Rtl + Ilm + Hem + Spn + Qtz + H,0.

Pri vypocte metamorfnych reakcii procesu M2 sme ne-
brali do ivahy epidot (skupinu epidotu), ktory je pred vzni-
kom klastov v povodnych varietdch rulovo-amfibolitového
komplexu podstatnou zlozkou horniny. Epidot v obliakoch,
tilomkoch a v tmeli metakonglomeratu chyba (tab. 1).

Z uvedenych vstupnych podmienok sme vypocitali tie-
to metamorfné reakcie (obr. 11):

1) Spn + 2Rtl + Alm = An + 31lm + 2Qtz

2) 4Alm + 5Png + 12Rtl + 4Tr = 25 Qtz + 5Bt +
+ 12Ilm + Chl + 8An .

3) 3Chl + 24Ilm + 5Png + 15Qtz = 24Rt + 5Bt +
+ 8Alm + 12H,0

4) 5Png + 4Rtl + 4Tr = 4Spn + 17Qtz + 5Bt + Chl + 4An

5) Spn + 26Rtl + 10Bt + 2Chl + 17Alm = 9An +
+ 51Ilm + 10Png + 8Tr

6) 3Chl + 5Png + 8Spn = 8Rtl + Qtz + 5Bt + 8An +
+ 12]‘120

7) 6Chl + 3Ilm + 10Png + 15Spn = 18Rt + 108t +
+ 15An + Alm + 24H,0

8) Alm + 5Png + 3Rtl + 3Tr = 15Qtz + 5Bt + 3llm +

+ 6An + 3H,0

9) 8Tr + 15Png + Chl = 16An + 15Bt + 35aQ1z +
+ I12H,0

10) Tr + 9Rtl + 3Alm + 3H,0 = 2An + Chl + 9llm +
+ 10Q1z

11) 3Chl + 211lm + 10Png + 3Tr = 21Rtl + 108t +
+ 6An + 7Alm + 15H,0

12) 5Png + Rtl + 3Tr = Spn + 13Qzt + 5Bt + 5An +
+ 3H,0

13) 6Spn + 9Rtl + 3Qtz + 5Bt + 5Alm + 3H,0 =
= 151lm + 5Png + 3Tr

14) Spn + 24Rtl + 10Bt + 13Alm + 6H,0 = 3An +
+ 39Ilm + 10Png + 611

15) 3Iim + 10Png + 6Tr = 3Spn + 24Qtz + 10Bt +
+ 9An + Alm + 6H,0 '

16) 8Tr + 16Rtl + 5Png + 12H,0 = 5Chl + 5Bt +
+ 33Qtz + 16Spn

17) Chl + 4Qtz + 3Spn = Tr + 3Rtl + An + 3H,0

18) I13Chl + 20Png + 35Spn = Tr + 35Rtl + 20Bt +
+ 33An + 51H,0

19) Tr + 5Rtl + Alm + 3H,0 = Chl + 3Ilm + 6Qtz +
+ 2Spn

20) 10Spn + 23Rtl + 10Bt + 11Alm + 9H,0 = Chl +
+ 33Ilm + 10Png + 5Tr

21) 2Alm + Chl + Rtl + 5 Spn = Tr + 6 Ilim + 3An +
+ 3H,0

22) 3Alm + 2Chl + 2Qtz + 9Spn = 2Tt + 91lm + 5An +
+ 6H,0

23) 35Alm + 24Chl + 10Png + 105Spn = 18Tr +
+ 10Bt + 105Ilm + 69An + 78H,0
Vypoditané mineralne asocidcie na lavej strane reakcie st stabilné pri

vy3$§om tlaku (obr. 11). Hrubo st vyznacené reakcie alebo ich Casti,
ktoré mozno kontrolovat postupnou kryStalizdciou generdcii rovna-
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kych minerdlov, vztahom chemického zloZenia tychto minerdlov a mi-
nerdlnych asocidcii vo vybrusoch. Reakcie opisuju postupnu kryStali-
zaciu novej minerdlnej asociicie, resorpciu alebo stabilitu starSej mi-
nerdlnej asocidcie metakonglomeratu v mlad3ej metamorféze M2.

RekonStrukcia P-T-fo, drah metakonglomeratu

Na rekonStrukciu P-T-fo, drah bol najvhodnejsi obliak
metasemipelitu, amfibolitu a minerdlna asocidcia v tmeli
metakonglomeratu. Podla chemickych objemovych analyz
bol predmetamorfnym protolitom amfibolitu (vzorka SH-6)
pravdepodobne produkt tholeiitového bazaltu a protolitom
metasemipelitu (vzorky SH-8,13,16) zmes pelitického sedi-
mentu s produktom tholeiitového bazaltu? (Radvanec,
1992, 1994). Mineralne asociacie bazaltu sa v klastoch
nezachovali ani ako minerdlny relikt. Klasty metamorfitov
spolu s okolitym tmelom metakonglomerdtu maji pestrd
asocidciu metamorfogénnych kritickych minerdlov (tab. 1,
2). Z Casovej postupnosti krystalizacie mineralnych asocia-
cif, z metamorfnej reakcie 1—23 a vzfahov v postupnosti
krystalizacie Png,(nizkoP/vysokoT) a Png,(vP/nT), nizko-
tlakového Chl;, strednotlakového aZ vysokotlakového
Chl,, strednotlakového aZ nizkotlakového Chl, z krystali-
zécie Act na okraji Hbl, z resorpcie granatu Chl, a Chls,
z postupnej rekryStalizacie Ilm; na Psb + Psr + Ti-Hem
a z postupnej rekrystalizdcie Spn; na Rtl, a Ilm, sme urobi-
li rekonStrukciu P-T-fo, drdh metakonglomeratu v meta-
morfnom procese M2 (obr. 10, 11).

Vztah roznych generécii fengitu aZ muskovitu a chloritu
v jednom vybruse umoZiiuje porovnat ich odli§né chemické
zloZenie, ktoré zaznamendva zmeny teploty a tlaku v meta-
morfite. Obsah Si vo vzorci fengitu aZz muskovitu uréuje
hodnotu tlaku metamorfézy (obr. 11; Massone a Schreyer,
1987) a obsah Al,Os(hmot. %) reaguje na zmenu teploty
pri krystalizacii svetlej sludy (obr. 7). Cim bol vy33i obsah
Al O, tym vySSia bola teplota kryStalizdcie fengitu az
muskovitu (Radvanec et al., 1994). Hodnota substiticie
AIYD+ 2Ti + Cr-1 vo vzorci chloritu zavisi od tlaku a rela-
tivne urcuje tlakové podmienky krystalizicie odli¥nych ge-
neracif chloritu v jednej vzorke (Laird in Bailey, 1988).

Progradna metamorf6za M2 medzi bodom A a A’:
zaciatok metamorfézy konglomeratu

Podstatna  Cast minerdlnej asocidcie v obliakoch
a llomkoch zo starSieho metamorfného procesu M1 ostala
na zaCiatku progradnej metamorfézy M2 medzi bodom A a
A’ stabilna (obr. 11). Je to Png,(Si = 3,07—3,15, Al,O; =
= 34—37 hmot. %, 0,40—0,47*) + <cast Grt +
+ inklizie Rtl; a P1,(Xan = 0,038—0,085) v Grt + Pl (por-
fyroblast Xan = 0,14 r—0,27 ¢) + Chl,(0,44—0,47*) + Bt
+ Hbl(0,39*) + Ilm, + C + relikt Ep + Spn, + Qtz.

Mengia ¢ast minerdlnej asocidcie zo starSieho meta-
morfného procesu v tomto useku rekrys3talizovala podla
reakcie 2 a 22:

2) 4Alm + 5Png + 12Rtl + 4Tr = 25 Qtz + 5Bt +
+ 12Ilm + Chl + 8An

22) 3Alm + 2Chl + 2Qtz + 9 Spn = 2Tr + 91lm +
+ 5An + 6H,0

Zadiatok progradnej metamorfézy M2 blizko bodu A
dobre zaznamenala resorpcia Grtg,(c-r = 73—74 %,
0,89%, Mg/Fe = 0,127) mlad§im Chl,(0,31*%, Mg/Fe =
= 2,140—2,233). Resorpcia prebehla pri tlaku P = 2—3
Kbar a teplote T = 320—340 °C (Kp&Ch, = 0,06;
Grambling, 1990). Chl, pravdepodobne resorboval Ca
a Mn bohaty a v tychto P-T podmienkach nestabilny
okraj Grt z metamorfného procesu M1 (obr. 1). Zonal-
nost granatu s homogénnym obsahom Fe v strede a na
Ca a Mn bohatym okrajom zistil Radvanec (1992) na gra-
nate chloritovo-biotitovej z6ény rulovo-amfibolitového
komplexu star§ej metamorfézy M1. Resorpcia granatu
chloritom (Chl,) sa skoncila v bode A’ (P =7 Kbar; T =
530 °C) na hranici rovnovahy Alm + H,O s FeChl(Chl,)
+ Qtz (Banno et al., 1986; Spear et al., 1995) alebo na
hranici reakcie 16, ktord je aj hranicou prechodu fécie ze-
lenych bridlic do albitovo-epidotovo-amfibolitovej alebo
amfibolitovej facie (obr. 11).

Anchimetamorféza konglomeratu (T = 200—250 °C,
P = 0—1 Kbar) charakterizuje po diagenetickom $tadiu zaCi-
atok progradnej metamorfézy M2 konglomeratu. V takych-
to P-T podmienkach je epidot az do teploty okolo 400 °C
mimo pola stability (obr. 11). Pri postupnom raste teploty
progradnej metamorfézy M2 aZ do tejto teplotnej hranice sa
povodny epidot z M1 v dehydratatnom procese resorboval
na plagioklas + kremeni £ Fe,O; (hematit). MnoZstvo
a povod hematitu v tmeli metakonglomerdtu méZme takto
odvodit od rozpadu epidotu. Podla experimentdlnych tdajov
hlavny rozpad epidotu nastal pri teplote 350—400 °C a tla-
ku 1—4 Kbar (Liou in Spear, 1995). Podla tohto zistenia
je pravdepodobné, Ze Cast plagioklasu (oligoklas) vznikla aj
rozpadom epidotu pri prechode progradnej metamorfézy M2
konglomeratu z prehnitovo-pumpellyitovej facie do ficie
zelenych bridlic (T = 350—400 °C). Podstatny objem pla-
gioklasu v metakonglomeréte je viak reliktom z metamor-
fozy M1 (obr. 4). Podla experimentov a modelovania P-T
podmienok prechodu fécie zelenych bridlic do epidotovo-
amfibolitovej facie je krytalizdcia alebo dehydratacny roz-
pad epidotu nevratny proces (Apted a Liou, 1983). To je
vysvetlenie, preco sa epidot, ale ani K Zivec na zaciatku
progradnej metamorfézy M2 v obliakoch a tlomkoch meta-
konglomeratu nezachovali. Rozpad alebo nestabilita epidotu
a K Zivca a vznik hematitu na zaciatku metamorfézy M2
vyznamne ovplyvnila dalsiu kry$talizdciu moZnych kritic-
kych Ca-Fe-Mg-Na silikatov v progradnej a retrogradnej vy-
sokotlakovej metamorféze M2,

Progradna metamorféza M2 medzi bodom B a B’:
teplotny vrchol metamorfézy

Progradna metamorf6za medzi bodom B a B’ reprezen-
tuje teplotny vrchol metamorfézy. Tlak a teplota pri nej
postupne réstli aZz do P-T podmienok v bode B’ (P = 11
Kbar, T = 600 °C). Medzi bodom A’ a B’ obmedzene
kryStalizovala minerdlna asociicia v poli stability, ktoré
ohraniCuje prava strana reakcie 2, 22 a 5 a lava strana
reakcie 17, 23, 19 (obr. 11):

2) 4Alm + 5Png + 12Rtl + 4Tr = 25 Qtz + 5Bt +
+ 12Ilm + Chl + 8An
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22) 3Alm + 2Chl + 2Qtz + 9 Spn = 2Tr + 91lm +
+ 5An + 6H,0

17) Chl + 4Qtz + 3Spn = Tr + 3Rtl + An + 3H,0

23) 35Alm + 24Chl + 10Png + 105Spn = 18Tr +
+ 10Bt + 1051lm + 69An + 78H,0

19) Tr + SRtl + Alm + 3H,0 = Chl + 3Ilm + 6Qtz +
+ 2Spn

5) Spn + 26Rtl + 10Bt + 2Chl + 17Alm = 9An +
+ 511lm + 10Png + 8Tr

V tejto Casti progradnej metamorfézy ostali stabilné
minerdlne asocidcie z bodu A’ a relikt minerdlnej asocia-
cie z metamorfézy M1. Vznikla aj novd asocidcia
Png,(Si = 3,2, ALO; = 30—32 %, 0,41—0,43%) +
Png,(Si = 3,3, ALL,O3;=31,4 %, 0,43*) + Act(0,33*—Tr)
na relikte Hbl + Chl, + Rtl, + Psb + Psr podla reakcie
2,22,17,23,19a5.

Zaliatok moznej kryStalizacie Act(0,33*—Tr) na relikte
Hbl alebo resorpciu hornblendu aktinolitom odhadujeme
pri tlaku P = 3 Kbar a teplote T = 410 °C (obr. 11). To je
spodna hranica stability Act v minerdlnej asocidcii Act +
+ Ep + Chl a zéaroven aj spodnd hranica koexistencie Act
a Hbl (Ernst, 1977, 1979). Krystalizacia Act na relikte Hbl
je v progradnej alebo retrogradnej metamorféze redlna az
v teplotnom intervale 510—560 °C a v tlakovom intervale
3,5—8 Kbar. Apted a Liou (1983) v rovnakych P-T pod-
mienkach experimentdlne potvrdili koexistenciu Act a Hbl
na hranici reakcie Chl + Ab + Ep + Act + Qtz = Hbl + Ab +
+ Ep + Qtz, ktora definuje prechod z epidotovo-amfibolitovej
facie do amfibolitovej facie, resp. albitovo-epidotovo-amfibo-
litovej facie do facie zelenych bridlic alebo naopak. Vrchni
hranicu teploty moZnej koexistencie Act—Hbl odhadol Spear
(1995) na T = 600 °C (obr. 11). V tych istych P-T podmien-
kach (medzi bodom A’ a B-B’) mladsi Rtl, ¢iasto¢ne resorbo-
val star$i a nestabilny Spn,; (obr. 10).

Retrogradna metamorféza M2 v bode C (tlakovy
vrchol metamorfézy) a v bode D

Zaciatok retrogradnej vetvy metamorfného procesu M2
charakterizuje minerdlna asocidcia v tlakovom vrchole
metamorfézy (bod C) a nasledujuce reakcie (obr. 11):

3) 3Chl + 24Ilm + 5Png + 15Qtz = 24Rt + 5Bt +
+ 8Alm + 12H,0

5) Spn + 26Rtl + 10Bt + 2Chl + 17Alm = 9An +
+ 51Ilm + 10Png + 8Tr

19) Tr + S5Rtl + Alm + 3H,0 = Chl + 3Ilm + 6Qtz +
+ 2Spn

17) Chl + 4Qtz + 3Spn = Tr + 3Rtl + An + 3H,0

16) 8Tr + 16Rtl + 5Png + 12H,0 = 5Chl + 5Bt +
+33Qtz + 16Spn

Minerélna asocidcia v P-T podmienkach bodu C a D
(P =12 Kbar, T = 600—550 °C) je vysledkom &iasto¢nej
rekryStalizacie minerdlnych asocidcii z teplotného vrcholu
metamorfézy B’ a CiastoCnej rekryStalizécie reliktu asocié-
cie M1. Krystalizacia minerdlov prebehla pod kontrolou
reakcie 3, 5, 19, 17 a 16 v poli stability minerdlnych
asocidcil pravej strany reakcie 5, 17, 16 a lavej strany
reakcie 3. Na zaCiatku retrogradnej metamorfézy (bod D)

krystalizoval v tmeli metakonglomerdtu vysokotlakovy
Png,(Si = 3,46, Al,O3 = 23,5—25,5 %, 0,45%*) + vyso-
kotlakovy Chl,(0,33*) + Chl»(0,33* s Cr,0;) + Pl,(Xan
=0,017—0,031) + Rtly(tmel) + Ti-Hem + Psb + Psr +
+ Qtz. Medzi teplotnym (bod B’) a tlakovym vrcholom
metamorfézy (bod C a D) ¢iasto¢ne rekryStalizoval Ilm,
na zmes Psb + Psr + Ti-Hem (obr. 8, 9). KryStalizacia
zmesi pseudobrookitu a pseudorutilu je podla teploty na
spodnej hranici existencie pseudobrukitu T = 585 °C
(Lindsley, 1965, in Lindsley, 1991; obr. 10). Albit (Pl,),
ktory pravdepodobne najviac krystalizuje v tejto Casti me-
tamorfézy, vidy obsahuje FeO v rozsahu 0,41—0,61
hmot. %, a to na rozdiel od plagioklasu z metamorfozy
M1, ktory FeO neobsahuje (obr. 4, tab. 2).

Retrogradna metamorf6za M2 medzi bodom E a E’

V retrogradnej metamorféze medzi bodom E a E* (P =
= 11—8 Kbar, T = 560—530 °C) krystalizovala v oblia-

Obr. 8. Oxidacia ilmenitu (Ilm,) zo star§iecho metamorfného procesu
MI na zmes pseudobrookitu (Psb) a pseudorutilu (Psr) v metamorfnom
procese M2. Na okraji a v trhlindch pévodného zrna Ilm; v zavere
oxidacie krystalizoval Ti hematit (Ti-Hem). Oxiddcia prebehla podla
rovnice 2Ilm, + O, = Psb + Ti - Hem v teplotnom vrchole metamorf6-
zy M2 (T = 585—600 °C) v poli stability pseudobrookitu (obr. 10).
Vzorka SH-9. Analyzy st v tab. 2.

Fig. 8. Oxidation of ilmenite (Ilm;) from the older metamorphic pro-
cess M1 to the mixture of pseudobrookite (Psb) and pseudorutile (Psr)
in metamorphic process M2. In the final stage of oxidation in the rim
and fractures of the original grain Ilm, there crystallized the Ti-hema-
tite (Ti—Hem). The oxidation is expressed by equation 2Ilm + O, =
= Psb + Ti—Hem in the temperature peak of metamorphism M2 (T =
= 585—600 °C) in the stability field of pseudobrookite (Fig. 10).
The sample SH-9. Analyses are in Tab. 2.
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Obr. 9. Zmena minerédlnych fiz v systéme FeO—TiO,—Fe,0;. Pole
stability minerdlnej asociacie Rtl + Psb + Hem, Rtl + Psb, Psb + Hem
a Rtl + Hem je podla Lindsleya (1991). Oxidacia ilmenitu (1lm,) zo
star§ej predvestfilskej metamorfézy M1 na zmes pseudobrookitu
(Psb) + pseudorutil (Psr) + Ti hematit (Hem) je v mlad$ej metamorfé-
ze M2 prevazne v poli stability Rtl + Psb £ (Psr). Cast analyz je v poli
stability Rtl + Psb + Hem, resp. Rtl + Hem. Nemie3ateInost koexistuju-
cich faz Ilm,—Psb + Psr — Ti-Hem (obr. 8) alebo koexistujicich faz
Rtl,—Ilm, —Hem (obr. 6) je vymedzena $rafovanym polom. Analyzy
su v tab. 2.

Fig. 9. The change of mineral phases in the system FeO—TiO,—
—Fe,0;. The stability field of the mineral association Rtl + Psb +
+ Hem, Rtl + Psb, Psb + Hem and Rtl + Hem is according to Lindsley
(1991). Oxidation of ilmenite (Ilm,) from the older pre-Westphalian meta-
morphism M1 to mixture of pseudobrookite (Psb) + pseudorutile (Psr) +
+ Ti—hematite (Hem) is in younger metamorphism M2 prevailingly in
the stability field Rtl + Psb + (Psr). Part of analyses is in the stability field
Rtl + Psb + Hem, resp. Rtl + Hem. Miscibility gap of coexisted phases
Ilm, - Psb + Psr—Ti—Hem (Fig. 8) or coexisting phases Rtl, —Ilmy,—
—Hem (Fig. 6) is allocated by cross-hatched field. Analyses are in Tab. 2.

koch a ulomkoch asocidcia, ktora tplne premenila povod-
ny a do tohto bodu stabilny biotit z metamorfézy M1 na
zmes Png,(Si = 3,34, ALLO; = 28—29 %, 0,43*) +
Chl,(0,33—0,39%*) + Rtl, v pdvodnej oblasti zrna biotitu.
Spn, po ¢iasto¢nej resorpcii Rtl, v progradnej metamorfé-
ze rekryStalizoval v povodnej oblasti zrna na zmes Rtl, +
Ilm, (obr. 6, 9, 10). Na okraji porfyroblastu P, krystali-
zoval Pl, = (Xan = 0,02) vo forme lemu okolo celého jad-
ra porfyroblastu. Na vonkajom okraji lemu Chl, okolo
Grtpy(c—1 = 73—74 %, 0,89%) a na kontakte pévodného
zrna Grt s matrixom kryS§talizoval Chl;(0,49—0,81%),
¢im sa ukoncila resorpcia granatu chloritom (obr. 1, 3).

PrevaZne v tmeli metakonglomerdtu kryStalizovala aso-
ciacia Pl,(Xan = 0,001—0,012) + Chl;(0,45—0,49%) +
+ Chl3(0,49*% s Cr,0O3) + Hem + inkluzie Cal(0,30%)
v Hem + Qtz.

Krystalizdcia minerélnej asociicie medzi bodom E a E’
je vysledkom tychto reakcii:

5) Spn + 26Rtl + 10Bt + 2Chl + 17Alm = 9An +
+ 51Ilm + 10Png + 8Tr

19) Tr + SRtl + Alm + 3H,0 = Chl + 3Ilm + 6Qtz +
+ 2Spn

16) 8Tr + 16Rtl + 5Png + 12H,0 = 5Chl + 5Bt +
+ 33Qtz + 16Spn
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Obr. 10. Stabilita minerdlnych asociacii podla experimentdlnych ddajov
ako funkcia teploty a fugacity fo, pri tlaku Py, = 7 Kbar. Udaje su
z experimentov, reakcii prechodu facie zelenych bridlic (Chl + Ab + Ep +
+ Act + Qtz) do epidotovo-albitovo-amfibolitovej facie (Hbl + Ab + Ep +
+ Qtz) az amfibolitovej facie (Hbl + Pl + Qtz) podla Apteda a Lioua
(1983). Hranica stability hematit — magnetit a nemieSateInost Hem — Ilm
st podla Speara (1995). Hranica stability ilmenit—Ti hematit, NNO,
OFM a pole stability titanitu (sphene in) st podla Speara (1981). Hranica
stability pseudobrookitu (Psb+) je podla Lindsleya (1991). Oxidacia tita-
nitu (Spn,, obr. 6) zo starSej metamorfézy M1 pred vestfalom prebehla
v postvestfalskej, mladiej progradnej metamorféze M2 medzi bodom A
a A’. Krystalizacia pseudobrookitu (Psb) + pseudorutilu na relikte star-
Sieho ilmenitu (Ilm,, obr. 8) prebehla v teplotnom vrchole metamorfozy
M2 v poli stability Psb+ medzi bodom B, B> a C. V retrogrddnej meta-
morféze M2 prebehla oxidacia Spn, + Rtl, na IIm, + Hem (obr. 6) v poli
stability hematitu medzi bodom D, E a E’. Body T-fo, drdhy metamorf6-
zy M2 st zhodné s bodmi na P-T drahe metamorfozy M2 (obr. 11).
M 1—pozicia stardej nizkotlakovej amfibolitovej ficie metamorfozy M1
je v poli stability ilmenitu (podla udajov Radvanca, 1992, 1994).

Fig. 10. Stability of mineral assemblages according to the experimental
data in relation to temperature and fugacity fo, in pressure Py q = 7 Kbar.
Data are from experiments-reactions of transition from green-schists fa-
cies (Chl + Ab + Ep + Act + Qtz) to epidote-albite-amphibole phacies
(Hbl + Ab + Ep + Qtz) and to amphibolite phacies (Hbl + PI +
+ Qtz) according to Apted and Liou (1983). The stability limit of hematite—
—magnetite and miscibility gap Hem—Ilm are according to Spear (1995).
The stability limit of ilmenite—Ti-hematite, NNO, OFM and the stability
field of titanite (sphene in) are according to Spear (1981). The stability
limit of pseudobrookite (Psb+) is according to Lindsley (1991). The oxi-
dation of sphene (Sphy; Fig. 6) from the older pre-Westphalian meta-
morphism MI realized in post-Westphalian, younger prograde meta-
morphism M2, is between points A and A*. The crystallization of pseu-
dobrookite (Psb) + pseudorutile on relict of older ilmenite (IIm,; Fig. 8) was
in temperature peak of metamorphism M2 in the stability field of Psb+ be-
tween points B, B> and C. In the retrograde metamorphism M2 Spn, + Rtl,
were oxidized to Ilm, + Hem (Fig. 6) in the stability field of hematite be-
tween points D, E and E. The points of T—fo, path of metamorphism M2
are coincident with points on P—T path of metamorphism M2 (Fig. [1). M1
- position of older low-pressure amphibolite facies metamorphism M1 in the
stability field of ilmenite according to data of Radvanec (1992, 1994).

1) Spn + 2Rtl + Alm = An + 3Ilm + 2Qtz

Koniec retrogradnej metamorfézy prebehol pri tlaku
P = 8 Kbar a teplote T = 530 °C na hranici reakcie Alm +
+ H,0 = FeChl, resp. na hranici reakcie 16. Podla Grt-
-Chl geotermometra (Grambling, 1990) sa na tejto hrani-
ci skoncCila aj resorpcia granitu Fe-Chl; pri teplote
T = 480—530 °C (obr. 11).
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Obr. 11. P-T draha postvestfélskej metamorfézy M2 konglomeratu
s ulomkami a obliakmi metamorfitov nizkotlakovej ficie zelenych
bridlic az amfibolitovej facie predvestfalskej metamorfézy M1. Sivou
Sipkou st spojené P-T podmienky vzniku fengitu Png, v metamorféze
M1 s diagenetickym aZ anchimetamorfnym §tddiom metakonglomera-
tu na zaCiatku progradnej metamorfézy M2. Hodnota 3,1 aZ 3.5 re-

Parcidlny tlak kyslika v konglomerate
pri metamorféze M2

Krystalizdcia Fe-Ti oxidov (magnetit — hematit — il-
menit — rutil) a $tddium ich vztahu sd spolahlivym in-
dikatorom parcidlneho tlaku O v metamorfite. Vieobecne
plati, Ze ¢im je hodnota fugacity O vyjadrend v log fo,
vy8Sia, tym vys3i bol tlak O pri metamorféze. V meta-
morfitoch je Casto Po, = Pryy, hlavne v uzavretych systé-
moch pre fluidnd fazu, a tak mame, aj ked sprostredkova-
ne, spolahlivy ddaj o zmene tlaku pocas oxidacie, meta-
morfézy horniny.

V oxidovanych horninach sa krystalizacia oxidov zistila
v asocidcii Hem + Ilm + Rtl alebo sa v nich objavuje
asocidcia Hem + Rtl, alebo len dvojica Mag + Hem. II-
menit s rutilom v oxidovanej hornine krystalizuji spolu
s chloritom. S rastiicou oxiddciou v tejto asociacii krysta-
lizuje aj Ilm, ktory v najvy$om stupni oxidécie dosahuje
aj najvysSiu hodnotu molekuly ilmenitu v hematite.

prezentuje obsah Si vo fengite az muskovite podla Massoneho
a Schreyera (1987). V P-T podmienkach mlad$ej metamorfézy M2 je
fengit (Png,) v Glomkoch a obliakoch stabilnou fazou zo star3ej meta-
morfézy M 1. Mladsi fengit (Png,) kry§talizoval v progrddnej a na za-
¢iatku retrogradnej metamorf6zy M2. Spodna hranica koexistencie
Act—Hbl je podla Ernsta (1977, 1979). Zarovei je to aj hranica stabi-
lity +Ep/Ep—podla Apteda a Lioua (in Spear, 1995). Hranica pola
stability glaukofanu (Gln+) je podla Marescha (1977). Reakcia Alm +
+ H,0 = FeChl + Qtz je podla Banna et al. (1986). Cisla pri reakciach
oznaluju rovnovazne reakcie podla vypocétov z programu Geocalc
(Berman, 1987). Podrobne v texte. T\—teplota resorpcie granatu
chloritom odvodend z Grt-Chl geotermometra medzi reliktom granatu
zo star§ej metamorfézy M1 a Chl, na zaciatku progradnej metamorfo-
zy M2 (Granmbling, 1990). T,—teplota resorpcie grandtu mlad§im
chloritom (Chl;) na konci retrogradnej metamorfézy M2 (obr. 1). Bod
A a A’—zadiatok progradnej postvestfalskej metamorfozy M2;
B a B’—teplotny vrchol metamorfézy M2; C—tlakovy vrchol meta-
morfézy M2; D-—zacdiatok retrogradnej metamorfézy M2;
E a E’—retrogrddna metamorf6za M2.

Fig. 11. P-T path of post-Westphalian metamorphism M2 of conglo-
merate with fragments and pebbles of metamorphites of low-pressure
green-schists facies to amphibolite facies of pre-Westphalian meta-
morphism M1. The grey arrow connects P-T conditions of the phengi-
te-Png, origin in metamorphism M1 with diagenetic to anchimeta-
morphic stage of metaconglomerate in the beginning of prograde me-
tamorphism M2. Values 3.1 to 3.5 represent the Si content in phengite
to muscovite according to Massone and Schreyer (1987). In the P—T
conditions of lower metamorphism M2 the phengite (Png,) represents
the stabil phase in fragments and pebbles from older metamorphism
MI. Younger phengite (Png,) crystallized in prograde and in onset of
retrograde metamorphism M2. The lower limit of coexistence Act-Hbl
is according to Ernst (1977, 1979), hereby it is the limit of stability of
+Ep/Ep-; according to Apted and Liou (in Spear, 1995). The stability
limit of glaucophane (Gln+) is according Maresch (1977). Reaction
Alm + H20 = FeChl + Qtz is after Banno et al. (1986). Numbers pre-
sent near reactions depict the equilibrium reactions according the
calculations by software Geocalc (Berman, 1987). For details see text.
T,—temperature of resorbtion of garnet by chlorite, derived from
Grt—Chl geothermometer between relict of garnet from the older me-
tamorphism M1 and Chl2 in the onset of prograde metamorphism M2
(Granmbling, 1990). T, —temperature of garnet resorbtion by younger
chlorite (Chly) in the end of retrograde metamorphism M2 (Fig. 1).
Points: A and A’—onset of prograde post-Westphalian metamorphism
M2; B and B’—temperature peak of metamorphism M2; C—pressure
peak of metamorphism M2; D—onset of retrograde metamorphism
M2; E and E’—retrograde metamorphism M2.

V dostato¢ne oxidovanych horninach sa postupne nachad-
za asocidcia Ilm + Hem + Rtl + Chl alebo Hem + Rtl +
+ Chl, pricom Chl mé nizky pomer Fe/(Fe + Mg)*.
V naSom pripade je to vysokotlakovy Chl,(0,33%).
Koexistujici Rtl + IIm kryStalizuje pri nizkom pomere
Fe/(Fe + Mg) na hranici facie zelenych bridlic a v amfi-
bolitovej facii metamorfézy, kde Rtl + Ilm nahradza pred-
tym stabilnt asocidciu Rtl + Mag (Cassidy a Craves,
1988, in Lindsley, 1991; Spear, 1995). V ultravysokotla-
kovej metamorféze je ilmenit opdt nahradeny rutilom
(Frost in Lindsley, 1991).

Fe-Ti oxidy v metakonglomerdte zastupuje asocidcia
Ilm, + Rtl; + Ilm, + Rtl, + Psb + Psr + Ti—Hem +
+ Hem, ktord predstavuje postupni oxidéaciu obliakov
a ulomkov konglomeratu pri rasticom tlaku v metamor-
f6ze (tab. 1). Prvy T-fo, zdznam oxidacie sa zacal Ciastog-
nou rekryStalizdciou Spn, na Rtl, na hranici stability tita-
nitu a v poli stability ilmenitu v teplotnom rozsahu
500—550 °C s hodnotou log fo, = -23 az -26 v prograd-
nej metamorféze blizko bodu A’ (obr. 9, 10). Je pravde-
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podobné, Ze sa rozklad Spn, zacal uZ pri niZ8ej teplote
(cca 400 °C) v progradnej metamorféze medzi bodom A
a A’ podla reakcie (Lindsley, 1991) Spn; + CO, — Ritl, +
+ Cal + Qtz (kalcit sme zistovali zriedka a vZdy len uzav-
rety v hematite). Oxid4cia konglomeratu potom pokraco-
vala pri vy$§om tlaku a teplote 585 °C, ¢o je spodnd hra-
nica existencie pseudobrookitu (Lindsley, 1965, in Lind-
sley, 1991), a zodpoveda progradnej metamorféze medzi
bodom B a B’. Pseudobrookit, pseudorutil a Ti hematit tu
nahradili Ilm, v poli stability Rtl + Psb + Hem—Rtl +
+ Psb—Psb + Hem (obr. 8, 9). Tato rekrystalizacia pre-
behla pri teplote 585—600 °C najprv na hranici stability
ilmenitu a Ti hematitu a titanitu log fo, = -22 az -18.
Neskor pri vy§§om tlaku a rovnakej teplote zmes Psb +
Psr rekrystalizovala Ilm; v poli stability Ti-Hem, v poli
stability titanitu a v poli nemieSatelnosti Hem-Ilm (obr.
10). V tejto Casti oxid4cie metakonglomeratu bola hodno-
ta log fo, = -18 aZ -16 a stupeii oxidacie zodpovedal tep-
lotnému a tlakovému vrcholu metamorfézy M2 medzi
bodom B’, C a D (obr. 11). Posledny stupeii oxidécie pri
nizSom tlaku a niZsej teplote (550—530 °C) reprezentuje
zacCiatok chladnutia a postupnua krystalizdciu Ti—Hem,
Cr—Hem a Hem v tmeli metakongomerétu, t. j. v pod-
mienkach stability Hem pri hodnote log fo, = -15 az -17.
Zaver metamorfozy pri teplote 520—530 °C a hodnote
log fo, = -19 v retrogrddnej metamorfdéze reprezentuje
kryStalizdcia Ilm, + Rtl, na relikte Spn,, ktord prebehla
v poli stability titanitu a v poli nemieSatelnosti hematitu
a ilmenitu. Tento stupeii oxidacie zodpoveda retrogradnej
metamorféze medzi bodom D, E a E’ (obr. 6, 10, 11).

Podla rekonS$trukcie P-T-fo, cesty a metamorfnych
reakcii ostala v zdvere retrogradnej metamorfézy stabilnd
minerélna asocidcia Chl; + Png, + Hem + Chl, + P, +
+ Act + Spn, + Rtl, + Ilm, + Ti-Hem + Psb + Psr +
+ Tur, + Qtz spolu s Castou minerdlnej asocidcie z pro-
gradnej metamorfézy M2 a spolu s reliktmi asocidcie
z metamorfného procesu M1 (Grty,,, + Hbl + Png, +
+ Chl, + PI; + Spn; + Ilm; + Tur; + C + Ap + Qtz).

Diskusia o petrotektonickom vyzname P-T driahy
metakonglomeratu

P-T-fo, drahy postvestfalskej metamorfézy konglomeratu
M2 charakterizuje oxidécia klastického materidlu v P—T
podmienkach diagenézy fécie zelenych bridlic na zaciatku
progradnej a na konci retrogradnej metamorf6zy. Vo vrcho-
le metamorfézy dosiahli P-T podmienky hranicu stability
plagioklasu vo vrchnej Casti albitovo-epidotovych amfibo-
litov az v eklogitovej facii podla klasifikacie Ernsta (1988)
a Bousqueta et al. (1997). Izotermicka retrogradna P-T ces-
ta metakonglomeratu nasledovala pozdiZ progradnej cesty
s podobnym priebehom metamorfézy, ako majui tektonické
bloky zo zavesenej steny pasivneho okraja kontinentu
v komplexe Franciscan (Ernst, 1988; Ernst et al., 1994).
Takyto priebeh P-T cesty md podla Cloosa (1993) meta-
morfdza v ,teplom” type subdukcie s gradientom rastu tep-
loty v subdukcii 10 °C/km a s rychlostou subdukovaného
materidlu 2 cm/rok. Tieto zistenia a porovnania P—T drahy
postvestfalskej metamorfézy konglomeratu interpretujeme

ako prejav vysokotlakovej metamorfézy zo subdukenej z6-
ny, ktord po vestfali vznikla v gemeriku ako vysledok
kontinentélnej kolizie. Sposob navratu alebo exhumacie
metakonglomerdtu spét do akre¢nej prizmy gemerika moZ-
no nateraz iba predpokladat. Priebeh retrogradnej metamor-
fozy je izotermicky a indikuje rychlu exhuméciu metakon-
glomeratu z P-T podmienok vysokotlakovej metamorfézy
subduk¢nej zony pri nezmenenej teplote 530—550 °C
(obr. 11). Vhodny geotektonicky model tejto rychlej izoter-
mickej exhumécie materidlu zo subduk&nej zony reverznym
pohybom astenosféry po subdukcii materidlu z akrene;j
prizmy zrekonstruoval Ernst et al. (1994). Menej pravdepo-
dobna je exhumécia subdukovaného materidlu zo subdukcie
s malym sklonom podsivania, ktord je podla Cloosa
(in Spear, 1995) spita s tokom melanZe hornin v podstate
v pasivnom akrednom kline. Podla tohto modelu pohyb
subdukovaného a exhumovaného materidlu v akre¢nom
kline zavisi len od sklonu a rychlosti pohybu plochy sub-
dukcie pod pasivnym akre¢nym klinom. Za nepravdepo-
dobny sposob exhumécie metakonglomeratu na povrch po-
kladdme model Platta (in Spear, 1995). Jeho model je zalo-
Zeny na plytkom uhle subdukcie s tvorbou reverznych
imbrikdcii a vras pod zavesenym akre¢nym klinom alebo na
jeho baze. Materidl v tychto vrasach moZe byt metamorfo-
vany v podmienkach vysokotlakovej metamorfézy. Plattov
model exhumdcie metamorfitov na povrch je podmieneny
extenznou tektonikou, ktord je zaloZend od povrchu a pod-
mienend aj rychlostou exhumdcie, vyrazne zdvislej aj od
rychlosti erézie zaveseného akre¢ného klinu. Priebeh retro-
gradnej P—T cesty v tomto type exhumdcie nie je izoter-
micky ako v naSom pripade, a preto Plattov model exhuma-
cie metakonglomeratu na povrch v zavesenom akre¢nom
kline gemerika povazujeme za najmenej pravdepodobny.

Zaver

Metakonglomerdt vestfalskeho veku patriaci do rud-
nianskeho stvrstvia je na lokalite Rudfiany-Svinsky hrb
hruboklasticky a polymiktny. Klasty sii prevazne z remo-
bilizovanej ruly a amfibolitov z rulovo-amfibolitavého
komplexu star§ieho paleozoika gemerika. Tmel metakon-
glomerédtu je prevazne zeleny, ale aj hnedolerveny.
Povodny konglomerat bol po vestfali metamorfovany
v metamorféze M2.

Zistili sme, Ze prevaha minerdlov v klastoch metakon-
glomerdtu kry$talizovala v starSom metamorfnom proce-
se M1 a zvy$ok v mladSom ¢asovo oddelenom meta-
morfnom procese M2. Minerdlne asocidcie z M1 ostali
sCasti stabilné aj v P-T podmienkach metamorfézy M2
a spolu s novou minerdlnou asocidciou tento mladsi me-
tamorfny proces charakterizuji. Relikty pevnych faz
(M1) kritickych metamorfnych minerdlov (Grty,,, + Hbl +
+ Png, + Pl; + Chi; + Rtl; + Spn; + Ilm; + Tur, + C +
+ Ap + Qtz) st v metamorfnom procese M2 stucastou nové-
ho metamorfného krystaliza¢ného systému spolu s mineral-
nou asocidciou M2 (Act + Png, + PL,(Ab) + Chl,; + Hem
+ Ti-Hem + Psb + Psr + Ilm, + Rtl, + Spn, + inklizie
Cal len v Hem + Tur, + Qtz). Titanit (Spn,) z metamor-
fozy M1 rekrystalizoval v metamorfnom procese M2 na
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zmes Rtl, + Ilm,. Ilmenit (Ilm,) rekryStalizoval na zmes
Ti hematitu, pseudorutilu a pseudobrookitu pri teplote na
spodnej hranici existencie pseudobrookitu medzi 585—
600 °C. Nizkotlakovy a vysokoteplotny Png, (Si =
= 3,07—3,15, ALO; = 34—37 hmot. %, 0,40—0,47%)
ostal v P-T podmienkach metamorfézy M2 stabilny.
V metamorfnom procese M2 kryStalizoval prevazne
v tmeli metakonglomerdtu vysokotlakovy a nizkoteplot-
ny Png, (Si = 3,2—3,46, Al,0;=25,5—31,5 %, 0,41—
—0,45%). Metamorfné minerdlne asociacie M1 + M2
kryStalizovali v rdmci prvkovej asocidcie oxidov a silika-
tov systému Si—Al—(Ca)—Ti—Fe—Mg—Na—K—
—O—H na zaliatku progradnej metamorfozy M2
v anchimetamorfnom $tddiu konglomeratu bez nestabilné-
ho epidotu (M1).

Z Zasovej postupnosti kryStalizacie minerdlnych asocia-
cii, z metamorfnej reakcie 1—23 a vztahov v postupnosti
kryStalizacie Png,(nizkoP/vysokoT) a Png,(vP/nT), niz-
kotlakového Chl,, strednotlakového aZ vysokotlakového
Chl,, strednotlakového az nizkotlakového Chls, z krySta-
lizdcie Act na okraji Hbl, z resorpcie grandtu Chl, a Chls,
z rekryStalizdcie Ilm,; na Psb + Psr + Hem a z rekrystali-
zacie Spn; na Rtl, a Ilm, sme urobili nasledujtcu rekon-
Strukciu P-T-fo, drdhy metakonglomeritu v metamorf-
nom procese M2.

Zaliatok progradnej metamorfézy M2 zaznamenala re-
sorpcia reliktu granatu Gripy,(c—r = 73—74 %, 0,89%,
Mg/Fe = 0,127) mlad§im Chl,(0,31*, Mg/Fe = 2,140—
—2,233). Resorpcia prebehla pri tlaku P = 2—3 Kbar
a teplote T = 320—340 °C (Ko, = 0,06). Resorpcia
granatu chloritom, v progradnej metamorfdze sa skoncila pri
tlaku P = 7 Kbar a teplote T = 530 °C na hranici rovnovédhy
Alm + H,0 s FeChl + Qtz v strednotlakovej metamorféze
alebo na hranici prechodu facie zelenych bridlic do amfiboli-
tovej facie, resp. albitovo-epidotovo-amfibolitovej facie.

Zaciatok kryStalizdcie Act(0,33*—Tr) na relikte Hbl
alebo resorpciu hornblendu aktinolitom odhadujeme pri
tlaku P = 3 Kbar a teplote T = 410 °C. Redlna krystaliza-
cia Act na relikte Hbl v progradnej metamorfdze prebie-
hala pri teplote 520—600 °C a tlaku 3,5—8 Kbar, ¢o je
zarovei aj teplotny vrchol metamorfézy M2.

Z vypocCtu fazovych rovnovah a opisu P-T driahy sme
zistili, Ze konglomerat metamorfovany v postvestfalskej
metamorféze M2 zaznamenal v tlakovom vrchole meta-
morfézy tlak P = 12 Kbar a teplotu T = 600—550 °C.
Na konci retrogradnej metamorfézy bol tlak P = 8 Kbar
a teplota T = 520—530 °C. Postupni oxidéciu obliakov
a kryStalizaciu tmelu metakonglomeratu v zhode s P-T
drdhou metamorfézy M2 zaznamenali aj Fe-Ti oxidy.

Za geotektonické pozadie metamorféozy M2 pokladdme
subduk¢ni zonu, ktord vznikla po vestfali v gemeriku
ako vysledok kolizie kontinentalnych blokov. Sposob ex-
humdcie vysokotlakovo metamorfovaného konglomeratu
zo subdukcie na povrch je predmetom dalSieho $tddia.
Nateraz sa priklaname k modelu rychlej exhumadcie meta-
konglomeratu, ktord nasledovala bezprostredne po sub-
dukcii materidlu reverznym pohybom astenosféry. Tento
model najlepSie vysvetluje izotermicky priebeh retrograd-
nej metamorfozy metakonglomeratu.
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High-pressure metamorphism of pre-Upper Carboniferous conglomerate
from the Rudtiany—Svinsky hrb locality in the northern Gemericum

On the north of Gemericum (Western Carpathians) near Rudiia-
ny-Svinsky hrb area the metaconglomerate, basically includes po-
lymict clasts 1—7 cm wide as a mixture of the gneiss (metasemipe-
lite) and amphibolite issued from the Lower Carboniferous
(320—370 Ma; Kantor in Cambel et al., 1990). Clasts occur as the
relict of an earlier regional metamorphism M1 of low-pressure
(3—4 Kbar) condition, well distinguished in the chlorite-biotite
(500 °C), biotite (550 °C) and cummingtonite (650 °C) zone,
respectively (Radvanec, 1992, 1994). The metaconglomerate
belongs to the Rudiiany Carboniferous sedimentary Formation
rich of black schales, metaconglomerate and sandstone, being for-
med under diagenetic P—T conditions in apparent Paleozoic-
-Westphalian age (Rakusz, 1932; Némejc, 1947; Fusén in Vozéro-
va and Vozdr, 1988). After Westphalian, it was again metamorpho-
sed in high-pressure metamorphism M2. Green and white clasts are
accompanied with the green to green—brown rock cement or mat-
rix which includes hematite + chlorite +actinolite + albite + quartz,
building a structure of the metaconglomerate.

The metaconglomerate occurs in two modes of mineral assem-
blages: The earlier, formed with mineral assemblage as the relict of
the MI-metamorphism (Grtyy, + Hbl + Png; + P, + Chl, + Rtl; +
+ Spn,; +Ilm, +Tur; + C + Ap + Qtz) crystallized in clasts. This mi-
neral assemblage directly belongs to the metamorphic event M1
that was stable in the younger M2-metamorphism. After Westpha-
lian age, the second and younger mineral assemblage M2 (Act +
+ Png, + Pl,(Ab) + Chl, 5 + Hem + Ti-Hem + Psb + Psr + Ilm, + Rtl,
+ Spn, + inclusions Cal in Hem + Tur, + Qtz) crystallized in the
high-pressure metamorphism (Tab. 1). These two modes of mine-
ral assemblages characterize P-T conditions of the high-pressure
metamorphism M2 in the metaconglomerate.

An overprint, replacement and recrystallization is well distin-
guished in metaconglomerate. From the M1-mineral assemblage,
the sphene (Spn;) had been partly replaced by the M2-metamorp-
hism to the rutile (Rtl,) + ilmenite (Ilm,; Fig. 6). The ilmenite
(Ilm;) was replaced to the Ti-hematite, pseudorutile (Psr) and pseu-
dobrookite (Psb) near the temperature 585—600 °C (Fig. 8, Tab.
2). The phengite-Png, (Si = 3.07—3.15, ALO; = 3437 wt. %,
0.40—0.47%), formed at the low pressure and high temperature con-
ditions of the metamorphism M1, was stable in the metamorphism
M2. Younger M2 metamorphism formed a high-pressure phengite
Png, (Si = 3.2—3.46, Al,O;= 25.5—31.5 %, 0.41—0.45*) name-
ly in the rock cement of metaconglomerate (Fig. 7, Tab. 2).

According to the observed minerals the Si—Al—(Ca)—Ti—Fe—
—Mg—Na—K—O—H system was used by the Geocalc software
(Berman, 1987) and calculated 23 reactions without the epidote
which occurs unstable in the diagenetic stage, related to beginning
of the prograde metamorphism M2. Based on the calculation of 23
reaction, and the relationship between of Png, (LP/HT) and Png,
(HP/LT; Fig. 7), on the relationship between relict of Chl, and
HP Chl,-LP Chl; (Fig. 3), on the replacement of Hbl by Act
(Fig. 5), on two stepping resorbtion of Grt by Chl, and Chl,
(Fig. 1), on the relationship of Pl; and Pl, (Fig. 4), on the replace-
ment of Ilm, to Psb + Psr + Hem (Fig. 8) and based on the replace-
ment of Spn, to Rtl, + [lm, (Fig. 6), there have been reconstructed
P—T—fo, paths (Figs. 10 and 11) of the prograde and retrograde
HP metamorphism (M2) as follows.

The beginning of the prograde metamorphism saved the
resorbtion of the Ml-relict Griyy, (¢c-r = 73—74 %, 0.89%,
Mg/Fe = 0.127) by Chl, (0.31%, Mg/Fe = 2.140—2.233) under
the pressure P = 2—3 Kbar and the temperature T = 320—340 °C
KO-ty = 0.06), using the Grt-Chl thermometer (Grambling,
1992; Figs. 1, 2 and 3). On the boundary Alm + H,O = FeChl +
+ Qtz, the end of the resorbtion by Chls reached pressure
P = 7 Kbar and temperature T = 530 °C in retrograde metamor-
phism (Figs. 1, 10 and 11).

Act in the temperature range T = 520—600 °C and pressure range
P = 3.5—8 Kbar replaced hornblend, which was earlier formed by
the M1-metamorphism closing the prograde and showing the tem-
perature-peak of the M2-metamorphism (Fig. 5).

The pressure-peak was estimated around P = 12 Kbar; T = 600—
—3550 °C and according to the results, the retrograde metamor-
phism stopped at the P = 8 Kbar and T = 520—530 °C (Fig. 11).
Similar P-T metamorphic conditions show the T-fo, path as well
(Fig. 10).

P—T diagram is showing P—T path similar to the Franciscan-
tectonic block type of HP metamorphism similar to the model
of subduction zone proposed by Emst (1994). Our type is charac-
terized by a return path that is generally along the same P—T
trajectory as the prograde path of the metamorphism showing
clear decompression in same temperature conditions as the pro-
grade path. This indicated a quick exhumation of the HP—meta-
morphosed material (metaconglomerate) from the subduction
zone that had been formed by a continental collision after
Westphalian age in Gemericum.
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Abstract

Alpine structure of Western Carpathians preserve several tectonically bounded relicts of older
Variscan orogeny. Crmelicum is a metasedimentary belt cropping out between the Tatro-Veporicum
domain of Carboniferous plutons and older crystalline basement rocks and the Gemericum domain
of oceanic crust and island arc elements. Its lithological development reflects the initial phase
of Paleote-thys subduction underneath southern margin of the Intra-Alpine terrain.

Sedimentation in fore-arc region followed emplacement of ophiolites and exhumation of high-grade
metamorphics during the evolution of the Gemericum accretionary prism. Outer ridge of the subduction
complex was dominant in sediment supply, whereas active arc of Veporicum played only minor role.
Possible oblique subduction of Paleotethys caused substantial paleobathymetric relief, affecting distribu-
tion of facies associations of major sedimentary systems of the basin.

Only smaller size rimmed carbonate platform fringing emergent accretionary complex and minera-
logically mature sediments of the Veporicum inner shelf represent preserved shallow marine setting,
while the rest of the basin fill is formed by deeper marine facies. Basin axis parallel elongate system
of sheet-like mafic sandstones and mudstones interdigitates to minor extent with transverse multiple or
line source fed slope-apron conglomeratic debrites and high density currents deposits on the Gemeri-
cum side and with limestone bearing bathymetric barriers dividing it from sand-rich small size fans

sourced from Veporicum arc and cratonic interior.
Generally quartz-rich modal composition of the Crmelicum Carboniferous fore arc sandstones
reflects its complex tectonic history and influence of nearby continent.
In order to reconstruct polyphasely deformed lithological units of basin fill, virtually free of fossils,
multivariate statistical methods using variety of quantifiable compositional data were employed to cor-
relate sections and relate them to possible source areas.

Key words: Western Carpathians, Variscides, Carboniferous, fore arc basin fill

Introduction

In the Western Carpathian orogenic system there are se-
veral remnants of Variscan orogenic cycle preserved. Epi-
Variscan crustal fragments, which during Mesozoic and
Tertiary became part of main Paleo-Alpine units of the
Western Carpathians, contain record of Late Paleozoic
subduction, collision and transform processes.

Alpine tectonic cycle extension and compression (e.g.
Mahel, 1986) destroyed substantial part of the original
Late Variscan basins and their basement, which caused
the main complication for present day attempts to recon-
struct this orogen in the Western Carpathians. Apart from
incomplete stratigraphic successions and often ambiguous
facies relationships, another problem is the lack of suffi-
cient age constraints, mainly because of the scarcity of
fossils in Paleozoic sequences and varying degree of defor-
mational and metamorphic overprint.
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Crmelicum, an Alpine tectonic unit (Kozur and Mock,
1995), consisting predominately of Late Paleozoic sedi-
mentary rocks, is situated in the contact zone of two
main Variscan domains of the Western Carpathians. To
the north it borders on the Tatro-Veporic domain, which
comprises terranes with maximum manifestations of
magmatism and metamorphism, associated with a conver-
gent subductional regime (Hovorka et al., 1992). In the
present Alpine structure of the domain, elements of con-
verging margins, i.e. the remnants of magmatic arc, or
eventually back-arc basins, associated with the Variscan
orogeny, as well as probable fragments of a Precambrian
crust are present (Vozarova and Vozar, 1992). To the
south Crmelicum borders on the terranes of the Gemeri-
cum domain, which represent different relicts of plates
with oceanic to transitional crust (P. Grecula, 1982). Va-
riscan remnant is composed of tectonically squeezed sca-
les of oceanic crust and associated sediments (Rakovec
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and Klatov complexes) and according to some authors
(Hovorka et al., 1992; Ivan et al., 1992) it also includes
destructed island arc lithologies. Degree of metamorphism
in these complexes is generally low, except of the Kldtov
complex, where it reaches amphibolite facies conditions
(Diani8ka and P. Grecula, 1979).

Predominantly siliciclastic sequences of Crmelicum it-
self have been interpreted as coarsening upward deposits
of a shallowing intrasutural (remnant) basin (P. Grecula,
1987, 1994; Vozarova and Vozar, 1988) of the Early Car-
boniferous age evolving into shallow marine peripheral
foreland basin in the Late Carboniferous and continental
basin with transpressional-transtensional regime in the
Permian (Vozirova, 1997).

However, broader correlation of the above mentioned
units may question the postulated tectonic setting of the
Carboniferous basin in the Crmelicum area. Many authors
(Neubauer and Vozarovd, 1990; Ebner, 1992; Kozur and
Mock, 1996) compared the southern part of the Tatro-Ve-
poric domain with the Austro-Alpine zone and Crmelicum
with Veitsch Nappe of the Nordliche Grauwacken Zone of
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the Eastern Alps, assigning it in other words to the sou-
thern part of the Intra-Alpine terrain (Stampfli, 1996).

This terrain is regarded as being a segment of the northern
margin of Paleotethys. Its accretion took place be-tween the
Late Devonian and Early Carboniferous, when the Intra-Al-
pine terrain collided with the Ligerian-Moldanubian active
margin to the north. Northward oblique subduction of Pa-
leotethys under the newly accreted terrain is believed to con-
tinue well into Triassic in the southeastern Europe
(Stampfli et al., 1991), and was most probably responsible
for the voluminous calc-alkaline magmatism in Late Car-
boniferous (e.g. the Veporicum terrane of the Tatro-Vepori-
cum domain of the Carpathians). The Carboniferous strata
of the Crmelicum terrane could thus be deposited in an fore-
arc setting and reflect the evolution of passive southern
margin of Intra-Alpine terrain into active margin.

Rather complex style of tectonic deformation of the Cr-
melicum terrane, scarcity of biostratigraphic data and un-
clear mutual relationship of lithological units with affini-
ty to the Tatro-Veporicum or Gemericum domains, res-
pectively, made it necessary to employ a large variety of

Fig. 1. Simplified geological map of the study area, its position within the framework of the Slovakian Carpathians and an idealized cross-section
along the transverse line A - B. Carboniferous of the Crmelicum terrane: | - conglomerates and massive sandstones (system A, see text below),
2 - gray mudstones and siltstones (system A), 3 - greenish mafic sandstones (system B), 4 - green mudstones and laminated mudstones and sandstones
(system B), 5 - thin-bedded limestones and arcosic sandstones (system C), 6 - quartzitic sandstones (system D); Permian: 7 - rad beds, 8 - acid and in-
termediate volcanics; 9 - Triassic carbonates; 10 - Neogene coarse-grained clastics; 11 - Cierna hora crystalline complexes of the Veporicum terra-
ne; Gemericum terrane: 12 - high-grade metamorphics of the Klatov Complex, 13 - predominantly basic volcanics and associated sediments of the
Rakovec Complex; 14 - Gemericum domain; 15 - Veporicum domain; 16 - Tatricum domain; 17 - Mesozoic Klippen belt - northern boundary of the
central part of the Carpathians; 18 - faults and other tectonic features; 19 - line of illustrated cross-section. (Partly based on P. Grecula et al., 1992).
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sedimentological methods to validate such a hypothesis.
Facies as well as provenance analysis (M. Grecula, 1996;
1997), including both petrography and geochemistry was
carried out and the approach of multivariate statistical ana-
lysis was chosen to compare main groups of sediments
with each other and with their possible source areas in or-
der to establish a more precise and more empirical model
of depositional environments, provenance of sediments
and consequently the tectonic setting of Crmelicum in the
Carboniferous period.

Study area

Crmelicum terrane was studied in its eastern part, whe-
re it crops out as a typically 3-4 km wide and 25 km long
NW-SE trending lithological belt between the towns of
Kosice and Margecany (Fig. 1). The Tatro-Veporicum do-
main to the NE is represented by Cierna Hora crystalline
complex comprising a variety of high-grade metamor-
phics and large bodies of granitoid rocks (Jacko, 1985).
To the southwest, Rakovec and Klatov terranes of the Ge-
mericum domain extend. They both comprise predomi-
nantely mafic metaigneous rocks, but of higher meta-
morphic degree in the latter, so their mutual position is
believed to be tectonic (Hovorka et al., 1984). South-
eastern end of Crmelicum is unconformably overlain by
coarse-grained Neogene sediments, whereas its NW limit
is erosional and naturally separates the study area from
the northern branch of the Late Paleozoic succession in
the contact zone of the above mentioned domains.

Late Paleozoic rocks are from the terranes of Gemeri-
cum as well as Veporicum separated by southwest dip-
ping thrust planes of younger Alpine origin, as proved by
overthrusting of the Devonian-Lower Carboniferous Kla-
tov unit over the Permian of Crmelicum (P. Grecula et
al., 1992). Crmelicum lithological units are generally
strike-parallel elongated, with majority of beds inclined
25-50° toward the southwest.

Several deformational phases have been recognized in
the area (Jacko, 1979; Gazdacko, 1994). Youngest struc-
tures, expressed at the surface by frequent lower order
northeast vergent thrusts (Fig .2), are thought to be asso-
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Fig. 2. An extreme example of the tectonic structure of Crmelicum.
Thrusted carbonate units in the Bankov quarry, near the town of Kogi-
ce (trees for scale).

ciated with broader zone of dextral strike-slip movement
(P. Grecula et., 1990), which could already start in the
Late Variscan period and later be reactivated by Alpine
compressional events (Gazdacko, 1994).

Most of the contacts between lithological units of Cr-
melicum, virtually all over the outcropping area, is tecto-
nic, which made it difficult to correlate them. In addition,
some authors previously strictly differentiated between
units regarded as Gemericum and Veporicum envelopes
respectively, as only the younger Alpine tectonic activity
was believed to bring sedimetary strata deposited original-
ly in different basins next to each other (Vozérova and
Vozar, 1988). Just recently lateral relationships and local
interfingering between northeasterly lying strip of arcosic
and quartzitic sandstones with minor carbonate intercala-
tions (Fig. 1) and southwestern mafic sandstones and con-
glomerates associated with larger carbonate body near Ko-
Sice, were recognized (P. Grecula, 1994).

Macrofossils free sedimentary rocks with metamorphic
overprint, reaching the low pressure greenschist facies (Vo-
zéarovd and Vozér, 1988) give to biostratigraphic dating ba-
sed on palynomorphs assemblages only orienta-
tion value. Most of the sequence seems to be Carbonife-
rous, with ages spanning Upper Tournaisian - Visean sug-
gested for the bottom part of the "Gemericum envelope®
(Snopkova in Bajanik et al., 1984) up to the Stephanian
C-D - Lower Permian of the quartzitic-arcosic sediments
near the Veporicum terrane (Planderova and Vozarova,
1978). Continental Permian redbeds, also found in the stu-
dy area (Fig.1) were deposited in much wider sedimentary
basin (P. Grecula, 1992), not confined only to the Crmeli-
cum terrane, and therefore not characteristic of its individual
evolution. From this reason they are omitted in this study.

Methods

Complex sedimentological study of the Crmelicum se-
dimentary rocks largely benefited from recent mapping in
the scale 1:10 000 and an extensive geochemical and geo-
physical data set of the area aquired by geologists of the
Geological Survey of Slovak Republic (P. Grecula et al.,
1992). Multiparametre geophysical logs measured along
transverse to the terrane axis running profiles 1 km apart,
together with structural characteristic provided by Gazdac-
ko (1994) enabled us to recognize individual fault bounded
segments with no or only limited internal deformation.
Detailed mapping of sedimentary facies along more than
fifty profiles inside the segments (Fig. 3), combined with
vertical logging of 67 outcrops was carried out in order to
establish typical facies associations, their lateral and verti-
cal extent and relations (M. Grecula, 1996; 1997).

Random pebble assemblages of up to hundred specimen
of six conglomerate outcrops were examined to obtain va-
riation trends of clasts lithological composition as well
as size and roundness (quantified according to Van Andell
et al., 1954) changes in the basin. Out of 333 rock sam-
ples, collected along the mapped profiles, a selection of
14 was cut and polished and standard thin sections of 105
of them were prepared.



112 Mineralia Slovaca, 30 (1998)
Tab. 1
Summary of sedimentary facies proposed for the Carboniferous of the Crmelicum terrane

Symbol Name Description Interpretation

La Carbonate breccia  Lenticular bodies 1-—3 m thick. Angular, usually limestone Debris flows on a slope of a carbonate ramp.

clasts of in muddy biodetrical - siliclastic matrix

Lb Massive carbonates Light to dark gray. Almost entirely altered to magnesite. In situ bioherm (patch reefs?) growth.

Thick lenticular bodies up to 25 m thick and 400 m long.
Associated corals, bryozoans, bivalves, trilobites remnants

Lc Bedded shales Gray micritic limestones, often thinly horizontally Carbonate ramp biogenic input and storm-

and carbonates laminated. Locally lenses of terrigenous sediments. generated currents suspension fallout.
Shales up to 20 cm thick
Aa Matrix-supported 1—8 m thick (amalgamated?) beds, undulating or irregular bed Freezing of debris flows on decreasing slope
conglomerate contacts, sharp tops. Chaotic fabric or bed-parallel aligned due to intergranular friction and cohesion.

rounded clasts (granule to boulder size), subtle imbrication
in places. Rip-up clasts. Rarely inverse or normal grading. o

Ab Pebbly sandstone Sheet-like and lenticular 0.1 to 2 m thick beds of quartz rich Debris flows and high concentration turbidity
poorly sorted coarse-grained sandstone. Floating 1-—3 cm currents deposits.
long clasts, locally aligned. Rarely muddy rip-up clasts.

Ac Pebbly mudstone Muddy matrix with 1—3 cm rock fragments. Soft sediment Cohesive debris flows.
deformation. Random clast orientation. Locally bed-parallel
layering and lamination. 0.5—2.5 m thick beds. )

Ad Clast-supported Gravel to pebble size rounded clasts. Closed framework Suspension fall-out and traction by turbidity curents

conglomerate with mud to sand interstitial matrix, or matrix virtually absent.  and local winnowing of fines.
Frequent scours at the bases of beds
Ae Massive sandstone  1—2.5 m thick, often amalgamated beds of quartz rich Rapid mass deposition of high density flows.
coarse-grained sandstone. Structureless, locally inverse
graded bands. Mainly flat bases and sharp tops. .

Af Laminated sandy Dark gray mudstone with 1—5 mm thick bed-parallel, Deposition from suspension followed by traction

mudstone less frequently lenticular laminae of poorly sorted siltstones transport.
and sandstones. Locally ripple or wave lamination.

Ag Laminated shale Dark gray with locally developed very thin horizontal silty Background hemipelagic sedimentation,

and sandy laminae. Planolites and Chondrites trace fossils. periodic input of material by dilute currents.

Ba Pebbly mafic Dark grayish-green poorly sorted coarse-grained sandstone. Sandy debris flows and rapid deposition from
sandstone 5—20 cm thick beds. Floating clasts 0.5—2.5 cm, rarely high density turbidity currents.

graded. Frequent pinch-out geometry.

Bb Massive mafic Dark green and grayish-green amalgamated beds. Rapid suspension fall-out from high-density
sandstone Poorly sorted grains. Slightly erosional bases. turbidity currents, traction carpets.

Structureless or crudely stratified.

Bc Stratified mafic Bed-parallel definied 0.1—5 cm thick laminae and layers Grain-by-grain deposition from turbidity currents
sandstone of different grain size and mud content. Locally slightly followed by tractional processes.

undulating. Rarely scours and flame structures.

Bd Mafic sand-mud Sharp horizontal, less frequently undulating and low-angle Relatively dilute turbidity currents deposition.
couplets cross laminae. Rarely contortion and soft sediment

deformation. Overall grading of beds.

Be Wavy laminated Similar to Bd, but laminae often with current rippled or Reworking of deposits by very dilute turbidity
mafic couplets wavy surfaces with generally long wavelenghts (0.4—2 m). or bottom currents.

Low angle cross-bedding associated.

Bf Laminated silty Greenish, mafic minerals in coarser fraction bearing stratified ~ Settling from very dilute turbidity currents.
mafic mudstone and graded mudstones. Sharp bases and gradational tops.

Bg Laminated mafic Dark gray-greenish, often bioturbated, frequently very thinly ~ Background hemipelagic sedimentation, periodic
shale laminated shale and silty shale. Mafic minerals admixture in input of sediment by dilute currents.

coarser fraction.

Ca Massive arcosic Brownish to yellowish, locally light green. Structureless or Rapid mass deposition from high density currents,
sandstone crudely stratified. Inverse graded bands in places. traction carpets development.

Cb Contrast-coloured  Distinct 1—8 mm thick alternating laminae of greenish mafic ~ Suspension fall-out from mud-rich turbidity
laminated sandy material and white mixture of (mainly carbonate) rock currents and associated traction processes.
mudstone fragments and Q and Plg. Flat based, sheet-like 15—55 cm

hick beds. Laminae horizontal or undulating. Shearing tnear
bases common.

Da Quartz pebbly Very similar to facies Ab (massive structureless character, High density currents (mainly debris flows)
sandstone amalgamation, floating clasts, sharp tops), only mineralogically resedimentation of mature shelf material.

very mature.

Db Quartz sand-mud 5—20 cm thick quartzose graded beds intercalated with Medium to low density turbidity currents deposits.
couplets mudstones and laminated mudstones.

Dc Quartz gravel 10—60 cm thick clast supported moderately sorted beds. Major storm inner shelf deposits.
conglomerate Irregular basal surfaces, locally normal grading and low

angle planar cross bedding. Often undulating bed shapes.
Dd Massive quartz Light yellow to reddish moderately sorted beds with Storm waves and currents deposits.
arenites frequently hummocky shapes (wave lenght 0.3—1.5 m,
amplitude 5—15 cm) and crude internal hummocky cross
stratification.
De Thin and wavy 3—10 cm thick moderately to well sorted beds with common Tidal currents deposition in inner shelf

bedded quartz
arenites

unidirectional cross-lamination and low height, large
wavelenght assymetric current ripples often preserved on tops.

environment,
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Fig. 3. Location of measured stratigraphic sections and analysed samples. Scale is the same as in the Fig. 1.

53 thin sections of sandstones were point-counted using
Gazzi-Dickinson method (e.g. Dickinson, 1970), which
minimizes dependance of composition on grain size. 300
points were counted on each section (sections were not
stained). Counted grains were placed into 12 monominera-
lic and polymineralic compositional categories, listed (to-
gether with recalculated parametres) in Tab. 2.

17 of the samples, used for thin section study, were al-
so analysed for content of major and selected trace ele-
ments (see Appendix 3 and 4) in Geoanalytical laborato-
ries of Geological Survey by means of AES-ICP,
AAS(-F) and XRFS instrumental methods.

Heavy fraction analysis of 16 samples covering typical
lithological units of the Crmelicum terrane was carried
out. Fresh samples were disaggregated and separation was
achieved using tribromomethane (bromoform).

All obtained quantitative analytical results combined
with published data from both neighbouring domains (Dia-
niSka and P. Grecula, 1979; Hovorka et al., 1985; Jacko et
al., 1987; Hovorka et al., 1988; Jacko et al., 1990; Kori-
kovskij et al., 1990; P.Grecula et al., 1992) and previous-
ly published geochemical analyses of the Crmelicum con-
glomerate pebbles (Vozdrovd, 1973) were later examined
by multivariate statistical methods (e.g. Middleton, 1962;
Le Maitre, 1982).

These methods provide reduction of variables and an ob-
jective classification of samples. Principle component ana-
lysis (PCA) groups together related variables into a smal-
ler number of parametres, called eigenvectors. The positive
or negative eigenvalue of related variables in each eigen-
vector suggests similar or opposite trend. PCA thus helps
to estimate number and character of possible processes res-
ponsible for the variation in data. Multiple discriminant
analysis differentiates separate populations by combining
a number of variables and maximizing the ratio of the dif-
ferences in means between-groups to the variance within-
groups. A priori parametre for groupings of samples was
their field description and location within a specific map-

ped lithological unit. By testing the degree of validity of
such classification, valuable information about correlation
of strata between individual fault-bounded segments as
well as similarity between different suspect source areas
and the Crmelicum lithological units were obtained.

Lithological systems

Lithostratigraphic division was previously proposed for
both the Gemericum (Crmel and Dob3ind Groups) and
Veporicum (Reviica Group) sedimentary envelopes (Jac-
ko, 1979; Bajanik et al., 1983; Vozdrova and Vozar,
1988) but as the superposition and lateral development of
the formations contradicted observations made during de-
tailed mapping of the area (P. Grecula et al., 1992;
1994), we decided to abandon them. Instead, five groups
(systems) of facies associations were defined on the basis
of careful field description of sedimentary facies (Tab. 1)
and inferred depositional environments, as well as their
present spatial distribution. (For descriptive purposes we
use names of metamorphic protoliths, as the alteration of
original structures was minimal.)

System L (Major bedded and massive carbonates)

Carbonate sediments of substantial volume make several,
mainly subsurface lenticular bodies of maximum thickness
300 m at Bankov, near the northwestern end of KoSice. As
they were partially altered to magnesite, creating a deposit
of economic value, their geometries and facies distribution
are well documented (Abonyi and Abonyiovd, 1981).

What was originally underlying these deposits is not
known, as carbonate bodies are thrusted over other facies
associations of the Crmelicum terrane (Fig.4). Overall
stratigraphy of the system is characterized by the assyme-
trical cycle of sudden increase and gradual decrease of carbo-
nate content along the vertical strata succession. Limesto-
ne appears as 0.2 to 0.6 m thick gray micritic beds (facies
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300 m —

600 m —

900 m —

Fig. 4. Interpreted geological situation in the vicinity of the Bankov quarry. Note tectonically modified contacts of lithologicz_ll uvnits.‘ J-. system A,
2 - system L, 3 - system B; (for explanation see text), 4 - unconformable Neogene sedimentary cover, 5 - tectonic surfaces with indication of rela-

tive movement (modified from Varga, 1982).

Lc, Fig. 5A), often thinly horizontally laminated and with
high (up to 40 %) admixture of well sorted clastic quartz
grains. They are intercalated with dark gray silty and often
micaceous carbonate shales and marls. Beds are thickening
upward with some crinoid detritus appearing and terrigenous
component decreasing, but gaining polymict character (rock
fragments), passing eventually into massive carbonates
(mainly altered to magnesite) with infrequently preserved

Tab. 2
Point-count categories and recalculated parametres of the Crmelicum
sandstones
Symbol Explanation
Point-count categories
Qmnu Non-undulatory monocrystaline quartz
Qmu Undulatory monocrystalline quartz
Qp2—3 Polycrystalline quartz with 2 to 3 subgrains
Qp>3 Polycrystalline quartz more than 3 subgrains
P Plagioclase feldspar
K Potassium feldspar
Lv Volcanic and volcaniclastic lithic fragments
Lm Metamorphic lithic fragments
Ls Sedimentary lithic fragments
M Phyllosilicate minerals
D Dense minerals
Misc Miscellaneous and unidentified
Recalculated parametres
Qm Monocrystalline quartz grains (Qmnu + Qmu)
Qp Polycrystalline quartz grains (Qp2—3 + Qp>3)
Qt Total quartzose grains (Qm + Qp)
F Total feldspar grains (P + K)
L Unstable lithic grains (Lm + Lv + Ls)
Lt Total lithic grains (L + Qp)

Fig. 5. Carbonate facies of the system L. A) Disorganized mud-sup-
ported limestone breccia, facies La (hammer 18 cm wide). B) Inter-
bedded limestones and mudstones of facies Lc¢ passing upward into
massive carbonates, facies Lb (trees for scale). Bankov quarry. For
explanation of symbols see Tabl. 1.
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skeletal fragments of corals, bryozoans, brachiopods and bi-
valves (facies Lb). At the bottom of the massive part of the
sequence, lenticular, 1-3 m thick bodies of carbonate breccia
(facies La, Fig. 5B) can be found, with angular limestone
clasts usually floating in the dark gray matrix of mixed bio-
detrital wackestone and siliciclastic mud composition. To-
ward the top of a typical vertical facies association (Fig. 6)
interbedded limestones and
e e mudstones of facies Lc¢ become
@ dominant again. Carbonate bed
thicknesses are decreasing, be-
Ag ing replaced at the top by thick
Af (20-30 m) fine-grained unit of
Ag dark mudstones with thin sandy
At interbeds.
Described asssociation of fa-
cies can be tentatively inter-
Le preted as progradation and sub-
sequent drowning of a rimmed
offshore carbonate - siliciclas-
Lb tic ramp (Calvet and Tucker,
1988; Faulkner, 1988). Alle-
Az ration of massive carbonates
Lb makes their classification un-
certain, but their thickness and
apparent homogeneity. toge-
Af ther with some of the fossil
fragments (Abonyi and Abo-
nyiovd, 1981) make their
identification as ancient shal-
low marine organic build-up
Le relics possible. On the other
hand, fine-grained bedded cha-
racter, mudstone intercalations
and domination of fragments
of suspension feeders, such as
crinoids, in the sequence abo-
ve and bellow, locates the li-
kely depositional environment
into the depths of mid- to ou-
s T ter-shelf. Deposition of intra-
e formational breccia could indi-
cate tectonic activity in the
area, distructing partially buil-
dups rimming a ramp and cau-
Lb sing redeposition of their ma-
15 pFEey terial and perhaps triggering
gravity flows bringing abun-
dant terrigenous material
(strong influence of storms or
river discharge cannot be ex-
cluded as well).
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e System A (Conglomerates

and graywackes)

Coarse grained arenaceous
and conglomeratic sediments
are evolving directly from the

Fig. 6. Vertical succession of
facies of the system L. Bankov
quarry.

Fig. 7. Pebble to boulder size matrix-supported deposits of debris
flows of facies association Al (Kopaniny). A) Slightly aligned clasts
within generally chaotic internal fabric of facies Aa. B) Well rounded
floating clasts in muddy sand matrix (facies Aa).

mudstones overlying the carbonate units of system L wit-
hout any indication of depositional break or unconformi-
ty. They crop out as narrow elongate, almost continuous
belt along the southwestern edge of the terrane, making
up the whole preserved stratigraphy in its northwestern
corner (Fig. 1). Estimated true thickness of the successi-
on varies along the strike, reaching over 700 m near Ko-
Sice, compared to the average 250 m.

Coarsest conglomerates of the facies association Al
(Figs. 7 and 8) can be found northwest of KoSicka Bela.
Usually well rounded metamorphic, less sedimentary and
volcanic rock fragments, of pebble to cobble, exceptio-
nally boulder size are floating in poorly sorted mud-rich
siltstone to coarse grained sandstone matrix (facies Aa).
Rip-up mud and fine-grained sand clasts of the compositi-
on similar to the matrix are locally abundant. Bed thick-
nesses range from 1 to 8 m, the latter being most probab-
ly the result of amalgamation. Contacts of beds are sharp
and rather flat, locally undulating or irregular. Clasts tend
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Fig. 8. Facies associations of the system A. For description and interpretation see text. For explanation of symbols see Tab. 1.

to be bed-parallel aligned, rarely displaying imbrication or
random orientation. In places, small fining upward suc-
cessions of facies Aa passing through pebbly sandstones
(facies Ab) into thin-layered clast-supported conglomera-
tes, sometimes with virtually absent interstitial matrix
(facies Ad) are present. Stratigraphically is this associa-
tion of coarse disorganized conglomerates overlain by sig-
nificantly finer sequence (facies association A3) domina-
ted by pebbly sandstones with minor clast supported
conglomerate and massive sandstone (facies Ae) beds.
Pebbles (usually 1-3 cm long) are either irregularly distri-
buted in medium to coarse grained quartzitic sand or form
thin bed-parallel streaks. Inverse grading could be seen,
especially near the base of beds. Thickness of beds can lo-
cally increase from average 0.1-0.4 m to 2 m, most pro-
bably due to amalgamation.

Lateral equivalent, quite closely spatially related to the
both above described facies associations are sediments of
the association A2, which generally comprise same facies

as the other two, only beds are distinctively thinner and
usually finer-grained, including some mudstone interbeds.
Clast-supported conglomerates may locally display shal-
low erosional scours at the base of beds or loading struc-
tures if mudstones are directly below. Rip-up clasts are
rare or absent.

Facies associations Al, A2 and A3 comprise deposits
of gravity mass flows. Cohesive debris flows with plastic
rheology and matrix support are believed to dominate the
environment of the facies association A1, depositing sedi-
ment by “freezing* due to intergranular friction and cohe-
sion (e.g. Nemec et al., 1980; Hiscott and James, 1985).
Occasionally debris-flows may had been transformed
downslope into high concentration turbidity currents, res-
ponsible for the clast-supported conglomerate beds depo-
sition and local winnowing of interstitial fines by highly
diluted flow tails. Similar processes most probably opera-
ted during sedimentation of the facies association A2 and
A3, only with probably higher proportion of high-density
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Fig. 9. Massive and fine grained facies of the system A. A) Massive,
granules containing sandstones with faintly defined inverse graded bands
- possibly products of traction carpet processes (facies Ae, Alpinka). B)
Irregularly laminated silty and sandy mudstones (facies Af, Crmel val-
ley). C) Fissile laminated shale of facies Ag (SW end of Kogice).

turbidity currents (Lowe, 1982). Mudstone intervals in fa-
cies association A2 can represent “background* hemipela-
gic sedimentation reflecting together with lower thickness
of beds compared with facies association Al and facies
association A3 its more marginal character with respect
to the location of coarsest flow deposits.

Pebble- and cobble-sized disorganized conglomeratic fa-
cies are to a minor extent preserved near Margecany and
KoSice as well. Facies association A3 has larger regional
extent and only locally it is replaced or fringed (toward

the north or northeast) by sandier facies association A4.
Sharp based and topped massive medium to coarse grained
sandstones may exhibit crude horizontal stratification and
contain abundant mud chips. Indistinct slightly coarser
few cm thick inversely graded bands (Fig. 9A) occur as
well as thin interbeds of horizontally laminated silty and
sandy mudstone (facies Af).

These beds were probably deposited by high density
turbidity currents or sandy debris flows (Shanmugam,
1996). Most of the thicker massive packages are product
of amalgamation.

Even further to the northeast, or at the southwestern edge
of the Crmelicum Carboniferous, where conglomerates are
not present, alternating dark gray siltstone and shales, with
varying proportion of each of the components, extend. Fa-
cies association A5 (Fig.9B) is typical product of low den-
sity turbidity currents deposition with only locally massi-
ve sandstone beds developed. Evidence for current rewor-
king processes is present in some parts of the succession,
as well as in the facies association A6 (Fig. 9C), consis-
ting of predominately dark laminated shale layers with rare-
ly preserved Planolites and Chondrites trace fossils.

Distribution of facies associations in the system A does
not seem to show a major trend along its NW-SE strike.
No major erosional features have been observed, but some
areas clearly experienced higher frequency and energy of
gravity flows, which could indicate position proximal to
main feeder points. Massive turbiditic sands of facies
association A4 fringe inner debrites and high density tur-
bidity current deposits of the associations Al, A2 and A3.
Mudstones and siltstones of the facies association A5 and
facies association A6 occur as outer- or inter-fan deposits.

System A as a whole, due to its connectivity, can be
interpreted as a multiple ramp or a base-of-slope apron
(Harris and Fowler, 1987; Reading and Richards, 1994).
It may have formed in a response to resedimentation of
unstable material deposited as fan deltas on narrow shelf
or a series of alluvial fans forming along a faulted basin
margin to the SW. Some reworking prior to redeposition
must have taken place in order to explain roundness of
conglomeratic clasts.

System B (Mafic sandstones and mudstones)

Axial part of the Crmelicum is occupied by dark gree-
nish sediments with often apparently homogeneous appea-
rance. Very low content of quartz and abundance of mafic
minerals (predominantely amphiboles) led mistakenly to
previous interpretations of these rocks as basic volcanics
and volcaniclastics (Vozdrova and Vozar, 1988), but careful
field observations revealed solely sedimentary structures.

Coarsest facies association B1 (Fig. 10A and 11) preva-
ils toward the northwestern end of the terrane. Amalgama-
ted beds of coarse-grained, poorly sorted massive sandsto-
ne (facies Bb) dominate over its pebbly, often graded equi-
valent (facies Ba). Both facies usually exhibit sharp bases
and tops with some locally developed undulation or ero-
sional structures. Pinch-outs of beds over very short di-
stances are frequent. Massive sandstones locally display
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Fig. 10. Mafic sediments of the system B. A) Coarse grained intra-
clasts bearing sandstone (facies Ba). graded in places and with slightly
erosional bases (Safarska, pencil for scale). B) Very thinly laminated
mudstones with occasional thin sandy intercalations (facies Bf,
Vrab¢ie skaly).

dish structures. Pebble sized (0.5-2.5 cm) clasts present
in facies Ba are angular to subrounded and most probably
of intraformational origin, even if few granules of quartz
or either metamorphic or other lithic fragments can be
found as well. Pebbles tend to accumulate near the bot-
toms of beds and fine upward, or to minor extent grade
inversely or float in matrix. The latter case is indicative
of dispersive pressure in gravity flows with plastic rheo-
logy, whereas former structures, together with massive
sandstones features could be the products of sedimentation
in basal parts of high density turbidity currents.

Facies association B1 contains interbeds of laminated
mafic sandstones and mudstones (facies Be, Bd, Bf; Fig.
10B) which become more dominant toward southeast (fa-
cies association B2). Most typically parallel sided beds
with variably definied horizontal or near-horizontal lami-
nation occur in the succession. In some beds vertical al-
ternation of parallel and very low angle cross lamination
can be observed. Grading in beds is not very pronounced.
Flame and minor loading structures at base may be pre-
sent, but usually contacts are sharp and flat. To a minor
extent, wavy laminated sandstone and mudstone couplets
(facies Be) occur in the facies association B2 as well.

All these structures are interpreted as a product of early
separation of sand and silt material from low density mud

rich turbidity currents (e.g. Stow and Piper, 1984) subse-
quently subjected to an extensive traction transport. Up-
per flow regime may have been responsible for parallel
lamination, especially of medium grained sands. while
decceleration of flow could cause slow migration of long
waveleght ripple forms with some of their shapes preser-
ved by overlying suspension fall-out drapes.

Even finer grained equivalents of laminated sandy facies
are those of facies association B3, extending to the east of
Kosicka Bela and northwest of KoSice. They are very si-
milar to [acies association AS5. only typically high con-
tent of greenish material establishes their links to the
system B. Thinly laminated silty character indicates high
proportion of sediment supplied by very low density dilu-
ted turbidity currents.

System B as a whole seems to represent elongate sub-
marine fan fed from present day northwest. Slight coarse-
ning and increasing proximal character ol sediments near
Bankov. at the southwestern edge of KoSice. may reflect
another source point located there. giving system B coa-
lesced character. even if much less pronounced compared
to the system A. Small size of outcrops does not allow
to establish overall geometry of the fan, bul as erosional
features are very rare, it seems that the system consists
more likely of stacked, sheet-like packages of turbidites
and some debris flows and their down-dip thin bedded
fringe (Type | fan of Mutti, 1985) than a well developed
channel-levee complex. Changes within the environment
of deposition seem to follow regional slope variation and
topography. Coarser grained disorganized facies are
thought to be absent because of the lack of coarse mate-
rial supplied from the source.

System C (Arcosic sandstones and minor carbonates)

This assemblage of lithofacies occupies only small are-
as near the tectonically defined boundary of Crmelicum
and Veporicum terranes. Characteristic feature of the sys-
tem is often high proportion of carbonates and lower mi-
neralogical maturity of siliciclastic sediments (Fig.12).

Limestones are most typically 10-30 cm thick gray to
dark gray laminated beds (facies Lc), usually evolving
from and also intercalated with dark, limy silty mudsto-
nes. Thickness and apparent homogeneity may vary, but
in the outcrop scale they never achieve massive features
of facies Lb from Bankov area (system L). Vertically are
carbonate packages often abruptly interbedded with gree-
nish laminated arenites of facies Bd or very light green or
reddish massive coarse grained arcosic sandstones (facies
Ca, Fig. 13A). Carbonates are in places capped with
quartzitic gravelly sandstone - mudstone units (facies Db
of system D, described below).

Locally small outcrops of intraformational brecma (fi-
ner than facies La) are present. Larger extent has facies as-
sociation C2, being closelly spatially related to finer li-
thotypes of system B. Beds reach thickness of 6 m (ave-
rage 1 m). Internal structures are fairly uniform: parallel,
locally slightly undulating laminae of greenish mafic silt
and mud alternating with slightly coarser thin clastic car-
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Fig. 12. Facies associations of the system C. For explanation of sym-
bols see Tab. 1.

Fig. 13. Contrasting character of the system C sediments. A) Structu-
reless poorly sorted arcosic sandstone (facies Ca, Diana). B) Lamina-
ted silty mudstones (facies Cb). Note shear folding at the base of the
flow deposit (Crmel Valley).

bonate bands (facies Cb, Fig. 13B). Individual beds may
instead of limestone clasts contain terrigenous material
(arkosic composition predominates). Well defined charac-
ter of laminae usually changes into quite indistinct toward
the tops. Some convolution and small scale shear folding
are preserved in lower parts of beds.

Facies association C2 is likely to be a product of
low concentration turbidity flows deposition with sus-
pesion fall-out and traction and shear sorting of grains
in the bottom boundary layer as main operating me-
chanisms (Stow and Bowen, 1980). Carbonates of
facies association C1 could represent quiet pelagic se-
dimentation on topographic highs (of probably tecto-
nic origin) efficiently separating redeposited arcosic
and quartzitic sediments from the depositional realm of
system B. Only flows of larger volume (or diluted
flows) were able to spill over their tops, depositing on
topographic highs and mixing with clastics of the sys-
tem B. Meanwhile carbonates were producing enough
debris to mix with terrigenous material at the base of
local slopes.

System D (Quartz arenites)

Even if the whole unit has, apart from the position
right at the contact with the Veporicum high-grade meta-
morphics, high mineralogical maturity as a uniting fac-
tor, it still clearly falls into two different groups, based
on the character of their sedimentary structures.

Facies associations D2 and D3 (Fig.14), located more
to the northwest, clearly represent resedimentation proces-
ses similar to those of the system A with sandy debrites
and high density turbidites (facies Da, Db) as dominant.
Even if pebbly sandstones and gravel conglomerates
occur. size of clasts never reaches the coarseness of the
most “proximal™ parts of the system A. Within the elon-
gale quartzitic belt, finer grained rock types, including in-
terbedded sandstone - mudstone units, prevail in its north-
wesl parl. On the contrary, near the northern edge of Ko-
Sice. facies of apparently shallower origin crop oult.

Facies association D1 usually starts with massive, cru-
dely hummocky cross-stratified units (facies Dd.
Fig.15A) with sharp bed contacts. Wavelenghts can reach
2 m. whereas amplitudes range between 5 and 15 ¢cm. Co-
arser grained lag deposits are locally developed. Facies Dd
typically passes upward into thick bedded sandstones or
clast-supported granule conglomerate beds (facies Dc)
with usually irregular bottom surface of beds. Locally
planar cross bedding was observed. The last constituent of
the facies association are thin bedded and wedge-shaped
unidirectional cross-laminated sets (Fig.15B). Current
ripple shapes are locally preserved.

All lithotypes of association D1 might represent de-
positional processes on storm-dominated inner shelf
(e.g. Marsaglia and Klein, 1982). Provided the littoral
Zone was narrow or even tectonically unstable, resedi-
mentation of sand material to the deeper environments
of the facies association D2 and facies association D3
could have been easily and frequently initiated.
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Fig. 14. Facies association of the system D.

Fig. 15. Shallow marine system D quartzitic sandstones. A) Facies Dd hummocky cross-bedded strata of different thicknesses (fallen leaves for
scale. Hradova). B) Thin low-angle cross-stratified beds. locally displaying wavy tops (facies De. Hradova).

Provenance analysis
Petrography
Petrography of conglomerates
Lithological composition of the system A conglomeratic

pebble and cobble fraction had been previously studied in
detail (Krist, 1954; Vozdrova, 1973). Wide spectrum of se-

dimentary, metamorphic and igneous rocks was observed,
with some spatially distributed proportional variations. Pre-
sence of granitoid and plagiaplitic fragments was first
ascribed to a source in the Cierna Hora (Veporicum) crystal-
line complex (Krist, 1954), but as later granitized rocks and
aplites were recognized within the Gemericum terrane,
neighbouring position and similarity of other conglomera-
tic lithotypes led to an idea of the source restricted to Geme-
ricum (Vozarovd, 1973; Vozarova and Vozdr, 1988).
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Fig. 16. Spatial distribution of petrological composition of coarse fraction of the system A conglomerates. Scale is the same as in the Fig. 1.

Our reconnaissance analysis revealed generally uni-
form pattern of pebble size and roundness frequency di-
stribution. Mean values are constantly high and distri-
butions show unimodal, sometimes skewed character
(M. Grecula, 1997). The coarser fragments are present,
the more li-thological types conglomerate usually con-
tains. The most typicall are clasts of vein quartz, quart-
zite and gneiss, covering the whole size and roundness
spectrum, with gneisses shifted more toward the higher
values. If granitoids and aplites are present, they tend to
be larger sized, whereas amphibolites and volcanic (both
basic and more acid) clasts are relatively smaller. The
only excep-tion of pre-vailing pebble characteristics are
those of locally abundant angular fragments of dark
mudstones, but they are believed to be intraformational
rip-up clasts and thus not providing any information
about source area.

As for the spatial distribution, the only high lithotype
variability and considerable clast sizes are displayed in
outcrops northwest of KoSicka Beld, everywhere else only
smaller fragments of the most durable lithologies (quartz,
quartzite, chert, gneiss) are present (Fig.16). No trends in
their mutual proportions were observed. Conglomerates
from near Kogicka Beld could reflect more dynamic condi-
tions in the local source area, where probably large sedi-
ment supply (braided river discharge?) did not allow as
much time to rework rock fragments as elsewhere along
the coast, triggering frequent pebbles and cobbles redepo-
siting mass flows.

Observed general vertical fining of particles and enrichment
in quartz material could have been caused by decreasing
relief on the land and related longer periods of reworking

prior to redeposition. This is probably why also such
a small percentage of Gemericum’s widespread volcanic
sandstones and shales are preserved in coarser fraction
of conglomerates - as the most fragile rocks they were di-
sintegrated and later redeposited as locally very abundant
greenish fine-grained matrix of debrites.

Petrography of sandstones

Unlike conglomerates, sandstones are abundant in all
lithological systems of the Crmelicum, providing a good
material to compare their characteristics. Even though
greenschist facies metamorphism allied with the strain
effect of deformation produced locally pervasive mineralo-
gical and textural changes, frequently enclaves of rocks,
still preserving their original textures or at least ghost re-
licts of them, were found, allowing detrital modes to be
determined with confidence.

Proportion of interstitial matrix (always recrystalli-
zed) is variable, averaging at about 10 % of the volu-
me, with higher values most likely attributable to the
formation of pseudomatrix (Dickinson, 1970). Frame-
work grains comprise different types of quartz and li-
thic fragments, almost exclusively plagioclase feld-
spar, micas and in the system B very important heavy
minerals (Fig. 17). Rocks are usually poorly to mode-
rately sorted with their constituents being subangular
to subrounded.

Polycrystalline quartz prevails clearly over monocrys-
talline one, apart from the system B, where their abun-
dances are approximately the same. Quartz mainly shows
high undulosity and if polycrystalline, large number
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Fig. 17. Thin section photomicrographs of sandstones from the Crmelicum terrane. Crossed nicols. Scale bar 0.8 mm. A) poorly sorted sandstone of
the system A. Polycrystalline and undulatory quartz grains, sedimentary lithic fragment (siltstone) to the upper right. B) Larger microlitic volcanic
grain with few phenocrysts of plagioclase and quartz in fine groundmass (lower part of photograph). Polycrystalline quartz and mica flake within
forming pseudomatrix (system A). C) Outsized rounded clasts of amphibole in sunsorted mixture of grains in mafic sandstone of the system B. D)
Rounded clast of lathwork-textured volcanic rock (system B). E) Recrystallized limestone of the system C with abundant terrigenous admixrture. F)
Predominantly quartz composition of sandstone of the system D.

of rather small, stretched and sutured grains, suggesting
a metamorphic source. Maximum of clear quartz with
straight extinction of possible volcanic origin is in the
rock types of system B, slightly higher content in system
C and low in both A and D. "Plutonic* type quartz with
trains of vacuoles and slightly undulose extinction makes
up minor part of the system D framework grains.
Feldspar grains are less important in A and D systems,
whereas their content increase in C and reaches its maxi-
mum again in B, often being the only, or at least domi-

nant light component of rocks. Crystal edges are in most
cases rounded, the only feature suggesting their volcanic
origin, are locally preserved blebs of vacuoles. On the
other hand, some fragmented and rounded grains of crys-
tals and their overgrowth imply detritus supplied by ero-
sion of lithified rocks, rather than coeval resedimentation
of loose volcanic debris.

Compositionally plagioclase dominate, K-feldspar is
virtually absent throughout all facies associations, only
rocks of system C may contain low percentage of the mi-
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Fig. 18. QtFL plot of analyzed samples. Provenance fields after Dic-
kinson et al. (1983). For explanation of symbols see Tab. 2. A) Sam-
ples of all the terrane units undifferentiated. B) Separate plots of indi-
vidual systems.

neral. Reasons for this feature can be twofold: it may ref-
lect almost K-feldspar free source lithology in the Geme-
ricum and only lesser volume of exposed potassium rich
rocks in the Veporicum and at the same time its scarcity
can be enhanced by post-depositional alteration and repla-
cement processes (e.g. Boles, 1982; Helmhold, 1985).
There is a high variety of rock fragments in the Crme-
licum lithological units. Richest in sedimentary lithics is
the system A, followed by the system D. Fragments in
both of them include dusty looking mudstones with lack
of a preferred planar fabric, microscopically planar bedded
shales and usually massive siltstones and sandstones.

A

dissected arc

lithic
, recycled

Fig. 19. QmFLt plot of analyzed samples. Provenance fields after
Dickinson et al. (1983). For explanation of symbols see Tab. 2. A)
Samples of all the terrane units undifferentiated. B) Separate plots of
individual systems.
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Low grade metamorphic fragments, such as slates and
quartzites, contribute significantly to the composition of
the system A rocks, whereas medium and high-grade me-
tamorphic lithics (schists, phyllitic quartzites and quartz-
mica-feldspars aggregates) are present almost equally in
the systems C and A and to somewhat minor extent (fol-
lowing its mineralogic maturity) in the system D.
Among volcanic rock fragments, plagioclase lathwork
and microlitic grains (with trachytic and pilotaxitic pat-
terns) predominate, representing mainly basaltic and inter-
mediate lavas. They are most abundant in the system C,
but their relatively lower content in the “mafic” system B

Qm Qm

°

system A Lt F system B Lt
Qm Qm
system C Lt F system D Lt



M. Grecula: Carboniferous of Crnelicum terrane, Western Carpathians: Relict of a fore arc basin within alpide variscides

)
mixed magmatic arc & rifted
continental margin (backarc) o

Fig. 20. LmLvLs plot of analyzed samples. Provenance fields after
Ingersoll and Suczek (1979). For explanation of symbols see Tab. 2.
A) Samples of all the terrane units undifferentiated. B) Separate plots
of individual systems.

can be explained by greater fragmentation of possibly co-
arser grained volcanic and hypabyssal rocks. Highest co-
ntent of mafic dense minerals in the rocks of system B,
especially hornblendic and actinolitic amphiboles and so-
me pyroxenes, which often exceeds 50% of framework
grains, seems to support the idea.

Detrital micas are locally difficult to differentiate from
the authigenic ones, but generally muscovite prevails over
biotite, being mainly present in the rocks of the system D.

According to bivariate scatter plots of counted minera-
logical parametres (Tab. 2; plots in M. Grecula, .1997),
abundance of non-undulatory monocrystalline quartz posi-
tively correlates with plagioclase and dense minerals and
with degree of sorting, which could point to relatively
homogeneously grained basic igneous rocks as a source
mainly for the system B. Multivariate principal compo-
nent analysis also picked heavy minerals, together with
volcanic rock fragments and non-undulatory quartz as the
same trending group within its first eigenvector, respon-
sible for the highest proportion of variability in data.

Petrographic distinction of the rocks of system B is fur-
ther accentuated by the results of discrimination analysis,
where there is a gap between higher similarities of systems
A, D and C with each other and all of these systems com-
pared to the system B. Striking feature of this quantified
petrographic comparison is that compositionally most si-
milar are the systems A and D, whereas the least similar
are the neighbouring units of systems A and B (Tab. 3).

Plots of the data using ternary diagrams, which relate
sandstones composition to the tectonic setting of source
areas (Dickinson and Suczek, 1979; Ingersoll and Suczek,
1979; Dickinson et al., 1983) reveal diverse character of
the Crmelicum terrane as a whole.

There are four distinct groups in the QtFL diagram,
with means falling in the fields of recycled orogen, base-

B

Lv

Lv

Lm
°
system A Ls Lv system B Ls
Lm
system C Ls Lv system D Ls

ment uplift and transitional and undissected arc respective-
iy (Fig. 18A). Individually plotted values of different sys-
tems (Fig. 18B) show lithoquartzitic character of both A
and D, with A marginally extending to the arc field and D
accounting for some overlap with the craton interior and
transitionai continental fields. Lithofeldspathic system B
could have been, according to the diagram, fed from the
basement uplift to transitional arc source. Data plots of
the system C are scattered over a large area, proving its
mixed (possibly recycled orogen and an arc?) character,
suggested already from the field observations.

QmFLt plot differentiates basically only between two
groups of samples: one centred at the boundary of transi-
tional recycled, lithic recycled and transitional arc fields,
and second extending between the basement uplift and
transitional arc fields (Fig.19A). The latter is almost
identical with the system B plots, A, C and D combine
to form the former (Fig. 19B).

Rock fragments ternary plot (LmLvLs) is even more
scattered than previous two, but it shows certain similari-

" ties among systems A, B and C and distinguishes these

three from volcanic fragments free system D (Fig. 20).
Heavy fraction analysis

It is believed, that in most cases the effects of weathe-
ring at source and transportation on sediments heavy frac-
tion composition are minor, but hydraulic controls at the
time of deposition and subsequent diagenesis (metamorp-
hism) can cause significant modifications (Morton,
1985). All analysed samples were therefore chosen to be
of approximately the same grain size and same or geneti-
cally closely related facies. It was not possible to subtract
post-depositional alteration, but as all the rocks under-
went almost the same pressure-temperature conditions
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Tab. 3
Similarity (distance between centroids) of the Crmelicum sedimentary systems based on multiple discriminant analysis of the results of different
quantitative methods

Petrography Heavy fraction Major elements Trace elements All parametres
Clusters Distance Clusters Distance Clusters ~ Distance Clusters Distance Clusters ~ Distance
A—D 2.46 A—B 4.45 A—B 481 A—B 0.89 A—C 14.67
A—C 2.72 C—D 5.02 C—D 5.99 A—C 77.47 A—B 20.79
C—D 2.79 A—D 5.18 A—C 10.95 B—C 77.63 A—D 21.86
B—D 5.20 A—C 6.79 B—C 11.17 Cc—D 189.55 C—D 22.69
B—C 5.82 B—C 7.02 B—D 13.58 A—D 251.73 B—C 23.99
A—B 6.29 B—D 7.41 A—D 14.73 B—D 252.09 B—D 29.20

(Vozarova and Vozir, 1988), we were at least able to
compare individual systems one with another, even if di-
rect linkage to the source rocks may not be so clear.

Generally the most frequent in the heavy fraction of
rocks are lithic fragments (obviously containing heavy
minerals), folowed closely by amphiboles. There is much
less of biotite grains, as well as pyrite, limonite and car-
bonates. Rutile is prevailing over zircon, but together
with epidote, tourmaline and muscovite, they occur only
in subordinate amounts.

In order to get an idea if there are any of the heavy frac-
tion species indicative of the source in the neighbouring
Gemericum and Veporicum terranes respectively, their
abundances were plotted against locations along and across
the basin (M. Grecula, 1997). All the minerals and rock
fragments were increasing in volume toward Gemericum,
apart from rutile and muscovite, but rutile was not detec-
ted in samples of the system D at all and was quite abun-
dant in some rocks of the system A, lying directly on the
opposite side of the terrane area. Rutile negatively correla-
tes with amphibole, which is the same for muscovite,
tourmaline and maybe biotite (using XY scatter plots).
All of the above mentioned minerals are also getting less
voluminous axially toward the northwest. This could indi-
cate, that general features of their abundances were more
controlled by competition between spatially unequally im-
portant sedimentary systems fed from different sources
within Gemericum, than clear distinction between the two
neighbouring suspect source terranes lithologies simply
influencing their adjacent parts of the Crmelicum basin.

A priori field classification of rock samples into indivi-
dual systems was confirmed as 100% correct by multiple
discriminant analysis (M. Grecula, 1997). It is interesting
that unlike the same method using microscopic petro-
graphy data, the highest similarity is between systems A
and B (Tab. 3) followed by systems C and D. Coming
third are systems A and D, which is consistent with lo-
cally very similar, mineralogically mature character of the
rocks of both systems. The greatest discrepancy in heavy
fraction composition was by MDA method suggested for
the systems B and D.

Geochemical features
Grain size degree of source weathering, diagenesis and

metamorphism all could affect chemistry of clastic sedi-
ments (e.g. Sawyer, 1986). But as in the case of heavy

fraction analysis, we tried to diminish the danger by care-
ful sampling and we were again assuming rapid erosion
and transport from a source area (low importance of wea-
thering) and the same degree of post-depositional compo-
sitional changes throughout the terrane’s lithological
units that enabled us to compare them.

Bartalsky (1992) had already noticed geochemical diffe-
rences accross the basin: mafic sediments of the system B
being enriched in Cu, Zn, Ni, Co, Mn and Fe,0;, TiO,,
whereas mudstones and some sandstones adjacent to the
Veporicum domain in Mo, Sb and As.

Our analysis revealed first of all much higher average
content of SiO, in the systems C and D (75 and 78%)
than in the systems B (56%) and A (66%). On bivariate
scatter plots SiO, shows positive trend with K,O, which
is supported by principal component analysis, distinguis-
hing group of Si0O,, Al,O;, FeO and K,O (M. Grecula,
1997). When trace elements are taken into acount, Mo,
Sn, Pb, Rb, B, Ga and Ce show similar trends in their
variation. If compared with the rest of the elements, con-
sisting of Cr, Ni, Bi, Sb, Sr, Li, Zn, Co, Cu, Zr, Yb,
Sc, La and Ge, it seems that major factor controlling the-
ir pattern of distribution in sediments was presence of
two sources: one predominantly mafic, one felsic (compa-
re Bhatia and Crook, 1986).

As Si0O, and K,O contents generally decrease from the
system D toward the system A and so do Rb and B, it is
probable that main differences in chemical composition of
the terrane rocks were caused by varying degree of influen-
ce of lithologically contrasting source rocks toward the
present day southwest and northeast. Slight discrepancy
between the results of this analysis and the one of heavy
fraction of sediments could have been caused by assumed
enhanced reworking of the facies of the system D and par-
tially C, where original sand-size petrographic compositi-
on could have been destroyed, unlike the chemical compo-
sition, possibly preserved in fine grained particles. This
fraction might have been also easily redistributed by dilu-
ted turbidity currents infiltrating adjacent deeper-marine
coarser gravity flows products, transported along different
pathways and even maybe sourced from different areas.

Classification of analysed samples was again proved
highly correct by multiple discriminant analysis, with si-
milarities between systems getting even much closer to
some theoretical assumptions (Tab. 3). Minimum centro-
id distance was measured between A and B and very small
between C and D as well. Interesting is quite high simila-



M. Grecula: Carboniferous of Crmelicum terrane, Western Carpathians: Relict of a fore arc basin within alpide variscides 127
A All parametres Major elements
8 -20
» 23
- > 328
-30 > 203 -
200
~ aF » 220 T a0
K o s 40 333
w -3
g > 22186 g ol o B>
E > 105 > 203 E -50
= B > 301 » (X)96 » 333b > a 22186 220
227 o228 X
> 285 60~ 301> 227
T 284 296 o108 e
328 -70 3 > > 330
4+ > 296 >200 & F
1 L i L L L 1 1
-4 0 4 0 9 10 1 12 13 14 15 1€
Dimension 1 Dimension 1
Trace elements Heavy fraction
203
> 328
200 - 120 - > M-19
> 81 ~ > M-13
~ H M> M-6
[ . B - > M-5 R
§ 10 & (X)96 > 200 é & > M- > M-17
g 105 E & M-11
£ 22T gy e 22 8 > M.-12
a ol [ S 40 & M-1
> 285 296 301 > > M-2
> 284 333b & m-7
> M-15
-100 >3
i > 23 o > M-19 M-14
.200 1 ] 1 i Il 1 1 L
-100 0 100 200 300 400 [) 100 200
Dimension 1 Dimension 1
B Petrography
) l_
> X87
4 23 > 274 > 2%
o 287 »183
0 V-6 241 5 b330
B d X84 >83
5208 220 291 > 88 230 >126 Bp
> » >286 21 > o B
o 20 ve "7 > > 2:4 12 109,321»101 32
S >25 18 (S 72 b
g 10 [~ 2286 11 "% 333p »332b
@ > 326 331
E o > 200 > 285
a > 328
40
20
> 81 b 22/66
-30
B> 233
-40 : L !
-40 0 40
Dimension 1

Fig. 21. Plots of first two dimensions of the Crmelicum composition principal components using A geochemical, heavy fraction and all prametres

(together), B) thin sections point-counting results.

rity between B and C and A and C, implying some degree
of mixing. Most different are, according to their chemical
composition, systems A and D, and B and D.

Model of depositional and tectonic setting

Imbricate thrusted structure of the Crmelicum terrane
makes it impossible to say if measured vertical sections
through the lithological units, even if internally undistur-
bed, represent the whole stratigraphy at the location, or if

the lower or upper part has been tectonically amputated.
There was no marker horizon observed and outcrops were
usually too small to recognize any similarities in deposi-
tional bedding patterns, so the correlation within individu-
al systems was at first instance approached by comparing
basic sedimentological character of neighbouring units,
presence and abundance of facies, and then corrected by
means of multivariate statistics, especially by distribution
of samples plotted in the diagram of first two principal
components (Fig. 21). Most comprehensive character
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Fig. 22. Strike parallel correlation of measured vertical sections within individual lithological units of Crmelicum (for location see Fig. 3). a) Sys-

tem A, b) System B, ¢) System C, d) System D.

of the plot, where all quantified parametres were employed
(Fig. 21a), served as the main basis for correlation, other
plots became very useful, where it was necessary to decide
between various options, or simply because they contai-
ned more samples (petrographic parametres, Fig. 21b).
Multivariate statistics enabled us also to correlate between
the systems as well, or at least to look for similarities in
the source material or the degree of mixing.

Series of correlated sections along the strikes of indivi-
dual systems reveals largely unpredictable pattern chan-
ging substantially along short distances (Fig. 22 a, b, c,
d). System L has already been described as lenticular,
comprising several horizons (Varga, 1982). It evolves
from hemipelagic mudstones and also passes upward
through the rocks of similar character into system A
(Fig. 4). Facies of undisputably system A, but also sys-
tem B intervene to a minor extent in system L (Horsky,
1991), suggesting their time-coeval character.

Basal deposits of the system A (Fig. 22a) are different
in different places. They might coarsen gradually or start
abruptly with coarsest debris flows deposits. Slope-apron

or base-of-slope coalescing fans environment must have
been strongly influenced by topography, causing chan-
ging of thicknesses of facies associations and perhaps al-
so the whole vertical stratigraphic successions in various
places. The greatly highest thickness is preserved in the
vicinity of Bankov (southwest of KoSice) and together
with the character of facies implies most pronounced sub-
sidence and prominent source in the area. Generally sys-
tem A fines upward and becomes less important in the
context of the whole basin.

Fining, or perhaps more distal character within the sys-
tem B, can be observed more laterally (toward present day
southeast) than vertically, with the exception of the Ban-
kov area again, where coarse grained massive facies could
indicate proximality of source again. System tends to coar-
sen upward and displays two, possibly three more-less
discrete depocentres, with prominent high about section
Glle (Fig. 22b). Muddier facies of association B3 display
variable thicknesses and more than any whole basin chan-
ges in the relative sea level they could represent topografi-
cally confined sediment paths, its ponding and relative star-
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Fig. 23. Plot of means of discriminant characteristics of the main rock units of Crmelicum (including conglomerate clasts) and adjacent lithological

complexes. See text for discussion.

vation in different parts of the basin. Depositional system
seems to be longitudinal with respect to the basin axis, fil-
led mainly from the NW, in the SE most probably coales-
cing with another fan, sourced from near Bankov. There are
almost no intercalations of the system A facies in B, but
in places greenish sandstones of ”B‘ character are frequent
in A. This could reflect longitudinal topographic feature di-
viding both systems, providing more efficient confinement
for high-density and mass flows of A compared to more li-
kely overspilling turbidity currents of the system B.
Limestone bearing topographic highs separating sys-
tems C and D from the system B has already been men-
tioned. C and D show varying thicknesses again (Fig.
22¢, d), but in this case, more intense deformation (Gaz-
dacko,1994) could have highly affected preservation of the
whole stratigraphy. The only shallow marine succession
of D is preserved near Kogice, but if this was actually the
place from where quartzose sediments were redeposited,
some by-passing of muddier neighbouring facies must ha-
ve been involved. Less mature, volcanic material influen-
ced system C reaches its maximum at G8, but with ma-
jority of limestones preserved more to the southeast. As
for the mutual relationships of the systems C and D, rat-
her than overlying position their mutual interfingering
due to different sources is more probable.
Petrographically, systems A and D are quartzose, mine-
ralogically mature and both containing metamorphic lit-
hic clasts (more pronounced in A), whereas B and C and
C comprise generally immature sandstones, locally rich
in volcanic detritus. It suggests mixed sources, with Ge-
mericum and Veporicum terranes playing the most im-
portant role. Plot of results of comprehensive discrimi-
nant analysis between samples of the individual Crmeli-
cum systems as groups, representative analyses of pebble
material of the terrane, and published data on Klatov, Ra-
kovec and Cierna hora Complexes (see Methods for ref-
rences) confirms presumed relationships (Fig. 23). Sys-

tems A and B are closer in their characteristics to the Kla-
tov Complex of Gemericum, C and D to Cierna hora of
Veporicum. It is very probable therefore, that the present
day neighbouring terranes were in the same position alre-
ady in the Carboniferous time, making up one intercon-
nected tectonosedimentary setting.

High-grade metamorphics of the Klatov Complex of
Gemericum is currently interpreted as a lower crust of an
island arc with some relicts of subducted oceanic crust
(Ivan et al., 1992), Rakovec as an arc-related predomi-
nantly basic volcanic complex comprising also some as-
sociated sediments (Hovorka et al., 1988). Age of the Ra-
kovec unit has not yet been determined, but K/Ar data of
Klatov imply mostly Lower Carboniferous age (Kantor et
al., 1980). Compared to this, Cierna hora granitoids are
Upper Carboniferous (Kovach et al., 1986).

Biostratigraphic dating of conglomerates outside the stu-
dy area (Vozarova and Vozar, 1988), most possibly correla-
ting with the base of the system A, show the lower part
of Upper Carboniferous ages (Boucek and Pribyl, 1960). It
would mean that sedimentation in the Crmelicum basin
commenced synchroneously with the start of magmatic ac-
tivity in the Veporicum terrane (represented by the Cierna
hora complex) and postdated volcanism on its Gemericum
side. Such a retreat in magmatic activity is typical for the
immediate post-infancy phase in the evolution of an arc
(Stern and Bloomer, 1992), which perfectly corresponds
with the proposed timing of initiation of Paleotethys sub-
duction under Intra-Alpine terrain (Tatro-Veporicum doma-
in in the Western Carpathians; Stampfli, 1996).

Ophiolitic suite of Rakovec (Dianiska and P. Grecula,
1979) could then represent supra-subduction zone ophioli-
tes (Pearce et a., 1984) or in other words, zone of volca-
nic activity associated with initial subduction of an ocea-
nic crust. Substantial uplift must have followed this peri-
od (shallow marine or subaerial reworking of conglomera-
tic pebbles of the system A), bringing deeper crust seg-



M. Grecula: Carboniferous of Crmelicum terrane, Western Carpathians: Relict of a fore arc basin within alpide variscides 131

Fig. 24. Schematized model of depositional and tectonic setting of the Crmelicum area at earlier stages of the Late Carboniferous basin evolution.

Symbols used in the same sense as in the Fig. 25. See text for discussion.

ments to the surface (Klatov lithologies in the pebbles of
the basal conglomerates of the system A). This could ha-
ve been achieved by underplating and successive accretion
of subduction complexes followed by denudational nor-
mal faulting accompanied by tectonic exhumation (Platt,
1986) in order to recover a critical taper of trench slope. If
the reason for the uplift was a ridge subduction, accompa-
nied granitic plutonism (Barker et al., 1992) in accretio-
nary prism could explain presence of granitoid and aplitic
pebbles in conglomerates derived from Gemericum.
Second possible explanation would be fore-arc strike-
slip movement. It is present in the half of all modern arc
trench systems (Jarrard, 1986) compensating some obli-
quity in subduction. Splay or subsidiary faults then
might have also accounted for the complex topegraphy

and varying subsidence patterns in the fore-arc basin of
Crmelicum.

Generally too high quartzose character of the Crmelicum
fore-arc sediments (see Marsaglia and Ingersoll, 1992)
could be attributed to the supply of material from outcrop-
ping older high-grade metamorphics and plutons of the
Tatro-Veporicum domain. Quartzose pre-arc sedimentary
cover could stretch as a passive margin prism far to the
area of transitional or even oceanic crust and later, with
the initiation of subduction and uplift in the Gemericum
area, be shed backwards to the forming fore-arc basin as
quartz rich sedimentary lithic fragments (if it was not
strike-fed to the trench from some unrelated exotic source
as in Sumatra; Hamilton, 1988). Direct input of crystalli-
ne basement material is assumed for the system D.
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Fig. 25. Pr_oposed general stratigraphy of the Late Carboniferous sedimentary systems (L, A, B, C, D) of Crmelicum and their relationship to the
units of neighbouring terranes. Ra - Rakovec Complex, Kl - Klatov Complex, CH- Cierna hora Complex.
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Carbonates of the system L could be interpreted as a
platform (ramp) fringing either initial phase island volca-
noes or uplifted segments of evolving accretionary prism.
As the dynamics of its evolution became higher and ex-
tension in the fore-arc proceeded, platform was drowned
and buried by coarse grained clastics.

Highest topography on the contact with the Crmelicum
basin must have been composed of the Klatov high-grade
metamorphics, as they represent most of the fragmented
material in the system A. Material eroded from dissected
infancy-phase volcanoes of Rakovec complex, which pro-
bably stretched further to the present W, could enter basin
only through structural lows in the “Paleo-Klatov* ridge
(Fig. 24) producing thus system B elongate axial character.

Only little volcaniclastic debris of the coeval Cierna
hora Late Carboniferous arc is deposited in the Crmeli-
cum region (mainly system C). It suggests that volcanic
arc was probably displaced more inland, as it is in the
present day southern Mexico (Bachman and Legget,
1982), or just mutual orientation of the arc and prevailing
wind directions did not favour fore-arc region as the site
of volcaniclastic deposition.

Stratigraphic relationships of all pre-Permian litholo-
gies preserved in the Crmelicum terrane and adjacent re-
gions are suggested in the Fig. 25.

Conclusions

Carboniferous metasedimentary rocks of the Crmeli-
cum terrane were deposited in the fore-arc region by the
initiation of the subduction of Paleotethys ocean under
southern margin of the Intra-Alpine terrain, previously
accreted to the Ligerian-Moldanubian active margin of the
European platform.

Basin retained a deep-marine underfilled character
throughout its evolution. Emergent outer ridge of the Ge-
mericum accretionary prism dominated sediment supply
for the basin, following major uplift and exhumation of
high-grade metamorphic rocks of the initial volcanic zone
roots, associated with the destruction of volcanoes- (ini-
tial prism- ?) fringing carbonate platforms.

Extensive reworking in the fluvial or/and nearshore en-
vironments took place before resedimentation of the clas-
tic material to the deeper parts of the basin, which was
probably caused by the tectonic instability of narrow
shelfal areas. Predominantly conglomeratic slope apron
evolved at the same time as elongate, basin axis parallel
lobate turbidite system rich in volcaniclastic sand, fed by
the material from the dissected Gemericum volcanoes lo-
cated more toward the present northwest and west.

Magmatic activity retreated during the evolution of the
basin to the present north and northeast, but contributed
only subordinately to the basin fill. Smaller size sand-
rich fans of arcosic material formed as a result on the Ve-
poricum side of the basin, quite efficiently divided from
the rest of the basin infill by a series of basin-floor struc-
tural ridges with limestones deposited on their tops. Cry-
stalline source on the Veporicum side played more impor-
tant role as a source of detritus, causing locally anoma-

lously quartz-rich composition of the Crmelicum fore-arc
sediments.

Topography of the basin floor was much influenced by
extensional and possibly strike-slip tectonics, creating
a series of depocentres confining major groups of variably
sourced gravity flows facies and allowing only limited
mixing between them.

Correlation and reconstruction of unfossiliferous sedi-
mentary systems deformed pervasively during later -com-
pressional events of the Western Carpathians history, was
allowed by detailed sedimentary facies analysis and multi-
variate statistical analysis of a variety of quantified com-
positional data.
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APPENDIXES
Appendix 1.
Thin section point-counts (recalculated to 100 %) of analyzed Crmelicum terrane samples

Sample System Qm nu Qmu Qp2—3 Qp>3 P K Lv Lm Ls M D Misc
331 A 1.33 10.33 17 26.33 0.67 0 0.33 33.33 10.33 0.33 0 0
119 A 0 16 10 46 4 0 0 7.67 14.67 1.67 0 0
126 A 0.33 20.33 13.33 41.33 9.67 0 0 2 8.67 4.33 0 0
332b A 0 9.67 16.33 33 6.67 0 0.33 4.67 28.33 1 0 0
333b A 0.67 6 8 30 10.67 0 5 6 27.67 1 5 0
72 A 0 6.33 22.33 23.33 16.33 0 0.67 3.33 25 2.33 0 0.33
22/86 A 0.33 16 12.33 18.67 2533 0 2 433 20.33 0.67 0 0
22/66 A 0.33 7.33 5 9.33 2.67 0 29.67 1.67 42 0.67 1.33 0
81 A 0 9 12 6 5.67 0 52 2.67 11 0 1.67 0
87 A 0.33 15 15 34.33 15.67 0 0 2 17 0.67 0 0
85 A 1 25.33 22 39 333 0.33 1 3.33 1.33 3.33 0 0
80 A 0 11 11.67 52.33 0.33 0 0 6 14 2.67 1 1
312 A 0 32.67 13.33 37.33 0 0 0 8.33 7.67 0.67 0 0
X84 A 0 12.33 16.33 48.33 1.67 0 0 5 8.33 7.67 0 0.33
83 A 0 5 6.67 65 0 0 0.33 9.33 22 7.33 0.33 0.67
98 A 0 233 2.67 15.67 46.67 0 4 0.67 0 2.67 24.67 0.67
(X)96 A 6 6.67 0.67 1.33 5.33 0 0 2 77 1 0 0
105 A 1 18 18 35 7 0 3.33 2.67 5 5 2.33 2.67
107 A 0 20.33 10.67 38.67 3.67 0 1.67 4.67 14 4 0.67 1.67
111 A 1.33 18 24 17.67 16.67 0 5.33 1.67 8 4 3.33 0
14 A 3.67 28.67 7 11.33 11.33 0 11.33 7 17 2.67 0 0
12 A 1.33 31 17.67 19 20 0 3.67 4 1.67 1.33 0 0.33
196 A 0 31 17 32 2.33 0 0 8.67 5.67 1.67 0.67 1
X87 A 0 1.67 7.67 75.33 4.33 0 0 4 5.67 1.33 0 0
203 B 0 0.33 0 0 65.33 0 6.3 1 0 0.33 26.67 0
200 B 0 0.33 0 1.33 26.67 0 15 0 0 0 56.67 0
V-6 B 0 0 0 0 79 0 0 0 0 0 21 0
V-9 B 3.67 0 0.33 0 55.67 0 6 0 0 0 34 0.33
326 B 0 0 0.67 0.33 26.33 0 5 0 0 0 67.67 0
328 B l 0 0.33 2.67 16 0 8.67 0.67 0 0 70.67 0
220 B 2.33 0 0 0 61 0 5.33 1 2.33 7 21 0
221 B 0.67 0 0 0 62 0 2.67 2 0 0 32 0.67
301 B 1 3.33 0.33 0 81.67 0 0 0 0 0 13.67 0
18 B 0 0 2 5.33 31 0 1.33 0.33 0 0 60 0
17 B 0 0 8.33 1.33 48.67 0 0 0 0 0 41.33 0.33
25 B 0 1.33 0.67 0 37 0 0 0 0 0 61 0
23 B 5.33 0 0 0 87 0 0 0 0 0 7.67 0
286 C 0 3.33 2.33 51.67 0 0 40.33 0 0 0 0
233 C 0.33 4 1 4,67 9.33 1 76 3.67 0 0 0 0
284 C 2.33 29.67 9, 18 28.67 0 2.67 0.33 9 0 0 0.33
274 C 0 6.33 4.67 48.67 26.33 0 0 2.67 2.33 8.33 0.67 0
285 C 1.33 53.67 6 11 9.67 0 8.33 1.67 8.33 0 0 0
242 C 6.67 1.33 1.33 7 4.33 0 0 77.67 0.67 0 0 1
241 C 0 8 22.67 46.67 10.33 0 4 3.33 4 1 0 0
330 D 1.33 9.67 8.33 57.67 4 0 0 5.33 5 8.67 0 0
323 D 1 13 2 38 10.67 0 0 6.33 26.67 2 0.33 0
297 D 0 9.33 6.33 56.67 6.67 0 0 4.33 7.67 9 0 0
291 D 1.33 11.67 0.33 6.67 53 0 0.67 0 0 2 2433 0
296 D 0 933 7.33 60 15.33 0 0 1 2.67 4.33 0 0
230 D 0.67 12.67 21.67 33 17.67 0 3.33 2 6.67 0 2 0.33
227 D 1.67 3 15 28.67 10.33 0 0 0 0 0.67 40.67 0
305 D 0 23.67 18.33 31.67 2 0 0 2.33 12.67 9.33 0 0
183 D 0 16 9.67 64.33 0 0 0 3.67 4 2.33 0 0
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Appendix 2

Heavy fraction composition of analyzed Crmelicum terrane samples (counts per normalized sample)

Sample System Zircon Rul  Muscovite Biotite Tourmaline Amphibole Epidote Pyrite Limonite Carbonates Rock fragments

M-1 A 6 7 0 20 7 0 0 5 8 15 45

M-19 A 0 0 0 6 8 9 0 7 6 8 130

M-2 A 0 0 0 8 0 0 0 8 7 4 38

M-3 A 8 7 0 0 0 0 9 7 6 17 39

M-6 A 0 0 0 0 0 9 0 8 7 4 99

M-11 A 9 0 4 5 6 0 0 5 8 7 62

M-13 A 0 9 0 22 8 38 0 0 7 0 115

M-15 A 0 7 0 8 9 0 0 6 0 8 9

M-17 B 0 0 0 0 0 80 0 0 7 0 103

M-5 B 0 0 0 0 0 0 0 8 7 6 82

M-12 B 0 0 0 0 9 0 0 6 6 8 54

M-14 B 0 0 0 0 0 240 0 7 6 0 72

M-8 C 0 0 0 8 0 0 0 6 7 7

M-18 C 0 9 5 4 8 0 0 7 6 8

M-4 D 0 0 0 0 0 0 0 7 0 6 77

M-7 D 0 0 0 9 0 0 0 7 6 6 25

Appendix 3
Major elements composition of analyzed Crmelicum terrane samples (in wt%)

SampleSystem SiO, AlL,O; Fe,O; FeO TiO, CaO MgO MnO P,0 Na,0 K,0O Crotal Corg Stotal SO; Ssulf. H,O* LOI H,O
333b A 5816 13.84 9.24 639 1354 4.03 426 0225 0.17 299 057 017 0.02 144 001 144 019 325 0S5
22/86 A 6927 13.06 49 373 0.833 039 225 0.043 0.16 4.62 081 04 024 002 001 001 058 1.89 048
81 A 6159 1442 858 575 1.119 022 4.06 0127 0.14 148 21 032 024 001 0007 001 07 336 061
(X)96 A 61.33 13 948 553 1423 329 407 0175 018 291 033 022 009 002 001 00l 037 263 047
105 A 7995 105 215 09 0665 0.13 029 0.007 011 142 1.81 011 006 036 003 035 071 132 048
203 B 46.32 1458 13.88 9.62 3.175 626 598 0244 035 4.09 021 041 024 002 0.03 001 077 252 065
2000 B 476 1559 109 7.83 1.189 9.14 7.54 0.183 0.14 34 014 032 02 003 0.005 003 03 26 037
3280 B 4519 12.83 1254 9.26 1.352 10.69 8.88 0.188 0.13 206 0.15 0.11 004 0.04 0007 004 041 246 0.5l
220 B 6842 14.65 4.64 258 0.679 029 19 0025 0.1 185 266 048 037 0.02 0.005 002 065 232 06
301 B 69.84 1341 53 424 07 1.16 1.89 0.107 0.13 345 1.19 02 0.09 001 0007 001 038 169 027
23 B 608 14.14 875 323 0.69 508 2.17 0.098 0.11 285 023 103 094 003 0.003 003 0.81 237 083
284 C 8115 742 15 09 078 1.18 068 0016 0.08 156 202 027 003 003 005 00! 051 144 039
285 C 763 1252 099 05 0212 081 07 0012 004 386 215 073 06 00l 00l 00! 033 125 034
3042 C 7024 158 377 057 0594 0.13 1.0l 0046 008 037 394 034 027 00l 0006 001 057 256 0.39
330 D 8032 1098 095 061 061 061 031 0008 005 09! 263 026 003 00! 0004 00! 033 1.83 043
296 D 8138 954 1.3 124 0469 036 031 0017 009 456 06 0.8 0.12 0009 0008 0.008 041 031 0.39
227 D 7248 136 289 0.61 0415 0.15 099 0005 008 O.11 572 002 002 00l 0009 00l 029 1.89 0.39
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Appendix 4
Trace elements composition of analyzed Crmelicum terrane samples (in ppm)

Sample System Cr Ni As Sb Sr Li Zn Pb Co Cu Rb Zr
333b A 70 49 23 2.5 452 27 106 9 22 20 25 127
22/86 A 60 30 25 1.1 115 17 63 4 12 19 45 201
81 A 115 66 24.6 3.5 68 28 184 12 94 72 75 168
(X)96 A 100 52 1.6 1.4 225 17 87 3 28 38 21 124
105 A 95 16 17 5.5 36 9 19 8 2 9 72 106
203 B 65 21 1.6 0.5 1.1 12 123 4 30 78 14 203
200 B 225 70 5.5 1.9 334 11 92 7 29 23 13 78
328 B 315 86 14 0.6 169 14 85 4 34 75 18 72
220 B 70 15 5.8 1.6 101 28 77 7 4 22 115 189
301 B 85 25 23 0.6 181 38 83 3 15 17 54 223
23 B 55 32 4.8 22 453 12 60 15 19 145 12 150
284 C 60 19 3.1 1.1 155 24 44 25 4 8 63 321
285 C 20 6 1.2 1.2 81 8 12 3 0.5 3 77 99
304a C 45 18 16.4 0.8 45 23 53 23 5 15 132 209
330 D 55 10 42 0.9 38 2 15 4 0.5 7 98 80
296 D 105 24 4.3 1 152 2 17 4 11 9 32 70
227 D 45 16 1.6 04 23 13 27 3 5 2 196 104
Sample System Yb La Sc Y \% Ce Sn B Ge Ga Bi Mo
333b A 3 26 25 30 210 48 2 15 4 26 1 0.1
22/86 A 3 33 11 24 90 59 2 10 4 25 0.4 0.2
81 A 3 27 27 24 175 50 2 35 3 27 0.4 1.2
(X)96 A 3 19 26 26 200 44 2 25 2 23 0.1 0.1
105 A 2 28 8 18 55 50 2 65 2 22 0.1 0.4
203 B 4 22 45 33 360 54 2 4 4 14 0.3 0.15
200 B 3 8 38 23 205 21 1 10 4 12 0.06 0.1
328 B 3 52 49 20 275 23 1 4 3 7 0.1 0.13
220 B 2 39 11 22 80 66 2 40 3 26 0.2 0.6
301 B 2 23 13 17 85 49 1 25 3 26 0.1 0.1
23 B 4 44 17 30 80 87 3 10 3 21 0.3 0.4
284 C 2 34 6 21 35 57 2 30 4 10 0.1 1.2
285 C 1 14 2 8 25 31 1 30 2 21 0.05 0.5
304a C 3 25 9 24 55 46 3 12 4 26 0.1 0.15
330 D 1 26 8 14 50 45 2 35 3 15 0.1 0.5
296 D 1 6 4 5 60 12 1 35 3 20 0.04 1.6
227 D 2 35 6 19 50 64 2 110 2 13 0.1 0.15
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Fauna vrchnej ¢asti holi¢skeho siavrstvia (sarmat) v Skalici
(viedenska panva)

KLEMENT FORDINAL a ADRIENA ZLINSKA

Geologicka sluzba SR, Mlynskd dolina 1, 817 04 Bratislava

(Dorucené 24. 11. 1997, revidovand verzia dorucend 19. 1. 1998)

Fauna of the upper part of Holi¢ Formation (Sarmatian) in Skalica (Vienna Basin)

The Holi¢ Formation cropping out in Skalica contains a rich fauna of molluscs (gastropods, bivalves),
foraminifers and ostracodes. On the basis of mentioned fossil groups the studied sediments were ranged
to the Upper Sarmatian s. str., according to bivalves to the Upper Ervilia Member on the basis of fora-
minifers to the Porosononion granosum Zone and according to ostracodes to the upper part of the zone
with plentiful occurrence of Aurila notata - Cyamocytheridea leptostigma leptostigma and the terminal
part of fossils-bearing sediments to the Hemicytheria hungarica - Leptocythere cejcensis Subzone.
For the first time the presence of the genera Neocytherideis and Pontocythere was established in ostra-
cod assemblages of Sarmatian sediments. In the studied sediments the presence of marine genera
of foraminifers, ostracodes and gastropods was established.

Key words: Vienna basin, Sarmatian, gastropods, bivalves, foraminifers, ostracodes

Uvod

Holi¢ske stvrstvie, vekovo zahfiajice cely sarmat,
vystupuje na povrch pri Holiéi, Skalici, Radimove, Uni-
ne a v okoli Smrdak. Litologicky sa skladd z pestrého
ilu, siltu, hruboklastickych pies€ito-§trkovitych sedimen-
tov, sivych pelitickych sedimentov a piesku aZ pieskovca
(Banacky et al., 1996).

Pre vrchnu Cast holi¢skeho stivrstvia je charakteristicky
piesok a pieskovec. Ide prevaZne o jemnozmny piesok a pies-
kovec sivej aZ sivoZltej farby, horizontdlne zvrstveny, s eri-
novym a Sikmym zvrstvenim. Typicky odkryv tychto pies¢i-
tych vrstiev je v Skalici (obr. 1). Sedimenty obsahuji bohatt
faunu mikkySov (gastropdd a bivalvii), foraminifer, ostrakéd
a zriedka otolity ryb. MakkySe (gastropdda, bivalvia) a ostra-
kdda boli spracované Fordindlom a foraminifery Zlinskou.

Studovany odkryv je v zédreze svahu pri Zelezni¢nej sta-
nici. Rozli§ili sme v fiom pét vrstiev a zhora nadol ich
oznacCujeme Cislicou 1 az 5 (obr. 2).

Z vrchnosarmatskych sedimentov $ir§ieho okolia Skalice
uZ bola opisana relativne bohaté fauna. Ctyroky (in Dorni¢
- Kheil, 1963) pri orientatnom vyskume sedimentov oko-
lia StrdZnice upozornil na hojny vyskyt druhu Turritella
(?Haustior) sarmatica Papp, ktory predtym uvadzal Papp
(1956) len z okrajovych €asti spodného sarmatu (risové
vrstvy). Z foraminifer sa z tejto oblasti v zéne Porosono-
nion granosum zaznamenal vyskyt druhu Porosononion
granosum (Orb.), Ammonia beccarii (L.), Nonion bogda-
nowiczi Volosh., Elphidium div. sp. /E. ex gr. crispum
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(L.), E. aculeatum (Orb.), E. ex gr. rugosum (Orb.),
E. macellum (Ficht. et Moll)/. Zistili sa i ostrakéda Para-
cypris aff. tarchanensis (Suzin), [(Phlyctenophora farkasi
(Zal.)], Haplocytheridea dacica dacica (Héjj.) [Hemicypri-
deis dacica (Héjj.)], Cytheridea hungarica Zal.) [?], Cya-
mocytheridea leptostigma leptostigma (Rss.)) [ident.], Mio-
cyprideis janoscheki Koll.) [M. sarmatical, Heterocythe-
reis (Hemicytheria) aff. méhesi (Zal.)) [?1, Mutilus (Aurila)
aff. levis (Schn.)) [Aurila notata], Leptocythere sp. 1, 1I)
[cf. Leptocythere cejcensis Zelenka), Cyprideis ex. tubercu-
lata (Méh.) [?], Heterocythereis (Hemicytheria) lorenthey
(Méh.) [?], Leptocythere mironovi (Schn.) [L. tenuis].
(Dorni¢ a Kheil, 1963). Uvedené ostrakdda revidoval Ze-
lenka (1989) a si uvedené pri druhu v hranatej zatvorke.

Makrofauna
Maikkyse

Bohaté spoloCenstva mikkySov (gastropdd, bivalvii)
sa nasli vo vrstve 1, 4 a 5 (fototab. 1, tab. 1, obr. 2).

Vrstva 1 sa vyznacuje prevahou bivalvii. Dominantné
zastipenie v spolo€enstve md poddruh Ervilia dissita po-
dolica (Eichwald), chudobnejSie druh /rus dissitus (Eich-
wald). Z gastropéd ma najbohatsi vyskyt druh Acteocina
lajonkaireana (Basterot).

Vrstva 4 ma podobny charakter ako vrstva 1. Najviac je
v nej exempldrov Ervilia dissita podolica (Eichwald)
a ITrus dissitus (Eichwald).
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Obr. 1. Lokalizacia odkryvu - lokalita je vyznagen4 hviezditkou.
Fig. 1. Localization of outcrop - the locality is designated by the star.

kvartér
(Quaternary)

vrstva 1 - piesky
(bed 1 - sands)

vrstva 2 - piesky
(bed 2 - sands)

vrstva 3 - pieskovce
(bed 3 - sandstones)

vrstva 4 - ilovité piesky

(bed 4 - clayey sands)

vrstva 5 - piesky
(bed 5 - sands)

Obr. 2. Schematicky litologicky profil.
Fig. 2. Schematic lithological profile.

Tab. 1
Kvantitativne zastipenie gastropéd a bivalvii vo vrstvich
Quantitative representation of gastropods and bivalves in beds

Druhy Vrstvy

1 4 5
Gastropdda
Acmaea soceni Jekelius 1
Calliostoma poppelacki (M. Hoernes) 2 1
Calliostoma angulatum spirocarinatum (Papp) 1
Gibbula hoernesi Jekelius 2 2
Clithon pictus (Férussac) 15
Hydrobia elongata (Eichwald) 5 8
Hydrobia stagnalis stagnalis (Basterot) 5
Hydrobia soceni Jekelius 4
Hydrobia sp. 5
Caspia graciliformis Papp 6
Cerithium sp. 2
Acteocina lajonkaireana (Basterot) 14
Actaeon vindobonensis (Handmann) 2
Bivalvia
Musculus sarmaticus (Gatujev) 2 2 1
Modiolus sp. l
Cardium vindobonense Laskarev 2 1
Cardium latisulcum Muenster 1 4 6
Irus dissitus (Eichwald) 10 30
Gastrana fragilis (Linnaeus) 1
Donax dentiger dentiger Eichwald 1
Mactra vitaliana Laskarev l
Mactra vitaliana eichwaldi Laskarev l
Ervilia dissita podolica (Eichwald) 255 40
Ervilia dissita dissita (Eichwald) 1

Vrstva 5 je charakteristickd prevahou gastropdd s domi-
nantnym postavenim Pirenella picta mitralis Eichwald.
Nagli sa v nej aj dva exemplare reliktného morského druhu
Actaeon vindobonensis (Handmann), predtym zndmeho iba
z erviliovych vrstiev lokality Holles (Papp, 1954, 1956).

Sarmatské sedimenty na zdklade mikkySov rozdelil
Papp (1954, 1956). Vy¢lenil risové, erviliové, maktrové
vrstvy a zénu ochudobnenia (obr. 3). Podla masového vy-
skytu poddruhu Ervilia dissita podolica (Eichwald), cha-
rakteristického pre vrchnt ¢ast erviliovych vrstiev, sme
Studované sedimenty zaradili do vrchnej Casti erviliovych
vrstiev, t. j. do spodnej Casti vrchného sarmatu s. str.

Mikrofauna

Foraminifery
(Fototab. II-III, tab. 2)

Vrstva 1. Kvantitativne bohatd autochténnu asocidciu fo-
raminifer tvoria plytkovodné druhy rodu Ammonia, Elphi-
dium, Porosononion a jeden exemplar rodu Lobatula.

Vrstva 4. Faunu foraminifer charakterizuje bohaty vy-
skyt plytkovodnych rodov, najmé Elphidium (napr. E.
macellum (F.-M.), E. hauerinum (Orb.), E. glabrum
Bystricka, E. rugosum (Orb.), E. flexuosum flexuosum
(Orb.) atd.). Poetné zastipenie ma Ammonia beccarii
(L.) a Porosononion granosum (Orb.). Ostatné formy sa
vyskytuji len velmi vzacne.
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Tab. 1. 1 - Acimaea soceni Jekelius, vrstva 5, 2 - Pirenella picta mitralis (Eichwald), vrstva 5, zv. 3,2x - Acteon vindobonensis (Handmann), vrstva 5,

4 - Donax dentiger dentiger Eichwald, vrstva S, zv. 3,2x, 5 - Musculus sarmaticus Gatujev, vistva 1, 6 - Cardium latisulcum Muenster, vrstva 5, zv.
2,6x, 7 - Ervilia dissita podolica (Eichwald), vrstva 1, zv. 3,3x, 8 - Spirorbis heliciformis Eichwald, vrstva 5.

Table L. | - Acmaea soceni Jekelius, bed 5, 2 - Pirenella picta mitralis (Eichwald), bed 5, magn. 3.2x - Acteon vindobonensis (Handmann), bed 5,
4 - Donax dentiger dentiger Eichwald, bed 5, magn. 3.2x, 5 - Musculus sarmaticus Gatujev, bed 1, 6 - Cardium latisulcum Muenster, bed 5, magn.
2.6x, 7 - Ervilia dissita podolica (Eichwald), bed 1, magn. 3.3x, 8 - Spirorbis heliciformis Eichwald, bed 5.
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Tab. IL. 1-2 - Ammonia beccarii (L.), vrstva 4, 3 - Nonion biporus Kraseninnikov, vrstva 4, 4-5 - Porosononion granosum (Orb.). vrsiva 4,
6 - Elphidium hauerinum (Orb.), vrstva 4, 7-8 - Elphidium rugosum (Orb.). vrstva 4, 9 - Elphidium glabrum Bystrickd. vrstva 4.

Table IL. I-2 - Ammonia beccarii (L.). bed 4., 3 - Nonion biporus KraSeninnikov, bed 4, 4-5 - Porosononion granosum (Orb.), bed 4, 6 - Elphidium
hauerinum (Orb.). bed 4. 7-8 - Elphidium rugosum (Orb.). bed 4. 9 - Elphidium glabrum Bystricka. bed 4.

Vrstva 5. Obsahuje identické spoloCenstva plytkovod-
nych sarmatskych foraminifer ako vrstva 4, ale v obi-
dvoch vrstvach sa velmi sporadicky vyskytuji aj morské
formy, napr. z planktonickych rodov Globigerina, Globi-
gerinoides, Globorotalia a z bentonickych Bolivina, Buli-
mina, Pappina, ktoré do $tatistiky kvantitativneho zastd-
penia nevstupujud (obr. 4).

Zo sedimentov vrchného sarmatu sa uZ opisovali rody
morskych foraminifer. Zistili sa v zéne Porosononion

granosum vo vrtoch v oblasti Hodonin - Holi¢. Nasli sa
zakrpatené formy rodu Bolivina, Buliminella, Cassidulina
a Cibicides (Pokorny, 1954). Z tejto zony opisal JifiCek
(1972) zéstupcov rodu Bolivina. Podobné vysledky dosiahla
Brestenskd (1971, 1974) pri mikrobiostratigrafickom
vyskume sarmatu vychodného okraja Podunajskej niZiny.
V panve Zsambék v Madarsku bola vo vrchnom sarma-
te s. str. vyClenend biozéna Spirolina austriaca. Vyzna-
Cuje sa faunou foraminifer poukazujicou na teplé plytko-
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Tab. IIL. | - Bulimina striata striata Orb. vrstva 5, 2 - Bulimina elongata Orb., vrstva 5, 3 - Bolivina hebes Macfad, vrstva 5, 4 - Globorotalia sp.,,
vistva 5, 5 - Globorotalia sp., vrstva 5, 6 - Globigerinoides sp., vistva 5, 7 - Asterigerinata planorbis (Orb.), vrstva 5, 8 - Pappina sp., vrstva 5.
Table IIL. | - Bulimina striata striata Orb. bed 5, 2 - Bulimina elongata Orb., bed 5, 3 - Bolivina hebes Macfad, bed 5, 4 - Globorotalia sp.;, bed 5,
5 - Globorotalia sp.,, bed 5, 6 - Globigerinoides sp., bed 5,7 - Asterigerinata planorbis (Orb.), bed 5, 8 - Pappina sp., bed 5.

morské lagundrne prostredie prechadzajiice niekedy az do
hypersalinného prostredia, ¢o poukazuje na epizodicku
komunikdciu s Tetydou (Goérog, 1992).

V zmysle Clenenia sarmatu podla Grilla (1941) $tudo-
vané sedimenty v Skalici patria biozéne Porosononion
granosum. V tomto pripade ide o zénu maximéalneho
rozvoja (acmezone).

Ostrakoda
(Fototab. IV-V, tab. 3)

Vrstva 1. Je charakteristicka vyskytom druhu Cyprideis
pannonica (Méhes), Cyamocytheridea leptostigma lepto-
stigma (Reuss), Hemicytheria omphalodes omphalodes
(Reuss), Aurila notata (Reuss). Zriedka su zastipené
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Stuped Rozdelenie podia makkysov Foraminiferoveé zény Ostrakodové zony
(Papp, 1954) (Grill, 1941) (Zelenka, 1989, 1990)
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Obr. 3. Rozdelenie sarmatu s. str. na zaklade mikkysov, foraminifer a ostrakod.
Fig. 3. Subdivision of the Sarmatian s. str. on the basis of molluscs, foraminifers and ostracodes.

| ——Porosononium granosum (0Orb.) ‘

| =@~ Ammonia beccarii (L.)
| e @1f (014

Obr. 4. Kvantitativne zastipenie rodov (druhov) foraminifer
vo vrstvach.

Fl% g Quantitative representation of foraminifer genera (species)
in beds.

Loxoconcha cejcensis Zelenka a rod Neocytherideis
a Pontocythere. Zistil sa aj vyskyt rodu Cnestocythere.

Vrstva 4. Vyznaduje sa pritomnostou Cyamocytheridea
leptostigma leptostigma (Reuss), Hemicytheria omphalo-
des omphalodes (Reuss), Leptocythere cejcensis Zelenka,
Leptocythere naca (Méhes).

Vrstva 5. Dominantné zastdpenie v spoloCenstve ma
poddruh  Cyamocytheridea leptostigma leptostigma
(Reuss), menSie Hemicytheria omphalodes omphalodes
(Reuss), Callistocythere egregia (Méhes), Hemicyprideis
dacica dacica (Héjjas) a Cyprideis pannonica (Méhes).

Sarmatské sedimenty na zaklade ostrakdd rozdelil Jifi-
¢ek (1974, 1975, 1983) a Zelenka (1989, 1990). V Swdii
sa pridrZziavame klasifikacii Zelenku (1990; obr. 3), podla
ktorej mozno konstatovat, Ze §tudované sedimenty patria
do vrchnej ¢asti zony rozsahu Aurila notata. Pritomnost
druhu Leptocythere cejcensis Zelenka umoznuje zaradit
vrstvu | aZz 4 do subzony Hemicytheria hungarica -
Leptocythete cejcensis a vrstvu 5 do vrchnej ¢asti zony
hojného vyskytu Aurila notata - Cyamocytheridea lepto-
stigma leptostigma.

Zaujimava je pritomnost morskych rodov ostrakéd v Stu-
dovanych vzorkéch. Ide o rod Cnestocythere a Neocytherideis.
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Tab. IV. | - Phlyctenophora farkasi (Zalanyi), vrstva 1, 2 - Cyprideis pannonica (Méhes), vrtsva 5, 3 - Cyamocytheridea leptostigma lepiostigma
(Reuss), vrstva 5, 4 - Hemicyprideis dacica dacica (Héjjas), vrstva 5, 5 - Hemicytheria omphalodes omphalodes (Reuss), vrstva 4, 6 - Callistocythere
egregia (Méhes), vrstva 4, 7-8 - Ponrocythere sp., vrstva 4.

Table IV, 1 - Phlyctenophora farkasi (Zalanyi), bed 1, 2 - Cyprideis pannonica (Méhes), bed 5, 3 - Cyamocytheridea leptostigma leptostigina
(Reuss), bed 5, 4 - Hemicyprideis dacica dacica (Héjjas), bed 5, 5 - Hemicytheria omphalodes omphalodes (Reuss), bed 4, 6 - Callistocythere egregia
(Méhes), bed 4, 7-8 - Pontocythere sp., bed 4.
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Tab. V. 1-2 - Leptocythere naca (Méhes), vrstva 4, 3-4 - Neocytherideis sp., vistva 5, 5 - Leptocythere cejcensis Zelenka, vrstva 4, 6 - Cnestocythere
sp. vistva 1, 7 - Loxoconcha kochi (Méhes), vrstva 1, 8 - Aurila notata (Reuss), vrstva 1.

Table V. -2 - Leptocythere naca (Méhes), bed 4, 3-4 - Neocytherideis sp., bed 5, 5 - Leptocythere cejcensis Zelenka, bed 4, 6 - Cnestocythere sp.
bed 1, 7 - Loxoconcha kochi (Méhes), bed 1, 8 - Aurila notata (Reuss), bed 1.
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Tab. 2
Kvantitativne zastipenie foraminifer vo vrstvach
Quantitative representation of foraminifers in beds

Tab. 3
Kvantitativne zastupenie ostrakéd vo vrstvach
Quantitative representation of ostracodes in beds

Druhy Vrstvy Druhy Vrstvy

1 4 5 1 4 5 1 4 5
Porosononion granosum (Orb.) + + + 83 38 22 Phlyctenophora farkasi (Zalanyi) 1
Ammonia beccarii (L..) + 4+ + 151 19 40 Cyamocytheridea leptostigma
Elphidium aculeatun (Orb.) + o+ 4+ leptostigma (Reuss) 26 14 79
E. fichtelianum (Orb.) + Cyprideis pannonica (Méhes) 30 2
E. ex gr. flexuosum (Orb.) + Cyprideis tuberculata (Méhes) 3
E. flexuosum flexuosum (Orb.) + o+ Cyprideis sp. 30 8 1
E. macellum (F.-M.) + o+ o+ Hemicyprideis dacica dacica (Héjjas) 3
E. aff. hauerinum (Orb.) + Miocyprideis sp. 1
E. hauerinum (Orb.) + o+ Aurila notata (Reuss) 5 2
E. rugosum (Orb.) + o+ Aurila sp. 7 3 2
E. obtusum (Orb.) + Hemicytheria omphalodes omphalodes (Reuss) 15 14 21
E. glabrum Bystricka + Hemicytheria sp. 3 2 29
Elfidia spolu: 351 251 100 Callistocythere egregia (Méhes) 3 6
Sporadicky vyskyt: Leptocythere naca (Méhes) 6 1
Asterigerinata planorbis (Orb.) + Leptocythere cejcensis Zelenka 8 6
Bolivina hebes Macfad. + Leptocythere sp. 4 12
Bolivina sagittula Didk. + Loxoconcha kochi (Méhes) 6 3
Bolivina scalprata miocenica Macfad. + Loxoconcha cf. kochi (Méhes) \
Bulimina aculeata Orb. + Loxoconcha sp. 30 49 6
Bulimina elongata Orb. + Xestoleberis sp. 23 . 16
Bulimina striata striata Orb. + Cnestocythere sp. 1
Cassidulina laevigata Orb. + Neocytherideis sp. 1 25
Globigerina sp. + o+ Pontocythere sp. 1 5
Globigerinoides sp. + Candona sp. 1
Globorotalia sp. 1 +
Globorotalia sp. 2 +
Hanzawaia boueana (Orb.) +

Lobatula lobatula (W .-].) +
Nodosaria badenensis Orb.

Nonion biporus Kra¥ninnikov

Nonion tumidulus Pishw.

Pappina cf. bononiensis Fornasini
Pappina sp. +
Protelphidium bogdanowiczi (Volosh.)
Sinuloculina consobrina (Orb.)

+ 4+ o+ o+

+ +
+

Rod Cnestocythere zo sedimentov vrchného sarmatu je
znamy uz ddvnejsie. Zo slovenskej Casti podunajskej pan-
vy ho uviedla Brestenskd (1972) a z rakuskej Casti Vie-
denskej panvy Cernajsek (1974). Okrem tohto rodu sd
z vrchnosarmatskych sedimentov zndme aj dalSie morské
rody, a to Hermanites a Cytheretta (Brestenska, 1972;
Cernajsek, 1974; Zelenka, 1989).

V sarmatskych sedimentoch sa zastupcovia rodu Neo-
cytherideis a Pontocythere zistili prvy raz. Na$li sa
schranky juvenilnych aj dospelych foriem, ¢o ich redepo-
ziciu zo star§ich sedimentov vylucuje. Proti ich alochtdn-
nemu vyskytu sved¢i aj dobrd zachovanost velmi kreh-
kych schranok.

Vrchny sarmat centralnej Paratetydy zodpovedd spodnej
Casti besardbu vo vychodnej Paratetyde alebo strednému
sarmatu v SirSom zmysle. V Zakarpatsku sa v strednom
sarmate (alma3skd suita) vyskytuju stenohalinné morské
druhy ostrakéd Haplocytheridea seminulum (Reuss), Tra-
chyleberis transylvanica (Reuss), Cnestocythere truncata
(Reuss) a euryhalinné Cushmanidae sublaeivis (Reuss),
Miocyprideis janoscheki Kollmann, ktoré mozZno korelovat

s ostrakddami vrchného sarmatu s. str. Rakuska, Sloven-
ska a stredného sarmatu s. 1. Bulharska (Buryndina, 1974).

Iné fosilne zvysky

Vo vrstve 4 sa nagiel otolit Gobius triangularis Wieler
a vzécne ihlice silicispongii (Zlinska, 1991) a vo vrstve 5
rarka &erva Spirorbis heliciformis Eichwald.

Diskusia

Studované sedimenty sme biostratigraficky zaradili na
zaklade fosilnych skupin, a to podla bivalvii (masovy vy-
skyt poddruhu Ervilia dissita podolica Eichwald) do vrch-
nych erviliovych vrstiev, podla foraminifer do zony Po-
rosononion granosum a podla ostrakéd do vrchnej Casti
z6ny rozsahu Aurila notata. Pritomnost druhu Lepto-
cythere cejcensis Zelenka umoZiuje presnejSie zaradit
vrstvu 1 az 4 do subzény Hemicytheria hungarica -
Leptocythete cejcensis a vrstvu 5 do vrchnej Casti zony
hojného vyskytu Aurila notata - Cyamocytheridea lepto-
stigma leptostigma (tab. 3).

Vsetky uvedené zony patria do vrchného sarmatu s.
str., ale disproporcia je medzi zaradenim predmetnych se-
dimentov na zdklade bivalvii a ostrakod. Vrchné erviliové
vrstvy predstavujd spodni Cast vrchného sarmatu a ostra-
kédova subzona Hemicytheria hungarica - Leptocythete
cejcensis najvrchnejSiu ¢ast vrchného sarmatu.

Pritomnost morskych rodov foraminifer (Globigerina,
Globigerinoides, Bulimina, Bolivina, Uvigerina atd.), ostra-
kod (Cnestocythere, Neocytherideis) a gastropoda (Acteon
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vindobonensis Handmann) vo vrchnosarmatskych sedimen-
toch sa da vysvetlit kratkotrvajicou komunikaciou medzi
viedenskou panvou a tetydnou oblastou v uvedenom obdobi.

Toto konStatovanie mozno potvrdit situdciou v panve
Zsambék v Madarsku, kde v tom Case bolo plytké mor-
ské a7z hypersalinné prostredie (Gordg, 1992), o sa zisti-
lo aj v strednom sarmate s. I. Moldavska (Bobrinskaja
a Buryndina, 1981).

Spojenie centralnej Paratetydy s Tetydou vo vrchnom
sarmate s. str. potvrdzuji aj geochemické §tidia. Ich za-
kladnym metodickym principom je, Ze sa v chemickom
zloZeni sedimentdrnych hornin odrdZa hydrochemicky cha-
rakter sedimenta¢ného prostredia. Primarnym faktorom vy-
voja sedimentdcie je obsah sorbovanych alkalii (Na, K),
ktorych zastipenie priamo zavisi od salinity a mineraliza-
cie vody pri sedimentacii. Obsah Na v sedimentoch vrchné-
ho sarmatu vrtu Zvon¢in 3 a Senec 1 je nad limitom pre
brakicki a pod limitom pre morskd vodu. Jeho maximalne
hodnoty potvrdzuju ich takmer morsky vyvoj, aj ked treba
pripustif isty vplyv brakickej vody (Michali¢ek, 1960).
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Fauna of the upper part of Holi¢ Formation (Sarmatian) in Skalica (Vienna Basin)

The upper part of the Holi¢ Formation, formed by sands and
sandstones, is cropping out in Skalica (Figs. 1 and 2). It is
characterized by a rich fauna of molluscs (gastropods, bival-
ves), foraminifers and ostracodes (Tabs. 1—3, Fototabs. [—V).

The sediments exposed in Skalica were ranged biostrati-
graphically especially on the basis of mollusc (bivalves),
foraminifers and ostracods. On the basis of bivalves they we-
re attributed to the Upper Ervilia Member (Papp, 1954),
according to foraminifers to the Porosononion granosum Zo-
ne (Grill, 1941) and on the basis of ostracodes to the upper
part of the zone with plentiful occurrence of Aurila notata -
Cyamocytheridea leptostigma leptostigma (bed 5) and the Hemi-
cytheria hungarica - Leptocythere cejcensis Subzone (Zelenka,
1990) (beds 1-4).

In ostracod association from Skalica the occurrence of the
genera Neocytherideis and Pontocythere was established first
in Upper Sarmartian sediments.

In the studied Upper Sarmatian sediments the presence of

marine genera of foraminifers (Globigerina, Globigerinoides,
Buliminina, Bolivina, Uvigerina etc.), ostracods (Cnestocythe-
re, Neocytherideis) and gastropods (Acteon vindobonensis
(Handmann)) was observed. The mentioned fact may be ex-
plained by short-dated connection of the Vienna Basin with
the Tethys throught the Upper Sarmatian s. str.. .

The presence of marine forms in coeval sediments was al-
so established in the Danube basin (Brestenskd, 1972), in
the Zsambék Basin in Hungary (Gorog, 1992), in Transcar-
pathia (Buryndina, 1974) and Moldavia (Bobrinskaja-Bu-
ryndina, 1981).

Connection of the Danube basin with the Tethys and so al-
so increasing salinity is indicated by geochemical studies
realized in borehole Zvoné&in 3 and Senec 1. Na contents in
Upper Sarmatian sediments from the mentioned boreholes
are above the limit for brackisch waters and below the limit
for marine waters. Their maximum values are an evidence
of their almost marine development (Michalitek, 1960).
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Aplikicia arzenopyritového geotermometra na lozisku Pezinok-Kolarsky vrch
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(Dorucené 6. 10. 1997, revidovand verzia dorucend 15. 12. 1997)

Application of arsenopyrite geothermometer from Pezinok deposit (Western Carpathians, Slovakia)

The presented study shows the results of the comparison between paleothermocryometric data and
arsenopyrite geothermometry sensu Sundblad et al. (1984) and Kretschmar and Scott (1976), applied to
the hydrothermal mineralization at Pezinok deposit.

Inhomogeneous composition of gold-bearing arsenopyrite I made impossible to use it as a geother-
mometer. Paleothermocryometric data from inclusions of arsenopyrite I accompanying quartz give
average homogenization temperatures about 225 °C. Calculated crystallization temperatures are 425-
450 °C. The salinity of the aqueous solutions is low: 6 +2 wt. % NaCl equiv. and the density of fluids
was 0.88 g/cm’.

Arsenopyrite Il geothermometer sensu k.retschmar and Scott (1976) gives temperatures 320-410 °C.
Values after Sundblad et al. (1984) give wider temperature range: from 350 to 450 °C. Paleothermo-
cryometric study of quartz in paragenetical association with arsenopyrite II gives lower crystallization
temperatures: 350-390 °C. The salinity of the aqueous fluids is 7 £ 2 wt. % NaCl equiv. The temperature

of the eutectic point was lower then -45 °C and the fluid density range from 0.98 to 0.93 g/cm?.

Key words: arsenopyrite geothermometry, fluid inclusions, pressure

Velka variabilita pomeru As/S v arzenopyrite umoZiu-
je vyuZit tento hojne sa vyskytujuci sulfidicky minerél
ako vhodny geotermometer. Clark (1960) Studoval fizova
rovnovahu systému Fe - As - S v rozmedzi 400—750 °C
vo vztahu k tlakovym podmienkam (do 2,07 kbar). Jeho
geotermometer je zaloZeny na zmene hodndt pri rtg
difrak¢nej analyze arzenopyritu, ktoré ovplyviiuje chemic-
ké zloZenie a teplota vzniku mineralu. Dalsie doleZité
informdcie o systéme Fe - As - S prinaSaju Bartonove
experimentédlne prace (1969, 1970). Kretschmar (1973)
a Kretschmar a Scott (1976) vypracovali komplexny
systém vyuZitia tychto tdajov.

Arzenopyritovy geotermometer uspeSne vyuZili viaceri
autori (Either et al., 1976; Berglund a Ekstrom, 1980;
Scratch et al., 1984; Sundblad et al., 1984; Radvanec
a Bartalsky, 1988; Sachan a Chovan, 1991, a i.).

Barton a Skinner (1979) a Ontojev (1984) upozorfiuji
na niektoré problémy pri aplikécii tohto geotermometra
najmi v systémoch pri niZ3ej teplote ako 400 °C a nepo-
vazuji ho za dostato¢ne spolahlivy. Ale ako porovnava-
cia metdda, dopliiajica paleotermometrické udaje z mera-
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nia v plynno-kvapalnych uzavreninach, moZe poskytovat
mimoriadne cenné informdcie.

Mineralogicko-parageneticka charakteristika loZiska

Lozisko Pezinok-Kolarsky vrch v Malych Karpatoch
leZi uprostred krystalickych bridlic (amfibolitov, aktinoli-
tickych bridlic, ral, fylitov), ktoré s pretinané Zilnymi
telesami granodioritov. MoZno v fiom rozliSit dva zaklad-
né typy rudnej mineralizicie: 1. metamorfované, pévodne
exhalaénosedimentarne pyritovo-pyrotinové zrudnenie
a 2. hydrotermdlne polymetalické zrudnenie s Sb a Au ru-
dami (Cambel, 1959). Mineralizicie priestorovo a gene-
ticky savisia (Chovan et al., 1992). Cambel a Khun
(1983) pokladaju za zdroj rudy Cierne bridlice paleozoické-
ho veku, metavulkanity a metasedimenty, z ktorych sa
kovové prvky mobilizovali pri regiondlnej metamorféze
a pod vplyvom intrizie granitoidov.

LoZisko sa viaze na mohutnti poruchovid 3truktiru
petrograficky variabilnych fylitov a ruly s hojnym vysky-
tom ¢iernych bridlic.
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Obr. 1. Agregat nehomogénnych krystalov zlatonosného arzenopyritu
| zo 316lne Buducnost (tmavsie zony su obohatené o Sb).

Fig. 1. Back scattered electron image of the polished section of inho-
mogenous gold-bearing arsenopyrite | aggregate (dark zones are
Sb-rich): sample from the Buducnost adit.

Zrudnend zéna smeru SZ-JV so sklonom 60-90° na SV
alebo JV md vrasovu antiklindlnu stavbu (Cambel,
1959). Poruchova zoéna dosahuje mocnost 50—70 m
a dizku do 1000 m (Polak a Rak. 1980; Mrdkava, 1977).
Nepravidelné zrudnenie vystupuje v podobe kratkych kar-
bonatovo-sulfidickych Ziliek, hniezd a povlaku.

Stadium rudy loZiska umoziiuje vy&lenit $tyri periody
hydrotermdlneho zrudnenia (Andrd3, 1988b): 1. kremen-
no-arzenopyritovi, 2. kremenno-pyritovo-arzenopyritovi
s Isllingitom, 3. kremenno-karbondtovo-antimonitovu
a 4. antimonitovo-kermezitovu.

Lozisko ma dve generdcie arzenopyritu, a to 1. zlato-
nosny arzenopyrit I a 2. mladsi hrubozrnny arzenopyrit I1.

Zlatonosny arzenopyrit I (obr. 1) vznikol ako produkt

2 §S* %o

Obr. 2. Distribtcia izotopov §%S v arzenopyrite 1, 11 a v pyrite II
alll. I - arzenopyrit 1, 2 - arzenopyrit 11, 3 - pyrit I, 4 - pyrit III; izoto-
pové analyzy 8*S v arzenopyrite 1T a pyrite 111 podla Kantora (1974).
Fig. 2. §*S-isotope distribution in arsenopyrite I, IT and in pyrite Il and
L. 1 - arsenopyrite 1, 2 - arsenopyrite 11, 3 - pyrite II, 4 - pyrite I1I;
3%S isotope data in arsenopyrite Il and pyrite I after Kantor (1974).

Tab. 1
Distribtcia izotopov S v arzenopyrite I a pyrite 11
Sulphur isotope distribution in arsenopyrite I and arsenopyrite 11

8348 %o
vzorka arzenopyrit | pyrit 11
1 -1,6 -11,9
2 0,0 -3,0
3 +1,3 -14.,0
4 -0,5 -14,4

Obr. 3. Kataklazovany agregat arzenopyritu Il (biely) s pyritom
(sivy). Odrazené elekirény Vzorka PA-55. Antiménova $10lia.

Fig. 3. Back scattered electron image of brecciated massive arsenopy-
tite 11 (white) with pyrite (grey). sample PA-55. the Antiménov4 adit.

kremenno-arzenopyritovej periddy zrudnenia (Andrés,
1988a). Priestorovo sa viaze na SoSovky ¢ierneho kremefia
v ¢iernych (bitumindznych) bridliciach alebo vystupuje
v okolitych hydrotermélne alterovanych hornindch bridli¢-
natého sdvrstvia. Tvori impregnéacie drobnych idiomorf-
nych a hypidiomorfnych zfn alebo aj SoSovkovité agrega-

Obr. 4. Koexistujici mineral arzenopyrit II (asp) a I6llingit (16).
Odrazené elektrony. Vzorka CA-28, Pyritova Stolfia.

Fig. 4. Back scattered electron image of coexisting arsenopyrite I
(asp) with l6llingite (16),.Sample CA-28, the Pyritova adit.
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Tab. 2
Bodové rtg. mikroanalyzy arzenopyritu I
Electron microprobe analyses of arsenopyrite I

wt. % at. %

Sample Fe As S Sb Co Total Fe As S Sb Co
1 29,1 46,8 232 0,5 0,0 99,7 27,8 33,3 38,6 02 0,0
2 292 469 233 0,5 0,0 99,9 27,8 333 38,6 0,2 0,0
3 32,6 450 218 0,7 0,0 100,1 31,2 32,1 36,4 0,3 0,0
4 329 458 20,2 0,4 0,0 99,3 32,1 33,4 343 0,2 0,0
5 33,1 46,4 204 0,0 0,0 100,0 32,0 33,5 34,4 0,0 0,0
6 332 452 21,2 0,3 0,0 99,9 31,9 32,4 35,6 0,1 0,0
7 333 46,7 20,5 0,0 0,0 100,5 32,0 335 34,4 0,0 0,0
8 334 418 237 0,7 0,0 99,6 31,5 29,3 38,9 0,3 0,0
9 334 46,6 19,7 0,4 0,0 100,1 32,6 339 334 0,2 0,0

10 33,5 45,6 21,4 0,3 0,0 100,8 31,9 324 35,6 0.1 0,0
11 336 438 21,8 0,1 0,0 99,3 32,2 31,3 36,4 0,0 0,0
12 33,7 46,6 19,7 0,4 0,0 100,4 32,8 338 333 0,2 0,0
13 339 43,8 21,3 0,0 0,0 99,1 32,7 315 35,8 0,0 0,0
14 34,1 46,6 20,1 0,1 0,0 100,8 328 335 337 0,0 0,0
15 34,1 44,0 21,0 0,2 0,0 99,3 329 31,7 353 0,1 0,0
16 342 463 19,8 0,1 0,0 100,4 33,1 334 334 0,0 0,0
17 343 454 210 0,1 0,0 100,8 32,8 323 34,9 0,0 0,0
18 343 444 212 0,1 0,0 100,1 329 31,7 353 0,1 0,0
19 343 444 21,1 0,2 0,0 100,0 329 31,7 353 0,1 0,0
20 344 440 207 0,0 0,0 99,1 333 31,8 34,9 0,0 0,0
21 344 439 21,4 0,2 0,0 99,9 33,0 31,4 35,6 0,1 0,0
22 34,5 449 20,2 0,0 0,0 99.6 334 324 34,1 0,0 0,0
23 34,5 444 20,6 0,0 0,0 99.5 333 32,0 34,7 0,0 0,0
24 34,5 43,8 21,7 0,1 0,0 100,1 329 311 36,0 0,0 0,0
25 34,5 40,6 232 0,6 0,0 98,9 327 28,7 38,4 0.3 0,0
26 34,5 44,6 19,7 0,1 0,0 99,0 33,8 32,5 33,6 0,0 0,0
27 34,6 450 203 0,0 0,0 99,8 29,5 28,6 42,0 0,0 0,0
28 34,6 44,8 21,2 0,2 0,0 100,7 329 31,8 35,2 0,1 0,0
29 34,6 46,8 20,0 0,1 0,0 101,4 33,1 33,4 33,4 0,0 0,0
30 34,6 44,6 20,7 0,0 0,0 100,0 333 32,0 34,7 0,0 0,0
31 34,7 44,1 21,1 0,2 0,0 99,9 332 31,5 352 0,1 0,0
32 34,7 43,1 21,8 0,3 0,0 99,9 33,1 30,6 36,2 0,1 0,0
33 34,7 43,7 22,1 0.0 0,0 100,5 32,8 30,8 36,5 0,0 0,0
34 34,7 432 21,8 0,3 0,0 100,1 33,1 30,6 36,2 0,1 0,0
35 34,9 43,8 20,3 0,0 0,0 99,0 33,9 31,7 34,4 0,0 0,0
36 34,9 42,6 219 0,7 0,0 100,0 33.2 30,3 36,3 0,3 0,0
37 349 43,8 20,3 0,0 0,0 99,0 339 31,7 34,4 0,0 0,0
38 349 434 215 0,0 0,0 99,7 33,4 30,9 357 0,0 0,0
39 350 449 21,7 0,3 0,0 101,8 329 31,5 35,5 0,1 0,0
40 350 433 22,1 0,1 0,0 100,5 33,1 30,5 36,4 0,1 0,0
41 35,1 45,3 20,7 0,0 0,0 101,0 334 322 34,4 0,0 0,0
42 35,1 41,5 23,5 0,7 0,0 100,8 327 28,8 38,1 0,3 0,0
43 35,1 41,5 23,1 1,0 0,0 100,8 32,9 29,0 37,7 0,4 0,0
44 352 403 23,9 1,3 0,0 100,6 32,8 28,0 38,7 0,5 0,0
45 352 43,6 20,9 0,0 0,0 99,7 343 31,8 339 0,0 0,0
46 352 41,8 23,3 1,3 0,0 101,5 32,8 29,0 37,7 0,5 0,0
47 354 409 23,5 0,7 0,0 100,4 33,1 28,5 38,2 0,3 0,0
48 354 407 23,9 0,8 0,0 100,7 329 28,2 38,6 0,3 0,0
49 35,8 40.9 22,8 0,0 0,0 99,6 33,8 28,8 37,5 0,0 0,0
50 35,8 39,9 224 0,9 0,0 99,0 34,1 28,3 37,2 0,4 0,0
51 35,8 39,9 224 0,9 0,0 99,0 34,1 28,3 37,2 0,4 0,0
52 36,8 44,0 18,9 0,0 0,0 99,7 359 32,0 32,1 0,0 0,0

ty prerastené zlatonosnym pyritom, ktory ho paragenetic-
ky sprevddza. Pre tito mineralizdciu je typicka vtrisend
textira a panidiomorfne az hypidiomorfne zrnita Struktd-
ra. Jednotlivé kryStaly si vyrazne nehomogénne (obr. 1).
Ich jadrd st spravidla obohatené o S a Sb a okraje tvori
lem bohaty na As (+Au). Priemerny obsah Au v arzeno-
pyrite I je pribliZzne 120 ppm a v pyrite II okolo 50 ppm
(Andras, 1988a, b).

V izotopovom zloZeni S je diferencidcia medzi arzeno-
pyritom I a pyritom II (obr. 2). Hodnota &*S v arzenopy-
rite koliSe okolo nuly (tab. 1). Negativne hodnoty 8*S
v pyrite IT (-3,0 az -14,4) signalizujd, Ze S v syngenetic-
kom submarinno-exhalaénom pyritovo-pyrotinovom
zrudneni je biogénneho povodu.

Mladsi hrubozrnny arzenopyrit II je produktom priame;
kryStalizacie z roztokov kremenno-pyritovo-arzenopyrito-
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vej periddy (obr. 3). Podla Cambela (1959) niekedy vzni-
ka aj ako produkt metasomatického zatla¢ania syngenetic-
kého pyritu. Vystupuje v asocidcii s ¢iernym kremetiom,
16llingitom (obr. 4), pyritom a chalkopyritom. Od arze-
nopyritu I sa odliSuje masivnou (Casto zbrekciovanou)
textdrou, alotriomorfne zrnitou $truktdrou, ako aj homo-
génnym chemickym zloZenim a niZSou odraznostou.
Vznikal z roztokov s niz§im potencidlom S ako arzeno-
pyrit I (Andras, 1988a). Obsah Au v arzenopyrite II spra-
vidla neprekracuje O,n ppm (Andras, 1988b).

Izotopové zloZenie %S v arzenopyrite 11 a pyrite I1I je ho-
mogénnejSie ako pri zlatonosnej generécii sulfidov (obr. 2).

Analytické metédy

Na experimentdlne prace sa vybrali vzorky arzenopyri-
tovej rudy obidvoch genericii zo $télne Budicnost, Anti-
moénovd a Pyritovd. Vzorkovy materidl (73 vzoriek arze-
nopyritu I a 31 arzenopyritu II) sa Studoval v polarizac-
nom mikroskope. Arzenopyrit obidvoch generdcii sa ana-
lyzoval rtg. mikroanalyzatorom Jeol Superprobe 733
v laboratéridch Geologickej sluZzby SR v Bratislave (ana-
lytik F. Cano) a Madarskej akadémie vied v Budapesti
(analytik G. Nagy). Podmienky merania: napitie 25 kV,
prud 3,109 A, program ZAFM, Standardy: Fe, As, Sb
a Co - kovové, S - prirodny.

Izotopy S v arzenopyrite a pyrite sa analyzovali
vo Francizsku v laboratéridch BRGM v Orléans (analytik
A. M. Fouillac).

Vo vhodnych vzorkéch sa vykonali termokryometrické
merania plynno-kvapalnych uzavrenin v kremeni, ktory
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parageneticky sprevadza arzenopyritové rudy. Na Stadium
inklazif sa pouZila termokryometrickd aparatira Linkam
TH-600. V dvojstranne leStenych kremennych platnickéch
hribky 0,2—0,5 mm sa stanovovala teplota homogeniza-
cie uzavrenin a vo vhodnych uzavreninéch sa podarilo sta-
novif teplotu topenia eutektickej zmesi a teplotu topenia
posledného kryStélika Iadu.

Arzenopyritovy geotermometer

Kretschmar a Scott (1976) a Sundblad et al. (1984)
experimentdlne potvrdili, Ze obsah As v arzenopyrite je
funkciou teplotnych podmienok jeho vzniku, chemické
zloZenie odraza podmienky jeho kryStalizdcie a zondlnos(
kryStalov zmeny rovnovazneho stavu v termalnej historii
vzniku arzenopyritu.

Bodové rtg. mikroanalyzy arzenopyritu I a II z loZiska Pe-
zinok s v tab. 2 a 3. Ternarny diagram Fe - As - S znézor-
fiuje chemické zloZenie arzenopyritu I (obr. 5a) a arzenopy-
ritu II (obr. 5b). Obr. 5¢ dokumentuje trend posunu chemic-
kého zloZenia od koexistencie arzenopyritovo-pyritovej aso-
cidcie k arzenopyritovo-16llingitovej paragenéze. Atdmové
% Fe v arzenopyrite I koliSe od 27,8 do 35,9 % (obr. 6a)
a v arzenopyrite IT od 32,7 do 34,4 % (obr. 6b). Priemerny
obsah Fe v arzenopyrite I je 32,8 % a v arzenopyrite II
33,4 %. Na aplikdciu geotermometra je podla Kretschmara
(1973) najvhodnej8i arzenopyrit s obsahom Fe okolo
33,3+0,7 atomovych %. Z tohto hladiska je obsah Fe
v arzenopyrite I z loZiska Pezinok nevhodne variabilny.

Distribicia As v arzenopyrite I je na rozdiel od arzeno-
pyritu IT velmi nehomogénna (obr. 7), a preto mozno ako

Tab. 3
Bodové rtg. mikroanalyzy arzenopyritu II
Electron microprobe analyses of arsenopyrite I1

wt. % at. %

Fe As S Sb Co Total Fe As S Sb Co

1 33,9 46,2 20,2 0,0 0,1 100,4 32,7 33,2 34,0 0,0 0,1
2 34,0 45,1 21,9 0,0 0,0 101,0 32,2 31,8 36,0 0,0 0,0
3 342 45,7 20,0 0,0 0,0 99,9 33,2 33,0 33,8 0,0 0,0
4 34,3 45,5 19,8 0,0 0,1 99,7 33,3 33,0 33,6 0,0 0,1
5 34,4 45,6 20,3 0,0 0,0 100,3 33,1 32,8 34,1 0,0 0,0
6 34,4 45,1 20,8 0,0 0,0 100,3 33,0 32,2 34,8 0,0 0,0
7 34,4 459 19,7 0,0 0,1 100,0 33,4 33,2 33,3 0,0 0,0
8 34,5 45,2 20,7 0,0 0,0 100,3 33,1 323 34,6 0,0 0,0
9 34,5 454 20,8 0,0 0,0 100,6 33,0 32,4 34,6 0,0 0,0
10 34,6 45,9 20,5 0,0 0,0 100,9 33,1 32,7 34,1 0,0 0,0
11 34,7 45,8 20,5 0,0 0,1 101,1 33,1 32,7 34,1 0,0 0,1
12 34,7 46,2 20,1 0,0 0,0 100,9 33,3 33,1 33,6 0,0 0,0
13 34,7 45,5 19,5 0,0 0,1 99,9 28,9 28,2 429 0,0 0,1
14 34,8 45,0 20,6 0,0 0,0 100,3 33,4 32,2 34,4 0,0 0,0
15 34,8 44,6 20,5 0,0 0,0 99,9 33,6 32,1 34,4 0,0 0,0
16 34,9 44,8 20,4 0,0 0,0 100,2 33,6 32,2 34,3 0,0 0,0
17 35,0 453 20,6 0,0 0,0 100,9 33,4 32,3 34,4 0,0 0,0
18 35,0 444 20,5 0,0 0,0 99,8 33,7 31,9 34,4 0,0 0,0
19 35,0 453 20,7 0,0 0,0 101,0 33,4 32,2 34,4 0,0 0,0
20 35,0 45,0 20,1 0,0 0,0 100,1 33,8 32,4 33,8 0,0 0,0
21 34,1 449 20,7 0,0 0,0 99,7 32,9 32,3 34,8 0,0 0,0
22 35,2 45,1 20,7 0,0 0,0 100,9 33,6 32,1 34,4 0,0 0,0
23 35,2 44,6 19,9 0,0 0,1 99,8 34,1 32,2 33,6 0,0 0,1
24 35,5 45,1 19,6 0,0 0,0 100,2 34,4 32,6 33,1 0,0 0,0
25 35,6 45,5 19,4 0,0 0,0 100,5 34,5 32,9 32,6 0,0 0,0
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Obr. 5. Chemické zloZenie a - arzenopyritu I, b - arzenopyritu 11, ¢ - priemerné chemické zloZenie arzenopyritu I a Il a posun od koexistencie
arzenopyritovo-pyritového paru mineralov ku koexistencii arzenopyrit - 16llingit. Symboly: 1 - arzenopyrit 1, 2 - arzenopyrit IL.

Fig. 5. Composition of arsenopyrite I (a), arsenopyrite II (b), ¢ - average composition of arsenopyrite I and II; tthe trend from coexisting arseno-
pyrite-pyrite mineral pair to arsenopyrite-16llingite pair is visible. Symbols: I - arsenopyrite I, 2 - arsenopyrite Il.
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Obr. 6. Histogram distribdcie Fe. a - v arzenopyrite 1, b - v arzenopyrite II.
Fig. 6. Histogram of the Fe distribution. a - in arsenopyrite I, b - in arsenopyrite II.
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Obr. 7. Histogram distribuicie As. a - v arzenopyrite 1, b - v arzenopyrite I1.
Fig. 7. Histogram of the As distribution. a - in arsenopyrite I, b - in arsenopyrite II.
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Obr. 8. As/S diagram. a - arzenopyrit I, b - arzenopyrit II.

Fig. 8. Plot of the As/S composition. a - arsenopyrite I, b - arsenopyrite II.
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Obr. 9. Histogram distribicie As arzenopyrite Il s teplotnou $kalou podla Sundblada et al. (1984).
Fig. 9. Histogram of the As distribution in arsenopyrite Il compared with temperature scale of Sundblad et al. (1984).

geotermometer uspeSne vyuZit len arzenopyrit II. Z po-
rovnania obsahu As s teplotnou stupnicou, ktord vypra-
coval Sundblad et al. (1984), vychodi teplota krystalizacie
arzenopyritu IT 350—450 °C (obr. 6b).

Homogénnejsi charakter arzenopyritu II odrdza aj pomer
As/Fe a As/S (obr. 8 a 9). S rasticim obsahom As klesd
obsah S. Tento trend je osobitne vyrazny v arzenopyrite 1.

Podla Kretschmara a Scotta (1976) atomové % As v arze-
nopyrite 1T (31,8—33,2) zodpoveda teplete vzniku minerdlu
pri 320—410 °C (obr. 10). Priemerny obsah As (32,5 atémo-
vych %) poukazuje na teplotu krystalizdcie okolo 365 °C.

Termokryometria

Studovali sa plynno-kvapalné uzavreniny velmi ma-
lych rozmerov (<10 pum), ¢o kryometrické merania
komplikovalo. Homogeniza¢nu teplotu bolo moZno sta-
novit presne. Sledovali sa hlavne uzavreniny ovalneho
tvaru s celistvymi stenami, v ktorych sa rychlo kmita-

juca bublinka plynu dala dobre pozorovat. Pri kryomet-
rii sa pozorovali prvé priznaky existencie kvapaliny
v uzavreninach (predtym podchladenych na -100 °C)
v teplotnom intervale -55 az -45 °C. Pre malé rozmery
uzavrenin sa tento parameter nedal presne ur¢it. Hodnoty
zodpovedaji solnym systémom obsahujicim dvojmocné
kationy Ca a Mg, (Borisenko, 1977). PretoZe topiaci sa
lad nebolo moZno priamo pozorovat, za teplotu jeho
Gplného roztopenia mozno pokladat teplotu v momente
posledného vyrazného pohybu plynnej bublinky pri za-
hrievani (Roedder, 1984). Opakované merania na tych
istych uzavreninach potvrdili dobri reprodukovatelnost
takto ziskanych hodnot. Udaje sa pouZili na vyjadrenie
koncentracie roztokov v hm. % NaCl ekv. podla Pottera
(1977). Pri merani teploty homogenizdcie sa vyuZili
uzavreniny bez stop dehermetizdcie, v ktorych bolo
mozno dobre pozorovat fazové zmeny. VSetky uzavreni-
ny homogenizovali na kvapalinu. V niektorych uzavre-
ninach sa ojedinele zistili pevné fazy tvorené najpravde-
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Obr. 10. Obsah As (at %) v arzenopyrite ako funkcia
teploty kry§talizacie (podla Kretschmara a Scotta,
1976). Symboly: asp - arzenopyrit, py - pyrit, 16 - 161-
lingit, po - pyrotin.

Fig. 10. Atomic % As content in arsenopyrite compo-
sition as a function of crystallization temperature (af-
ter Kretschmar and Scott, 1976). Symbols: asp - arse-
nopyrite, py - pyrite, 16 - 16llingite, po - pyrrhotite.
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Obr. 11. a - Tiakovo usmernené inklizie v kremeni parageneticky sprevddzajicom arzenopyrit I (vzorka: PA-73. 3tolila Budicnost), b - dvojfazo-
veé inklizie v kremeni parageneticky sprevddzajicom arzenopyrit I (vzorka RB-205. Antiménova 316l1ia).

Fig. 11. a - Pressure influenced inclusions in quartz. paragenetically associated with arsenopyrite [ (sample PA-73, the Buddcnost adi). b - two-
phases containing inclusions in quartz. paragenetically associated with arsenopyrite I (sample RB-205. the Antiménovd adit).

podobnejsie rudnymi minerdlmi. Pri postupnom zvy$o-
vani teploty nastala v Casti uzavrenin dekrepitacia eSie
pred dosiahnutim homogénneho stavu, ale vSeobecne
mozno konS$tatovat, Ze hromadnd dekrepitdcia uzavrenin
vznikla aZ pri teplote okolo 400 °C.

Mikrotermometrické merania sa vykonali v kremeni
z arzenopyritovej mineralizacie obidvoch generacii.

Vo vzorkach kremenia zo zlatonosnej rudy (v paragenéze
s arzenopyritom I) zo $tolne Budicnost sa zistili uzavreniny
typu kvapalina - plyn, ¢asto aj so stopami dehermetizacie.
Systémy uzavrenin boli usmernené do paralelnych linif (obr.
1 1a), ktoré sved¢ia o sekunddrmom pdvode inkluzii a o uplat-
neni sa orientovaného tlaku pri rekrystalizacii kremenia.

Vo vzorkach sa vykonalo 62 merani (obr. 11). Teplota
homogenizicie sa pohybovala od 140 do 275 °C (v prieme-
re 225 °C: obr. 12a). salinita roztokov dosahovala 62
hmot. % NaCl ekv. a teplota topenia eutektika bola -45 az
-55 °C. Ak prebieha krystalizacia v metamorfnych pod-
mienkach pri vysokom tlaku, rozdiel medzi teplotou ho-
mogenizacie a skutonou teplotou vzniku uzavrenin moze
byt aj niekoTko 100 °C. Na zistenie skuto¢nej teploty
vzniku treba poznat zloZenie fluida, teplotu a typ homoge-
nizécie a z tychto hodndt urdit hustotu fluida (Haas, 1976;
Hurai, 1988). Podla tdajov o tlaku zistenych nezavislym
geobarometrom tak moZno na prislu$nej izochore (Hurai,
1988) urcit skuto¢nu teplotu kryStalizécie kremenia.
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Obr. 12. Histogramy homogeniza¢nej teploty (Ty,,) v inkldziidch
v kremeni: a - sprevadzajiceho arzenopyrit I, b - sprevadzajiceho
arzenopyrit II.

Fig. 12. Homogenization temperature (Ty,,): a - in quartz accompa-
ning arsenopyrite I, b - in quartz associated with arsenopyrite II.

Komplex staropaleozoickych krystalickych bridlic Ma-
lych Karpat, v ktorych vystupuje aj skimané zrudnenie,
spolu s rudnou mineralizaciou postihla regionédlno-peri-
plutonickd metamorfdza, ktorej vysledkom bola remobili-
zécia rad. Dyda (1980, 1981, 1982), Cambel et al.
(1981), Korikovskij et al. (1985) a Andrd§ a Horvéth
(1985) uvadzaja tlak pri metamorfdze, 3-3,5 kbar. Ak sa
tato hodnota pouZije so zistenymi tidajmi o hustote fluida
0,88 g/cm, podla izochorickych tabuliek Huraia (1988)
vychddza najvys$Sia mozna teplota kryStalizacie arzeno-
pyritovej mineralizacie 425-450 °C.

V kremeni zo vzoriek arzenopyritovej rudy druhej gene-
racie z Pyritovej a Antiménovej $tolne sa zistili uzavreni-
ny (obr. 11b) typu kvapalina - plyn s prevahou kvapalnej
fazy. Na vzorke sa vykonalo 34 merani. V uzavreninach
sa ojedinele vyskytovala pevna faza. Dvojfazové uzavreni-
ny homogenizovali pri teplote 150-200 °C (obr. 12b)

S
491 - 363°C /\

(Fe As)

a

Obr. 13. Zobrazenie chemického zloZenia arzenopyritu I (a) a arze-
nopyritu II (b) v Fe - As - S diagrame pri teplotnom rozpiti 491-363 °C
(podla Bartona, 1969).

Fig. 13. Chemical composition of arsenopyrite I (a) and arsenopyrite
I1 (b) in the Fe - As - S isothermal system for temperature range
491-363 °C (after Barton, 1969).

na kvapalni fazu a dekrepitacia vacSiny uzavrenin prebe-
hla pri teplote okolo 400 °C. Salinita roztoku v inkla-
zidch dosahovala 7£2 hmot. % NaCl ekv., teplota tope-
nia eutektika bola niz3ia ako -45 °C a hustota homogén-
neho fluida 0,98—0,93 g/cm?.

Po prepocte teploty homogenizacie na maximalne moz-
ny tlak pri vzniku paragenetickej asocidcie kremen - arze-
nopyrit IT (3—3,5 kbar) sa ziskala teplota vzniku kremena
350—390 °C.

Zaver

Chemické zloZenie arzenopyritu I a II zobrazuje dia-
gram Fe - As - S (obr. 13), ktory pre teplotné rozmedzie
491-363 °C vypracoval Barton (1969).

Vyskum plynno-kvapalnych uzavrenin v kremeni uka-
zal, Ze zlatonosna arzenopyritovo-pyritova mineralizacia
krystalizovala pri teplote 425—450 °C. Tento Gdaj sa zho-
duje s vysledkami Boirona et al. (1989) a Cathelineau
et al. (1988), ktori uvadzaja, Ze arzenopyrit chudobny na
Au (s obsahom 10—n. 100 ppm Au) zvycajne kryStalizuje
pri teplote 300—500 °C, kym krystalizatna teplota arzeno-
pyritu bohatého na zlato (s obsahom nad 1000 ppm Au)
je 200+50 °C. Plynno-kvapalné uzavreniny v kremeni sa
vyznaCuju roztokmi s nizkou salinitou 6£2 hmot. %
NaCl ekv.

Podla Kretschmarovho a Scottovho (1976) arzenopyri-
tového geotermometra vykazuje mladsi arzenopyrit II tep-
lotu krystalizacie 320—410 °C (v priemere 365 °C).
Z porovnania obsahu As s teplotnou stupnicou, ktort vy-
pracoval Sundblad et al. (1984), vychodi teplotné rozpitie
350—450 °C. Teplota kryStalizacie kremena vypocitand
(podla Huraia, 1988) z homogenizacnej teploty inklazii
pri najvy$§om moznom tlaku vzniku $tudovanej minera-
lizacie (Dyda, 1980, 1982; Cambel et al., 1981; Korikov-
skij et al., 1985) je o nie€o niZsia, a to 350—-390 °C.
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Application of arsenopyrite geothermometer from Pezinok deposit (Western Carpathians, Slovakia)

Pezinok is the most important Sb-Au deposit of the Malé
Karpaty Mts. (Western Carpathians, Slovakia). It lies be-
tween Bratislava and Modra Variscan granitoid bodies and
spatially is related to metamorphic rocks of volcano-
-sedimentary Lower Paleozoic formation of Pernek Sequence
intersected by small granodiorite intrusion.

The following types of ore mineralization have been iden-
tified in the Pezinok deposit district:

1. Metamorphosed, primarily exhalation-sedimentary py-
rite mineralization of Devonian age.

2. Hydrothermal Sb-Au Variscan epigenetic mineraliza-
tion, associated to a fault zone of petrologically variable
black schists and phyllites.

3. Gold placers.

Two arsenopyrite containing mineralization assembla-
ges of different hydrothermal stages were investigated.



156 Mineralia Slovaca, 30 (1998)

The first one is represented by gold-bearing arsenopyrite
I, coexisting with pyrite II (Fig. 1) and the second one by
massive arsenopyrite IT (Fig. 3), coexisting with 161lingi-
te & pyrite (Fig. 4).

Arsenopyrite can be presumed to be in equilibrium with ot-
her simultaneously deposited minerals (pyrite and 16llingi-
te), surface equilibrium among the minerals being readily
achieved through the fluid phase.

Because of inhomogenous composition of arsenopyrite I
(Tab. 1, Figs. 6a, 7a, 8a and 9a) it is not suitable as a precise
geothermometer. Besides further fluid inclusions in quartz
accompanying arsenopyrite I are very small (<10 um). Sali-
nity of the aqueous solutions is low: 6 & 2 wt. % NaCl equiv.
and the density of fluids was 0.88 g/cm?’. Paleothermocryo-
metry gives homogenization temperatures in average about
225 °C (Fig. 12a). Crystallization temperatures calculated
according to Hurai (1988) are 425—450 °C.

Chemical composition of arsenopyrite Il is presented on
Tab. 2. Arsenopyrite 1I geothermometer sensu Kretschmar
and Scott (1976) gives temperatures 320—410 °C
(Fig. 10). Values after Sundblad et al. (1984) show wider
temperature range: from 350 to 450 °C (Fig. 7b). The sali-
nity of the aqueous fluids is 722 wt. % NaCl equiv. The
temperature of the eutectic point was lower than -45 °C and
the fluid density ranges from 0.98 to 0.93 g/cm?’. Paleo-
thermocryometric data of fluid inclusion study (homogeni-
zation temperatures) in quartz from paragenetical associa-
tion with arsenopyrite II (Fig. 12b) were calculated after
Hurai (1988) for regional metamorphism pressure
3-3.5 kbar defined by Dyda (1980, 1981, 1982), Cambel
et al. (1981), Korikovskij et al. (1985) and Andrd$ and
Horvath (1985). These results show lower crystallization
temperatures: 350—390 °C.
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Middle Jurassic crinoidal shoal complex at Hatné - Hradok locality
(Czorsztyn Unit, Pieniny Klippen Belt, western Slovakia)

ROMAN AUBRECHT and MILAN SYKORA

Department of Geology and Paleontology, Comenius University, Mlynskd dolina - G, 842 15 Bratislava

(Dorucené 28. 11. 1997)

Abstract

Middle Jurassic crinoidal limestones (Krupianka Fm.) at Hradok locality near Hatné village display
many sedimentary features which are not common in this formation. They reflect a very shallow-water
depositional environment. Cross-bedding, good sorting, winnowing of micrite, abrasion of crinoidal os-
sicles and rip-up bottom-derived clasts document sedimentation above the wave-base. Presence of the
euhedral authigenic quartz overgrowths on detrital grains may represent part of a silcrete sequence de-
veloped during temporary emergence of the shoal complex.

Key words: Middle Jurassic, Western Carpathians, Pieniny Klippen Belt, crinoidal limestones, silcretes

Introduction

The locality Hrddok at Hatné village belongs most li-
kely to the Czorsztyn Unit of the Pieniny Klippen Belt
(with only one formation preserved). It represents the
klippe of red crinoidal limestones of the Bathonian age
(Krupianka Formation) transiting, in the uppermost pre-
served part, to the red nodular limestone (Czorsztyn Li-
mestone). It is cut by Marikovsky potok creek into two
parts. The examined part of the klippe is a quarry (PL. I,
Fig. 1) occurring directly at the road connecting Udi¢a and
Horn4 Marikova villages, near the cemetery of the Hatné
village (Fig. 1). The locality has been mentioned by Pev-
ny (1969) who treated in detail its brachiopod fauna. He
introduced the list of following Bathonian brachiopods
from this locality: Loboidothyris perovalis (SOW.),
Gnathorhynchia trigona (QUENST.), “Rhynchonella”
balinensis (SUESS) and Aulacothyris concava (PARO-
NA). Later this locality was mentioned by Salaj (1994)
as an occurrence of the thickest preserved red crinoidal
limestone formation in his examined area.

The crinoidal limestones forming the klippe display se-
dimentary features which are not typical for the sediments
known from the Czorsztyn Unit. Their sedimentary area
appear to be shallower and more dynamic than at the ot-
her localities of this formation. That was the reason we
were attracted by this locality.

157

Microfacial and sedimentological description
of the profile

Crinoidal limestones (Smolegowa and Krupianka For-
mations) occupy the main portion of the quarry (Fig. 2).
They are thick bedded, with frequent cross-beddings, a fea-
ture which is present in this formation very rarely. Cross-
bedding in the lower part of the profile tends from left to
right side of the quarry (Pl. I, Figs. 2 and 5), while in the
upper parts an opposite direction appears (Pl. I, Figs. 3
and 4), with some beds containing both directions. Exact
orientation measurements were not carried out in this sta-
ge of research for the preservaiion of cross-bedding is po-
or and the results would be useless without paleomagne-
tics (all the klippes in the Pieniny Klippen Belt were ro-
tated along various axes). The individual beds are not al-
ways continuous; some of them wedge out as observed in
the quarry wall (P1. II, Fig. 1).

The highest part of the Krupianka Formation is repre-
sented by red bedded (with beds about 10-20 cm thick) cri-
noidal limestones with undulated bedding planes (PI. II,
Figs. 2 and 3). Colour of the limestones depends on their
character, i.e. the cross-bedded strata are of light grey, whi-
te to yellowish colour, while the structureless or parallel-
bedded ones are red. They contain rich siliciclastic and do-
lomitic admixture of sand to small pebble size (up to
1 cm, PL. II, Fig. 4); some beds have intraclasts derived
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PL L. 1 - View on the left part of the quarry near Hawné, 2 - Cross-bedding at the bottom of the quarry. oriented rightwards. Hammer for scale
(centre bottom). 3 - View on the upper part of the quarry wall. Arrows indicate the beds with lefward dipping cross-bedding. 4 - Leftwards orien-
ted cross-bedding in two beds from the upper part of the quarry. 5 - Rightwards dipping cross-bedding in the upper part of the quarry (pencil for
scale).
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Fig.1. Position of the examined locality.

from the underlying layers, concentrated at the bottom.

In the upper left part of the quarry, a steep onlap of the
white crinoidal limestone onto the red one, is observable
(P1. 111, Fig. 3). The contact is stair-shaped which can be
related to synsedimentary tectonics. The white crinoidal
limestone contains also up to 5 c¢m clasts derived from
the red crinoidal limestone, close to this contact.

These features reflect clearly a dynamic water environ-
ment; the sediments were most likely deposited above the
wave base. The higher part of the formation displays gra-
dual deepening of the sedimentary area and cessation of
the wave activity.

Microfacial analysis displays also a large-difference bet-
ween the white (cross-bedded) and red (parallel-bedded) cri-
noidal limestones. The first one represents crinoidal bios-
parite (grainstone, Pl. III, Fig. 1) while the latter is bio-

micrite (P1. III, Fig. 2) with more diversified skeletal
composition. Already Folk (1962) and Dunham (1962)
mentioned an indirect dependence between presence of
micrite and dynamics of the sedimentary environment.
This fact was also evident during study at the Meste¢ska
skala locality (Aubrecht, 1992). However, the sparite for-
mation took place not always due to micrite winnowing
but also some instances of micrite replacement by synta-
xial rims on crinoid ossicles were enregistered. In such
cases, the micrite is enclosed in a very narrow space
among the syntaxial rims which excludes later emplace-
ment of micrite.

However, biota and clastic contents in both kinds of li-
mestones are identical, though in somewhat different ratios
(the red limestones have more diversified skeletal composi-
tion). The main portion of sediment consists of crinoid os-
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PLIL. I - View on the quarry wall exhibiting a wedging out of some beds (follow the convergent bedding planes indicated by arrows), 2 - Oblique
view to the top part of the klippe (other side behind the quarry) formed by red bedded crinoidal limestones with undulated bedding planes, 3 - The
same as Fig. 2. Opposite view (person for scale), 4 - Bedding plane of the crinoidal limestone, covered by small quartz pebbles (a grass leaf in lo-
wer left corner is about 15 ¢m long).
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sicles. Preservation of the crinoid skeletons is very poor;
their stems were disintegrated completely (exceptionally
some pluricolumnals even with attached cirri have been
found), with individual ossicles frequently broken. This in-
dicates Z4 zone of deposition of Gluchowski (1987) i.e.
the near-shore shallow water environment which is con-
sistent with other sedimentological observations. Crinoidal
detritus is usually full of small inclusions (even of cloudy
appearance), but the syntaxial rims are clear.

Except crinoidal ossicles, also bryozoan fragments,
echinoid spines, bivalvian and brachiopod shells are ubi-
quitous; gastropod shells and serpulid tubes are rare. In

one instance, a poorly preserved fragment of coral or cal-
careous sponge was found. An absence of foraminifers in
the sediment is striking. The sediment was strongly affec-
ted by compaction, as indicated by frequent pressure-solu-
tion features among the skeletal detritus up to the forma-
tion of frequent stylolites. They represent the latest diage-
netic stage as they cut fully developed syntaxial rims on
the echinoderm particles (P1. ITI, Fig. 1).

Yellowish dolomitic and/or dedolomitized clasts are fre-
quent in the sediment. They are either micritic of crystalli-
ne. In case of dedolomitization the crystals are often orien-
ted inward the clast, indicating the dedolomitization after
redeposition. They sometimes possess Liesegang’s stripes
indicating their weathering on land. Around the dolomitic
clasts, thin limonitic films developed frequently, related to
iron expulsion during dedolomitization. The only rare fau-
nal relics in dolomitic clasts were thin ostracod shells.

Many interesting data have been obtained about the sili-
ciclastic admixture, hence we dedicate it a separate chapter.

Red partly nodular limestone (base of the Czorsztyn
Formation) is preserved only at top of the right part of
the quarry, which is relatively thrown down along a small
normal fault. It is represented by wackestone to packstone
(locally grainstone), with calcified sponge spicules and cri-
noidal ossicles being the dominant skeletal components
(P1. 111, Fig. 4). Bivalve and brachiopod shells, together
with gastropods, juvenile ammonoids, echinoid spines and
bryozoan fragments form smaller portion of the skeletal
detritus. However, the diversity of skeletal components is
remarkably higher than in the underlying crinoidal shoal
complex. The dominance of micrite, together with absen-
ce of the siliciclastic admixture indicate deepening of the
sedimentary area and flooding of land areas of the Czorsz-
tyn Swell. The sediment itself is penetrated by veinlets
filled by clear blocky calcite. These veinlets are, however,
cut by numerous stylolites, which then appear to be the
latest diagenetical phenomenon in the limestone.

Siliciclastic admixture in the crinoidal limestones

Sandy admixture and small pebbles are ubiquitous at
the Hatné locality. Most of sand consists of quartz grains,
with rare feldspars, zircons and rutile grains recorded in
thin sections (for detail analysis of heavy minerals see
Aubrecht, 1993).

Most of the quartz grains possess undulatory extinction;
they are frequently polycrystalline with sutured margins of
the individual crystals. This led us to detail evaluation of
the quartz types according to Young (1976). He distingu-
ished 6 types of quartz deformation with approximate in-
terpretation of the deformation conditions. They are as fol-
lows: 1. nonundulose monocrystalline quartz, 2. undulose
quartz, 3. polygonized quartz, 4. elongated original quartz
crystals with sutured margins, 5. polycrystalline quartz
with various content of newly formed grains, 6. polygo-
nal crystals with nonsutured boundaries. These types form
a continuous deformation and recrystallization cycle with
each type representing one deformation stage; the transiti-
on between the types 6 and | represents melting and for-



162

Mineralia Slovaca, 30 (1998)

PL. IIL 1 - Sandy crinoidal biosparite with perfectly washed-out lime mud. Sample comes from a cross-bedded layer. Macroscopically it repre-
sents a white crinoidal limestone. Note the microstylolites cutting also the syntaxial rims on the crinoidal ossicles. Magn. 33x, thin-section No. 21
358, 2 - Thin section of the crinoidal limestone with imperfectly washed-out lime mud. Sample comes from a structureless to parallel-bedded layer,
macroscopically representing red crinoidal limestone. Magn. 45x, thin-section No. 21 357, 3 - Steep onlap of the white crinoidal limestone onto the
red crinoidal limestone in upper left part of the quarry. A stair-shaped contact indicates synsedimentary tectonic activity, 4 - Wackestone to pack-

stone with crinoidal ossicles and calcified sponge spicules and radiolarians. Transition to the Czorsztyn Nodular Limestone. Magn. 30x, thin section
No. 24 244,
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ming of a new magmatic rock (Fig. 3). Similar observa-
tions have been achieved already by Blatt (1967) who
distinguished detrital quartz types coming from magmatic
and metamorphic rocks, according to their structure.

The ratios of individual quartz types, complemented
with results from other localities of the Czorsztyn and

Pruské units (Milpo§, VrSatec, Benatina, Horné Stnie -
- Samé3ky and BoleSovska dolina), were plotted to special
diagrams for comparison (Fig. 4). These samples are re-
presentative for detrital quartz coming from the Czorsztyn
Ridge. From six examined samples, four localities have
unimodal ratio of the types, the Vriatec locality has bi-

Fig. 3. Deformation and recrystallization cycle observable in quartz grains (after Young, 1976). Explanations to the individual quartz types:
1- nonundulos_e monocrystalline quartz, 2 - undulose quartz, 3 - polygonized quartz, 4 - elongated original quartz crystals with sutured margins,
5 - polycrystalline quartz with various content of newly formed grains, 6 - polygonal crystals with nonsutured boundaries.
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PL IV. | - Detrital quartz grain (white) in crinoidal limestone. overgrown by early syntaxial authigenous rim. Individual zones are indicated by
strings of inclusions. Crossed polars (whole plate). Magn. 86x. thin section No. 21 357 (whole plate). 2 - Authigenous rim on the detrital quariz co-
re copying the surrounding clasts (arrows). which documents its early post-depositional origin. Magn. 45x. 3 - Two close detrital quartz grains with
syntaxial rims forming a compromise boundary between them (arrow). Magn. 45x. 4 - Remnant ol chalcedony (arrow) within an authigenous syn-
taxial overgrowth. It indicates its possible origin via formation of silcrete. Magn. 45x.
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detrital quartz (see numbers) estimated for selected localities of the
Czorsztyn Unit,

modal ratio and the Milpo¥ locality relatively equal
content of most of the types. The first four mentioned
samples have their maxima at type No. 4; Beratina locali-
ty is dominated by type No. 3. These types represent an
assemblage of detritus of “unstable™ quartz, strongly affec-
ted by deformation, but still without extensive formation
of new crystals. It is typical for low-grade to moderately
metamorphosed rocks (Young, 1976; Fig. 3). Vrsatec
locality also displays high content of No. 3 and 4 tynes
of quartz and, on the other hand, a high content of No. |
and 6 quartz types, coming most probably from nondefor-
med magmatic rocks.

Most of quartz grains in the carbonate sediments display
signs of corrosion which are typical for alkaline environment
inside limestone. However, at the very top of a bed about 4
m above the bottom of the profile (parallel bedded red crinoi-
dal limestone), the quartz grains possess syntaxial authigenic
quartz overgrowths. They cut neither the surrounding crinoi-
dal ossicles nor their syntaxial rims. Instead, they use to co-
py the original shape of surrounding grains and fill the pores
(PL IV, Figs. 1 and 2), hence they represent a relatively early

diagenetic phase. These overgrowths often exhibit undulatory
extinction in continuation to the detrital core. The undulosity
was either caused by effect of pressure in the sediment after
formation of the authigenic overgrowths (see the late com-
pactional features mentioned before) or it originated by strict
copying of the detrital crystal structure during growth. In so-
me instances of close opposite growing of the rims, straight
compromise boundaries were formed between them (Pl. IV,
Fig. 3). The first variant seems more probable. In some ca-
ses, the remnants of microquartz (chalcedony) was found,
connected with authigenic rim (Pl. IV, Fig. 4). It is clear that
the overgrowths were not formed in late diagenetic phases un-
der burial conditions, as indicated by their occurrence only in
one bed, filling of pores and pre-dating of all the diagenetic
phases including syntaxial rim formation on crinoidal detri-
tus. Our interpretation of this phenomenon is that the over-
growths represent part of the silcrete sequence, developed du-
ring emergence of the crinoidal sand shoal. Thiry and Millot
(1987) and Thiry and Milnes (1991) described silcretes from
Tertiary sediments of the Paris Basin and from the Stuart
Creek opal field (Australia). In some instances they mentio-
ned vertical sequences from opal at the bottom up to quartz at
the top, including authigenic rims around pre-existing detrital
quartz grains. They interprete such sequences as originated by
descendant percolation of fresh water in conditions of alterna-
ting dry and wet climate. The only silcretes in the Czorsztyn
Unit to date were mentioned by Misik (1996) from Lower
Cretaceous limestones. Their genesis is, however, unclear for
they occur within the pelagic limestones, which are free of
any signs of emergence. According to our opinion they may
represent groundwater silcretes related to the later Barremian-
Aptian emergence of the Czorsztyn Swell.

Discussion and conclusions

Deposition of the crinoidal limestones started in the
Czorsztyn sedimentary area after the relative sea-level
drop during Bajocian and lasted till the Late Bathonian,
when the subsequent sea-level rise took place. At most
localities the crinoidal limestones are structureless, mas-
sive to thin-bedded, but cross-bedding is a feature uncom-
mon in this formation.

The standard lithostratigraphic scheme of the Czorsztyn
Unit divides the crinoidal limestones into the lower, whi-
te to grey crinoidal limestone (Smolegowa Fm.) and up-
per, red crinoidal limestone (Krupianka Fm.). However,
this division cannot be fully applied in the western part
of the Pieniny Klippen Belt, which appear to be original-
ly shallower than the recent eastern part (Aubrecht et al.,
1997). Some localities in the western part show either an
alternation of both colours of limestones in one section
(Aubrecht, 1992) or even an overturned order of the li-
mestones (Misik et al., 1994). The Hradok locality is al-
so ranked among such localities, exhibiting the variable
colour of the limestones as well as other shallow-water
features. Presence of presumed silcrete indicates also
a possibillity of temporal emergence. Some direct eviden-
ces of Bajocian-Bathonian emergence in the Czorsztyn
Unit have already been described by Aubrecht (1997).
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Although numerous localities with very shallow-water
sediments were found so far in the western part of the Pie-
niny Klippen Belt, the shore itself with crystalline rocks
was not found so far, and apparently will not be found in
the near future. The only known crystalline rocks in the
Pieniny Klippen Belt occur in the pebbles, particularly in
the Cretaceous conglomerates of the Klape Unit. The
amount of clastics in the Czorsztyn Unit and their size is
often surprisingly large (size up to 10 cm), but their sou-
ce remains hidden to direct observation. Several pebble
analyses were published to shed light on the composition
of the emerged Czorsztyn Ridge (Birkenmajer et al., 1960;
Krawczyk and Slomka, 1987; Misik and Aubrecht, 1994).
Our investigation complemented these data by determina-
tion of prevalent detrital quartz types. The dominance of
“unstable” types indicates that main portion of the source
area was composed of metamorphic rock complexes.
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Strednojursky pribreZny komplex krinoidovych vapencov na lokalite Hatné - Hradok
(Czorsztynska jednotka, Pieninské bradlové pdsmo, zdpadné Slovensko)

Lokalita Hradok pri obci Hatmé (nedaleko miestneho cintorina) predstavuje
lom v krinoidovom vapenci dogeru czorsztynskej jednotky (krupiansky vapenec),
ktory v stratigraficky najvy3$ej trovni prechddza do czorsztynského hluznatého
vapenca.

Krinoidovy vapenec ma sedimentame ¢rty, ktoré sa v tomto stivrstvi vyskytuji
len zriedka a poukazujui na extrémne plytkovodné prostredie sedimentacie v ob-
lasti pieso¢nych plytéin. Telesa vapenca s lavicovité, asto so $ikmym a niekedy
s kriZzovym zvrstvenim. Ani jednotlivé vrstvy nie st priebeZné, ale vyznievajd la-
terdlne. AZ vrchnejiu dast stvrstvia tvoria telesa doskovitého krinoidového va-
penca so zvinenymi plochami vrstvovitosti, ¢o poukazuje na postupné prehlbova-
nie sedimentacnej oblasti. Farba vdpenca zdvisi od jeho charakteru. Sikmo zvrst-
vené polohy maju svetlosivii aZ Zltkastti farbu, kym bezitruktirne alebo paralelne
zrvstveny vépenec je Cerveny. Stvisi to s vymytim Serveného vépnitého kalu po-
Cas sedimentécie v dynamickom vodnom prostredi. Velmi plytkovodné prostredie
odraza aj zachovanie krinoidovych &lankov. Va&inu ¢lankov rozbilo vinenie, ¢o
podla Gluchowského (1987) predstavuje sedimentadnii zénu Z4.

Telesa Cerveného hluznatého vdpenca (czorsztynského) sa zachovali len
v pravej najvrchnejiej asti lomu, kde st vrstvy poklesnuté pozdiz malého zlomu,
a telesd vapenca odrdZaji prehlbovanie sedimentagnej oblasti. Prevlada v nich
mikritickd zloZka, chyba piesita primes a skeletové tlomky sa vyznaduji vitSou
roznorodostou ako pri extrémne plytkovodnom podloznom krinoidovom vapenci.

Zvy3enti pozomnost sme venovali klastickej primesi kremeiia, ktoré je v kri-
noidovom vépenci hojné v podobe piesku alebo drobnych obliakov. Zhodnotili
sme zastdpenie jednotlivych typov kremefia, ako ich definoval Young (1976),
ktory rozliSuje Sest typov deformdcie kremetia. Podla nich mozno usadit, akym

podmienkam bol kremeii vystaveny, a potom priblizne urit okruh, z ktorého
zdrojové homina pochddza. St to tieto typy: 1. neundulézny monokryStalicky
kremeii, 2. undulézny kremeii, 3. polygonizovany kremei, 4. prediZené kre-
menné zmd so sutirovymi okrajmi, 5. polykry3talicky kremeii s rozli¢nym
mnoZstvom novotvoreného kremena, 6. Polygondlny kremeii tvoreny mozai-
kou novotvorenych krystdlov s nesutirovymi ckrajmi. Tieto typy kremefia tvo-
ria jeden deformaény a rekrystalizadny cyklus, z ktorého kazdy typ predsta-
vuje jedno 3tadium. Vysledky z lokality Hatné sme porovnali s niekolkymi iny-
mi lokalitami czorsztynskej a pruskej jednotky (Milpo§, Vriatec, Befatina,
Horné Srnie - Sam4sky a BoleSovska dolina). Z vysledkov vyplyva, Ze vicSina
lokalit ma unimodalne usporiadanie typov kremeiia s maximom na type 4 a 3.
Tie predstavuji polykrystalicky silne deformovany kremefi pochddzajici
pravdepodobne z metamorfovanych hornin. Len lokalita Vr§atec mala bimo-
dalne usporiadanie s vy$§im obsahom aj monokrystalického kremeiia pochad-
zajliceho z neporuSenych magmatickych hornin. Na lokalite Milpo§ boli vet-
ky typy kremena zastipené pomerne rovnomeme, ¢o odrédza aj jej celkové
pestré zloZenie obliakov.

V jednej vrstve sme zaznamenali dorastanie autigénneho kremeiia na klastic-
ké jadrd. KedZe tieto novotvorené obruby , kopiruji okolity detritus a vyplifaj
dutiny, museli sa vytvorit este poCas skorej diagenézy. V ostatnych vrstvach sme
zaznamenali len kordziu klastickych jadier, a preto autigénne obruby zrejme ne-
vznikli. ako vysledok tepelného postihu pri hibSej Grovni pochovania sedimentu.
Tento fenomén interpretujeme ako ast silkrétového horizontu vytvoreného pri
dodasnom vynoreni sa plyteiny. Tento nézor podporujii aj lokdlne ndjdené zvysky
chalcedénu az mikrokrystalického kremetia spété s autigénnymi obrubami.
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V poslednych rokoch rastie pocet slovenskych navstev-
nikov krajiny, ktord sa oficidlne vola Izrael, ale od rim-
skych dias je zndma ako Palestina. Vyznéavaci troch mo-
noteistickych naboZenstiev - Zidia, krestania a moslimo-
via - ju volaju aj Svétd zem.

Slovenskych turistov do Izraela ldkaji najmi pocetné
biblické pamitihodnosti, ale pozornosti navstevnika by
nemali ujst ani pozoruhodné prirodné zaujimavosti vrata-
ne unikatnych geologickych fenoménov. Obzvlast jedi-
necny je transformny zlom Mrtveho mora a geologické
javy, ktoré sa nafi viaZu. Len malokde na povrchu Zeme
moZno tak nazorne vidiet Zivy transformny zlom, ktorého
zasluhou sa roztvorila depresia Mrtveho mora s hladinou
viac ako 400 m pod troviiou svetovych mori.

Izrael leZi na vychodnom pobreZi Stredozemného mora
a jeho vychodn4 hranica prebieha v miestach, kde hlboky
transformny zlom oddeluje africkd litosféricka dosku od
arabskej mikrodosky.

V geologickej histérii Izraela moZno zhruba rozliSit tri
etapy (Heimann, 1995; tab. 1): 1. neskoro predkambrickd
aZ ranokambrickd, 2. fanerozoicku (do konca paleogénu)
a 3. neogénno-kvartérnu.

Prekambrium - rané kambrium

NajstarSie horniny Izraela vznikli pred 550 az 820 Ma
(prekambrium, resp. starohory) a pdvodne tvorili stvisly
arabsko-nubijsky $tit. Z horninového zdznamu sa da od&itat
sled udalosti, ktoré §tit sformovali. Najstar§imi horninami
vznikajliceho ostrovného oblika st metamorfity (metapeli-
ty, metapsamity), ktoré vznikli pred 820—800 Ma. Potom
(pred 780—740 Ma) nastal prienik kremenno-dioritovych
a granitovych intrazii, ktoré neskdr podstipili penetrativnu
deforméciu. Za nimi nasledovali gabroidné, dioritové a gra-
nitické intrizie (660 - 640 Ma) a andezitové Zily. Tieto hor-
niny metamorfovala mladSia deformacna faza. Pre nasledu-
juce obdobie kratonizdcie bol typicky vépenato-alkalicky
magmatizmus (610—580 Ma), vystriedany alkalickym aZ
peralkalickym magmatizmom intrakratonického obdobia.
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Pre posledné obdobie bol charakteristicky regiondlny vy-
zdvih, hlboka erdzia a aktivita zlomov.

Horniny arabsko-nuibijského Stitu na izemi Izraela vy-
stupujui na povrch iba v okoli Ejlatu, ale buduju juZnu
gast Sinajského polostrova, okolie Akaby v Jordansku
a zdpadnu Cast Saudskej Arabie (obr. 1).

Kambrium - eocén

Od zaciatku paleozoika bolo tizemie dneSného Stétu
Izrael a jeho okolie na severnom okraji megakontinentu
Gondwana (obr. 2). Po jeho rozpade sa Izrael ocitol na sv.
okraji arabsko-afrického kontinentu a na vychodnom
okraji oceana Tethys. Celé obdobie od kambria po starsi
terciér bola oblast Izraela stabilnou platformou. Prejavy
riftingu, zndme z permu (?), triasu a ranej jury, sa davaju
do suvislosti s uzatvdaranim vychodomediterdnnej vetvy
Neotethydy. Sedimentécia prebehla vo viacerych cykloch
oddelenych obdobiami erdzie (tab. 1, obr. 3). Paleozoické
sedimenty s obnaZené alebo vrtmi overené v juZnom
Izraeli a sedimenty triasu aZ eocénu st roz§irené na uzemi
celého Izraela. Hribka platformnych sedimentov v sz.
Casti krajiny je aZ 6 km a smerom na JV sa zmenSuje na
1 km. Na pasivnom okraji prevladaji karbondty a sme-
rom na arabsky kontinent pribudaju klastikd. Sedimenty
devénu aZ permu na tzemi Izraela zvic3a chybaju. Sedi-
mentéciu na stabilnej platforme sprevadzala prevaZne ba-
zaltovd magmatickd a nevyraznd tektonickd aktivita.
Od vrchnej kriedy sa zacal formovat ,,syrsky zvrdsneny
obluk“. Této s-ovite ohnutd $truktira sa zadina na Sinaji,
prebieha cez Negev, pozdiZ pohori Judey a Samdrie,
kriZuje transformny zlom Mftveho mora a konci sa v Pal-
myride. Obluk vznikol v ¢ase zaniku Neotethydy.

Najzaujimavejsi geologicky fenomén Izraela zacal vzni-
kat na konci star§ieho terciéru priblizne pred 30—25 Ma.
Vtedy sa zalal lamat arabsko-nubijsky Stit, resp. arabsko-
-africky kontinent. Od africkej dosky sa zacala oddelovat
arabskd mikrodoska. Tento proces zapada do globalneho
vyvoja zemskej litosféry, ktord sa skladd zo Siestich vel-
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Obr. 1. Geologickd mapa Izraela a pri-
lahlych dzemi (Gvirtzman, Buchbinder,
Druckman, Bein, Perath a Parchamovski,
1973, Geological Survey of Israel, Jeru-
salem, zjednoduSené). | - kvartér, pre-
vazne holocén, 2 - bazalt (terciér az
kvartér), 3 - neogén - morské sedimenty,
4 - neogén - kontinentdlne sedimenty,
5 - kambrium aZ eocén - sedimenty sta-
bilnej platformy (morské a kontinentdl-
ne), 6 - prekambrium - metamorfity
a vulkanity, 7 - zlomy.

Fig. 1. Geological map of Israel and sur-

rounding area (Gvirtzma, Buchbinder,

Druckman, Bein, Perath and Parchamov-

ski, 1973, Geological Survey of Israel,

Jerusalem, simplified). 1 - Quaternary,

prevailingly Holocene, 2 - basalt (Tertia-

ry to Quaternary), 3 - Neogene - marine

deposits, 4 - Neogene - continental sedi- Stredozem né more
ments, 5 - Cambrian to Eocene - sedi-

ments of stable platform (marine and

continental), 6 - Precambrian - meta- - :
morphites and volcanites, 7 - faults. Tel - Aviv

Kpor’c Said

N A U wON e
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qObr. 2. Jedna z rekonstrukcii Gondwany - pravekej pevniny

Izrael na juZnej pologuli Zeme. Uzemie Izraela je na jej severnom okraji
(podla Petranka, 1993, modifikované).

Arébia Fig. 2. One of the reconstructions of Gondwana, the ancient land

" on the southern hemisphere. The Israel territory is on its northern

margin (according to Petranek, 1993, modified).
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170 Mineralia Slovaca, 30 (1998)

kych a Siestich mensich dosiek. Medzi velké litosférické
dosky patri napr. africkd, eurdzijska, pacificka a jednou
z menSich dosiek je arabska. Litosf{érické dosky su navza-
jom oddelené hlbokymi, celou litosférou prenikajacimi
zlomami. Litosférické dosky pldvaju na Zeravej a tekutej
astenosfére. Ich vzdjomny pohyb je bud divergentny (na-
vzdjom sa vzdaluji), konvergentny (navzajom sa pribli-
Zuju), alebo transformny (dosky sa popri sebe v horizon-
talnom smere postvaji). V terciéri konvergovala africka
a indoaustrdlska s eurazijskou doskou. S istym oneskore-
nim sa arabsko-africky kontinent rozlomil, samostatna
africkd a arabskd doska sa zacali od seba vzdaloval a na
mieste ich odtrhnutia sa zagalo roztvarat Cervené more.
Sustavou hlbokych trhlin v litosfére (ocednsky rift) do-
dnes prenikd na povrch bazaltovd magma, ktord tuhne
a vytvara novi koru, nové dno ustaviéne sa rozsirujiceho
Cerveného mora. Pri juznom cipe Sinajského polostrova,
kde sa Cervenomorsky rift Stiepi na dve vetvy, vznikol
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Obr. 4. Trojstret (triple junction) ocednskeho riftu Cerveného mora
(1), Suezského zalivu, do ktorého pokraduje odnoz riftu (2) a trans-
formného zlomu s lavym posunom Mitveho mora (3). D - Mftve more,
G - Galilea (podla Freunda a Garfunkela, 1976, modifikované),
L - zlom, 2 - vrésa, 3 - kolizna zéna, 4 - transformny zlom, 5 - roztva-
ranie sa dna Cerveného mora (ocednsky rift).

Fig. 4. Triple junction of the Red Sea oceanic rift (1), the Guif of Suez,
where the offshoot of the rift continue (2) and the transform fault with
the sinistral shift of the Dead Sea (3). D - the Dead Sea, G - Galilea
(according to Freund and Garfunkel, 1976, modified). 1 - fault, 2 - fold,
3 - collisional fault, 5 - opening of the Red Sea bottom (oceanic rift).

trojstret alebo trojity bod (triple junction). Jedna vetva
roztvira Suezsky zaliv (suezsky rift) a pozdiZ druhej vetvy
- transformného zlomu Mrftveho mora - sa navzajom hori-
zontalne postva arabska a africkd doska (obr. 4). DlZka
zlomu je viac ako 1000 m. Lavy horizontdlny posun sa
zacal pred cca 20 Ma a panva Mrtveho mora sa zaCala roz-
tvéaraf pred 12—14 Ma. Zemetrasenia a fokalny mechaniz-
mus svedCia o tom, Ze horizontdlny pohyb pokraCuje do-
dnes. Dodnes nastal posun o 105 km pri priemernej rych-
losti 0,5 az 1 cm za rok. KedZe zlom, pozdii ktorého sa
vedla seba obidve dosky kiZu, nie je idedlne rovny, ale
esovite poprehybany a obidve dosky sa voci sebe aj mier-
ne otac¢aju, v niektorych miestach nastdva exienzia a roz-
tvaraju sa depresie (vznikaji panvy odtrhnutia - pull-
apart, obr. 5), ktoré zaplnila morskd (Akabsky zaliv) za-
solend hypersalinna (Mftve more) alebo sladka voda (Ge-
nezaretské jazero). Na miestach, kde prevladala kompre-
sia, vznikli mohutné vrasy, a tak sa vytvorilo pohorie Li-
banonu. Transformny zlom Mitveho mora pokraCuje da-
lej na S a zanik4 na tpiti Taurusu v tureckej Malej Azii,
ktory je segmentom obrovskej alpsko-himaldjskej koliz-
nej zony, t.j. zony konvergencie arabsko-africkej a indic-
kej litosférickej dosky s eurdzijskou.

Aktivita trapsformného zlomu prebieha na pozadi cel-
kového vyzdvihu, a preto st pohoria dvihajice sa nad
transformnym udolim vysoké az 1500 m n. m. Hladina
Mitveho mora je okolo 400 m pod hladinou svetovych
mori a hibka mora je okolo 300 m. Mftve more je
najhibSou depresiou na kontinentoch sveta. ESte aj Gene-
zaretské jazero, leziace v zoéne transformného zlomu, je
200 m pod droviiou mora.

Depresie v zone transformného zlomu Mftveho mora su
vyplnené mladoterciérnymi sedimentmi. NajstarSia z nich
je kontinentdlna formécia Hazeva ranomiocénneho aZ
strednomiocénneho veku (Horovitz, 1987; Goldsmith
et al., 1988). Tvoria ju klastické sedimenty (Sirk, piesok,
v mensej miere il). Klasticky materidl pochadza z krystali-
nika juzného Sinaja a zo Saudskej Arabie, teda zo zdrojov
vzdialenych od Mrtveho mora 300 a viac km. Vyskytuju
sa tu aj klasty sedimentarnych hornin a eocénnych rohov-
cov nezndmych v bezprostrednom okoli. Klasticky mate-
ridl formacie Hazeva bol transportovany rie¢nym systé-
mom z vnutrozemia Ardbie cez zénu transformného zlo-
mu dalej na SV cez tdolie BeerSeva az do Stredozemného
mora (Garfunkel a Horowitz, 1966). Distribicia rie¢nych
sedimentov formécie Hazeva sved¢i o existencii regional-
neho sklonu smerujiceho na Stredozemné more. DneSné
horské hrebene po obidvoch strandch transformného tdolia
v starSom miocéne neboli morfologicky exponované-a ne-
tvorili prekdZku drendZnej sieti. Hriibka formdacie Hazeva
v panve Mftveho mora je 1 aZ 2,5 km, pripadne i viac.

Nad forméciou Hazeva leZia evaporitické sedimenty for-
mécie Sedom, prevazne halit (> 70 %) sprevadzany sad-
rovcom, klastickymi sedimentmi a v obmedzenej miere
draselnymi solami. Halit vytvara diaspiry (Sedom, Lisan)
a diapirové Struktiry deformuji dno Mrtveho mora (obr.
6). Prevaha halitu, pritomnost draselnych soli a kolisanie
pomeru CI/B v halite sved¢ia o precipitécii evaporitov zo
solanky morského povodu. Evapority sprevadzané mor-
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Obr. 5. Mechanizmus vzniku Mftveho mora a Gdolia transformného zlomu. A - Depresia Mitveho mora vznikla pri lavom horizontdlnom posune
na transformnom zlome, pri¢om v tlakovom tieni, t.j. v konkdvnom ohybe zlomu sa tlak rozdelil na strihovy a extenzny vektor. V tlakovo expono-
vanom konvexnom ohybe zlomu tlak posobil ako kompresia. B - Schematicky blokdiagram zobrazujici vznik panvy Mitveho mora. Pokracujdci
horizontdlny posun spdsobuje vzdalovanie sa &elného a zadného okraja rodiacej sa panvy, ktora sa st&asne rozfahuje v pozdlZnom smere. Tak
vznika panvy typu ,,pull-apart. Transformné tdolie obmedzuji poklesové (normalne) zlomy (podla Garfunkela a Ben-Avrahama, 1996).

Fig. 5. Mechanism of origination of the Dead Sea and the valley of transform fault. A - Depression of the Dead Sea originated during the sinistral
horizontal shift on transform fault, while in the pressure shadow, i. . in concave bend of the fault, the pressure has been divided into the shear
and extensional vector. In the area of pressure exposed convex bend of the fault, the pressure affected as compression. B - Schematic block-
diagram depicting the origin of the Dead Sea basin. Continuing strike-slip caused the retreat of the frontal and back margin of nascent basin, simul-
taneously spreading in longitudinal direction. By this way the basin of ”pull-apart* type originates. The transform valley is bounded with the normal

faults (according to Garfunkel and Ben-Avraham, 1996).

skymi sedimentmi, pokladané za vekovy ekvivalent eva-
poritov v oblasti Mftveho mora, boli navftané aj na J od
mesta Tiberias (pri Genezaretskom jazere) a vystupujice
na povrch v udoli Yezreel (Esdrealom), ktoré sa odstiepu-
je od transformného grabenu, naznacujd, Ze v mlad$om
miocéne tadial, teda od S, dzkym prielivom Stredozemné
more komunikovalo s panvou Mitveho mora. Vdaka su-
chej teplej klime a pre velky odpar morska voda zhustla
a zmenila sa na solanku, z ktorej sa vyzraZala sol.

Hribka formécie Sedom je 2 az 3 km. PretoZe sa eva-
pority pri optimdlnom dopliiiani solanky ukladaji rychlo,
mohla formdcia Sedom vznikndt za 1 Ma (Zak, 1967),
ale iné geologické ukazovatele naznacujd, Ze sa vytvorila
za 23 Ma pri priemernej rychlosti okolo 1 km/Ma (Gar-
funkel a Ben-Avraham, 1996).

Najmlad3imi formdaciami vyplne transformného grabenu
st poevaporitové formdacie pliocénneho aZ kvartérneho
veku. Pri ich vzniku bola subsidencia intenzivnejSia ako
prinos a ukladanie prevaZne klastickych sedimentov. Na
pozadi celkového vyzdvihu sa vtedy zaCala depresia Mrtve-
ho mora zahlbovat. DrendZna siet z okolia bola usmernena
do depresie, ale ni¢ nepotvrdzuje existenciu odtokovych
ciest z depresie. Hladina vody v depresii kolisala. Pred 50
000-15 000 rokmi bola 180 m pod uroviiou svetovych
mori, t.j. asi 220 m nad dne$nou hladinou Mrtveho mora.
V tom Case voda zalievala depresiu od dneSného mesta
Tiberias pod severny okraj udolia Arava, ¢iZe jazero bolo
dlhé 220 km (dne$né Mitve more nemd d{Zku ani 100 km).

Poevaporitové sedimenty tvori klasticky materidl z for-
madcie Hazeva a z kriedovo-eocénnych karbonatov z okolia
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Obr. 6. Geologicky rez Mrtvym morom. Depresiu Mftveho mora vypliiaji kontinentélne (rie¢ne) sedimenty neskorého terciéru (neogén, formacia
Hazeva) a kamennd sol sformovana do solného piia (neogén, halit). PC - prekambrium, Pz - paleozoikum, J - jura, Cr - krieda, Pl - pliocén,
Q - kvartér, B - mladoterciérne a kvartérne bazalty (Garfunkel a Ben-Avraham, 1994).

Fig. 6. Geological cross-section through the Dead Sea area. The Dead Sea depression is filled with the continental (river) sediments of the Late
TertAiary (Neogene, the Hazeva Formation) and the rock salt formed into the salt dome (Neogene, halite). PC - Precambrian, Pz - Paleozoic, J - Ju-
rassic, Cr - Cretaceous, P1 - Pliocene, Q - Quaternary, B - Late Tertiary and Quaternary basalts (Garfunkel and Ben-Avraham, 1994).
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depresie. StarSie horniny su zastiipené podradne. Kym
hrubé klastikd rie¢neho pdvodu st na okraji panvy, v jej
centre st jemnozrnné sedimenty s polohami evaporitov
(laminované karbonaty, sulfaty, zriedka halit). Hribka
tychto sedimentov je 3 - 5 km (rychlost sedimentdcie 1—
1,5 km/Ma) a na okrajovych kryhach iba 1,5-2 km (Gar-
funkel a Ben-Avraham, 1996). Celkova hribka neogénno-
kvartérnych sedimentov v transformnej depresii Mftveho
mora vratane soli sa odhaduje na 10 000 m.

Horizontélne pohyby roztvarajice depresiu Mrtveho mora
sprevéadzal vulkanizmus. Jeho produktom su bazalty (alka-
lické olivinické bazalty, bazanity a nefelinity). Magma,
ktorej stuhnutim tieto horniny vznikli, vystupovala zloma-
mi zasahujicimi hlboko pod kéru do vrchného plasta Zeme
vratane samotného transformného zlomu. Tieto mladé neo-
génne a kvartérne bazalty su rozsirené v Galilei, buduju
Golanské vySiny a dzemie na J od Damasku v Syrii, ale
vystupuji aj na V a JV od Mrtveho mora (obr. 1).

Pre pokratujice pohyby pozdiZ transformného zlomu
Mrtveho mora je uzemie Izraela seizmoaktivne aj v sticas-
nosti. Zemetrasenia v tejto oblasti st zndme uz z biblic-
kych, resp. z antickych ¢ias. Otrasy s intenzitou 6,5-—-7°
sa objavuji spravidla raz za storo€ie. V 20. stor. bolo pit
zemetraseni s intenzitou vicSou ako 5° najsilnejSie
z nich v okoli Jericha roku 1927 s intenzitou 6,5°. Viace-
ré v biblii opfsané katastrofy mohli byt dosledkom vulka-
nickej aktivity (zni¢enie Sodomy a Gomory) alebo seiz-
mickej aktivity (zritenie sa murov Jericha, dkazy spre-
vadzajuce JeZziSovo ukriZovanie na Golgote ap.).

Panva Mrtveho mora sa zacina pri Jerichu, kde rieka
Jordan dsti do Mftveho mora, a konéi sa v strednej Casti
udolia Arava. Iba jej najhlbSia Cast je dnes zaliata vodou
Mrtveho mora. Kym severna Cast je hlboka az 300 m,
juzna je plytkd a pre pokles hladiny Mrftveho mora
v ostatnych desatro¢iach o viac ako 10 m, ako aj v do-
sledku Tudskej aktivity od severnej, hlbsej asti oddelena.
Hranicou medzi obidvoma ¢astami je solny diapir Lisan.
Od juZného okraja Mftveho mora reliéf transformnej z6-
ny, zvyraznenej ddolim Arava, stipa a7 do vysky 100 m
n. m. a brdni prieniku vody Cerveného mora z Akabské-
ho zalivu do panvy Mftveho mora.

Mrtve more patri medzi najslanSie jazerd na Zemi.
Hmotnost vody je 1,236 g a mineralizacia (obsah soli)
340 g.I'!, teda desatndsobok mineralizacie morskej, resp.
ocednskej vody. Pre chemizmus vody je charakteristicky
vysoky obsah Ca chloridov. Je obohatend chloridmi
(220 g.I'") a obsah sulfdtov je niz3i. Hlavnym minerdlnym
komponentom vody je halit (NaCl), sadrovec
(CaS0O,4.2H,0) a aragonit (CaCO3). Vysoka mineralizacia a
pritomnost sirovodika (H,S), ktory dava vode charakteris-
ticky pach, znemoZiuja Zivot makroorganizmov (ryb, lastir-
nikov, ulitnikov, koralov ap.), ale mikroorganizmy
(napr. sine baktérie) vo vode Mrtveho mora Ziju a sposobuji
bakteridlnu redukciu sulfatov (Yechieli a Gavrieli, 1997).

Zasolenie vody Mrtveho mora pochddza z morskej
vody, ktord do depresie v geologickej minulosti vnikla,
V teplej a suchej klime s intenzivnym odparovanim voda
v jazere zhustla a koncentracia minerdlnych latok v nej
stipla. MnoZstvo vody pritekajiice do jazera, napr. z rieky
Jorddn, nesta¢i vodu v jazere zriedit a minerdlne latky roz-
pustené v pritekajicej vode podiel mineralov v zasolene;j
vode naopak zvySuji. Aj podzemnd voda pritekajica do
Mrftveho mora byva silne mineralizovand. Minerdlne lat-
ky pochadzaji hlavne zo solnych priov a telies v podloZi.
V dosledku vyzraZania soli z vody Mftveho mora sa v nej
meni iénovy pomer Na/Cl v prospech Br/Cl.

Zaver

Tento struény nacrt geolGgie Izraela md pomoct rastd-
cemu poctu slovenskych navstevnikov, a najmé ich sprie-
vodcom pochopit geologickul stavbu a mlady neogénno-
-kvartérny vyvoj krajiny. Transformny zlom Mftveho
mora a samo Mftve more poskytuji jedine¢nu prileZitost
obozndmit sa s procesmi, ktoré formovali litosféricky
obal Zeme.
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Medzinarodny program geologickych
korelacii (IGCP) UNESCO jubiluje

Vo svetovej vedeckej komunite geoldgovia medzi prvymi pochopili,
Ze globdlne otazky, ako je napr. geologickd stavba kontinentov a ocednov,
mozno vyrie§it iba na medzindrodnej Grovni, a tak v uzkej spolupraci s Medzi-
narodnou tniou geologickych vied (IUGS) a UNESCO uZ pred §tvristoro¢im
(1972) prijali Medzindrodny program geologickych koreldcii (IGCP).

V rokoch 1996-1997 sa rieSilo 64 individualnych projektov IGCP/UNESCO
za Ucasti vedcov zo 150 krajin vietkych kontinentov a vidd8ich ostrovnych
Statov. Decentralizécia UNESCO sa prejavila aj v decentralizécii projektov
IGCP/UNESCO. Asi 35 % vSetkych teraz rieSenych projektov riadenia regio-
ndlne centrd UNESCO v Kéhire, Djakarte, Montevideu a v Nairobi.

NajvysSie sucasné poradové Eislo projektu je 421, ale nie vietky predtym
prijaté projekty sa aj realizovali. Splnenych je okolo 350.

Projekty IGCP/UNESCO podstatne prispeli k Gspe§nému priebehu
30. medzindrodného geologického kongresu v Pekingu (4. - 14. augusta
1996), zorganizovali, resp. spoluorganizovali 28. vedeckych sympdzii
a semindrov (workshopov) a vysledky dal§ich sa prezentovali v rozli¢nych
sekcidch 30. MGK.

Vysledky projektov IGCP/UNESCO v ostatnych rokoch dokumentujt
rast interdisciplindrnej orienticie medzinarodného badania, prehlbujicu sa
spolupracu medzi vyvinutymi aj rozvojovymi krajinami, ako aj velky podiel
na vyskume zameranom na potreby sti¢asnej, a najmi buddcich generacif
Tudstva.

Kym v minulosti sa vedecky komitét a riadiace centrum projektov
IGCP/UNESCO vymenitvali kaZdoro¢ne ad hoc., v poslednych rokoch sa
ustanovil staly komitét. Spo¢iatku mal 16 ¢lenov, ale ich pocet sa roku 1997
v zéujme poklesu vydajov znizil na 6smich ¢lenov, delegovanych prostred-
nictvom IUGS a jej narodnych komitétov a UNESCO. Clenstvo v riadiacom
komitéte je Stvorro¢né. Komitét mal na zaciatku roka 1997 takéto zloZenie:
prof. S. Banno, Japonsko, Dr. F. Bergerat, Francizsko, prof. E. Derbyshire,
Anglicko (predseda), Dr. M. A. Fedonkin, Rusko, Dr. G. Gaal, Madarsko,
Dr. M. A. Iturralde-Vinent, Kuba, prof. A. B. Kampunzu, Botswana, Dr. F.
E. Kockel, Nemecko, prof. C. McA. Powell, Australia, Dr. M. Ramakrignan,
India, Dr. C. W. Rapela, Argentina, prof. E. Roaldset, Norsko, prof. N. W.
Rutter, Kanada, Dr. E. Salameh, Jordénsko, Dr. E. M. Truswell, Austrélia,
prof. Zhao Xun, Cina.

Na kaZdoro¢nych zasadnutiach komitétu (spravidla na prelome janudra
a februdra) sa hodnoti &innost v ramci projektov a prijimaji sa nové projekty.
Hodnotenie prebieha podla schvélenej §truktury. Hodnoti sa vedecky poten-
cidl a originalnost projektu, vedeckd kvalifikdcia navrhovatela a rieitelské-
ho timu, o¢akdvany vedecky, ako aj prakticky vystup.

Na lepSiu propagaciu projektov IGCP/UNESCO pripravil predseda komi-
tétu a sekretaridt projektov v centrdle UNESCO 16-stranovi publikdciu
o najdolezitej§ich vystupoch projektov z hladiska rozvoja spolo¢nosti
a poskytli ju vietkym ¢lenskym 3tatom UNESCO. V nej obsiahnuté vysledky
by mali byt vodidlom pre osoby a organy posobiace v strategickom rozho-
dovani, lebo si ndmetmi odporutaniami ,;svetového mozgového trustu”
odbornikov v oblasti abiotickej prirody.

Uznesenim predchadzajacej, t.j. 28. generdlnej konferencie UNESCO sa
vybrali programy vied o Zemi, a teda aj IGCP na hibkova kontrolu na
neddvno skondent 29. generalnu konferenciu. Zaver komisie je nasledujtci:

Projekty IGCP by aj v budiicnosti mali byt sicastou kli¢ového programu
oddelenia prirodnych vied UNESCO, a mali by sa sustredit na geologické proce-
sy, s priamym vplyvom na Zivotné podmienky ludstva vratane faktorov podmie-
fujdcich globdlne environmentdlne procesy, ktoré vyvolavaja geologické hrozby
prameniace z nadmerného vyuzivania prirodnych zdrojov, a zdroveit by mali
zostat hlavnym prispevkom UNESCO do porovndvacich $tudif vied o Zemi.

Hodnotiaca komisia zdoraznila najmi nasledujdce fakty:

- V ramci projektov IGCP sa zhromazdili doleZité jestvujice a ziskali
nové informacie o svetovych loziskdch a zasobe fosforitov, uhlia, Sn, W,
bauxitu a sulfidickych rad Cu, Pb a Zn.

- V ramci skon&enych projektov sa vypracovali rozli¢né mapy ako zdklad
na raciondlne vyuZzivanie surovin a pddy v rozsiahlych oblastiach Afriky,
vychodnej Azie a JuZnej Ameriky.

- Pri plneni projektov sa zhromazdili nové informdcie o pri¢indch dezerti-
fikdcie rozsiahlych oblasti v Afrike a Azii, ako aj kIu¢ové udaje nevyhnutné
na vypracovanie koncepénych klimatickych modelov globalneho vyznamu.

- Zostavili sa globdlne geochemické mapy determinujice environmental-
ne a ekonomické problémy podmiefiujice zdravotny stav ludi, zvierat, trod-
nost pddy a tykajuce sa otdzok pitnej vody a zavlaZovania a definovali
sa podmienky na zakladanie tloZisk komundlneho a iného odpadu.




- Projekty pomohli lepsie chapat dlhodobé kontroverzné efekty terestric-
kych a extraterestrickych dejov na rast plodin a rozvoj fauny.

- Sustredili sa stbory dat a ziskali sa originalne Gdaje o stabilite pobrez-
nych oblasti, definovali sa pri¢iny zmien hladiny svetového ocedna a cha-
rakterizoval sa jeho stcasny stav.

- Koordinaciou odberu vzoriek v rozli¢nych oblastiach Zeme na geochro-
nologické vyskumy sa spresnili doteraz pouZivané ¢asové 8kély pre zaklad-
né geologické procesy.

- Vypoctovou technikou sa spracovali zdkladné udaje o magmatickych
a sedimentarnych hornindch a poskytli sa na vyuZzitie v medzindrodnom
meradle.

Hodnotiaca komisia okrem iného kon3tatovala, Ze spolupraca UNESCO
a IUGS pri plneni programu IGCP je vynikajica a bezproblé mova.

Z diskusie na 29. generdlnej konferencii UNESCO (oktdber-november
1997) vyplynulo, Ze sa orientdcia projektov IGCP postupne meni. Kym
v prvych dvoch dekadach plnenia IGCP projekty riesili prevazne globalne
¢i globalizujice geologické ulohy (stratigrafickd korelacia velkych oblasti
alebo jednotiek, metalogenéza rozli¢nych surovin, tektonicko-geologické
problémy), v stcasnosti je tendencia prijimat projekty o vyraznych vply-
voch na Zivotné prostredie. Ustavi¢ne sa teda opakuje motiv sluzby vedy
Tudstvu vyjadreny dstrednym sloganom Science in the service to society.
Ale ani sti¢asny trend nemozno pokladat za dlhodoby, lebo uZ teraz sa obja-
vuji interdisciplinarne a medzisektorové projekty 3irokého praktického
dosahu, aké budi v 21. stor. zrejme prevlddat.

V rdmci tejto poznamiky treba uviest, Ze ani slovenski geologovia nestdli
v 25-ro¢nej historii projektov IGCP bokom od svetového diania. V minulos-
ti bol doc. RNDr. Jan Senes, DrSc. vediicim projektu Stratigraphic Correla-
tion of the Tethys-Paratethys Neogene (IGCP ¢&. 25, 1974-1982) a nasledo-
val ho RNDr. Milo§ Rakds, CSc., ako vedici projektu IGCP ¢&. 198 Evolu-
tion of the Northern Margin of the Tethys (1983-1988). V tomto roku
sa kondi projekt IGCP/UNESCO ¢&. 362, ktory viedol RNDr. Jozef Michalik,
DrSc. (s Dr. Leevereldom z Holanska), Tethyan and Boreal Cretaceous
(1993-1997). RNDr. Jaroslav Lexa, CSc., bol vedacim projektu (s Dr. E.
Vetd-Akos z Madarska a Dr. N. Vladom z Rumunska) Carpatho-Balkan
Plate Tectonics and Metallogeny (IGCP/UNESCO ¢. 356, 1993-1997).

Vypocet aktivit slovenskych geologov by nebol dplny, keby sme ne-
uviedli, Ze najmi v poslednej dekéde sa v ramei projektov IGCP u nds sformo-
vali timy zdcastiiujlice sa na ich riefeni na medzinarodnej drovni.

V zdvere si v mene Nérodného geologického komitétu SR dovolujeme
podakovat vietkym kolegom, ktorf sa zaslizili o to, Ze sa geologické vedy
u nds uberajd spravnym smerom, a to najmé vedenim vyznamnych medzi-
narodnych projektov a vystupmi desiatok geoldégov prezentujtcich vysledky
vlastnej vedeckej prace na medzinarodnom fére. Napokon vyslovujeme ne-
skromné Zelanie, aby sa aj v nasledujacich rokoch nasli ,,odvaZlivci”, ktorf
sa pustia do tvrdého zdpasu o ziskanie vediceho postavenia pri rieSeni glo-
balnych geologickych problémov v ramci projektov IGCP/UNESCO.

Dusan Hovorka

Podpora vedy a vyskumu v Brazilii

Ekonomicky sa Brazilia zagala prebudzat v 60. rokoch, a to akoby v tes-
nej spitosti so zmenou hlavného mesta a presidlenim administrcie z Ria
de Janeiro do Brazilie, o vykonal brazilsky prezident &eského povodu
Juscelino Kubitschek.

Staty tvoriace brazilsku federdciu (je ich 22) si geograficky, skladbou
obyvatelstva, droviiou polnohospodarstva i priemyslu velmi odli¥né.
Severné Stdty - Pard. Goids. Amazonia. Ceard a Bahia - si prie-
myselne menej vyvinuté ako juznejsie (Parand. Santa
Catarina, Rio Grande do Sul). Prosperujici 34t Sao
Paulo patri medzi najrozvinutejsie a najbohat-
Sie a mesto Sdo Paulo, zaloZené jezuitmi
pred 444 rokmi, sa stalo vykon-
nym motorom celej brazil-
skej  ekonomiky.
Tento obrovsky
okolo 20-miliéno-
vy konglomerdt ras
(pocet Tudi Zijucich
vo faveldch nie je
presne znamy) posky- &
tuje prakticky vietko.
Nepredstavitelny luxus
a bohatstvo sa na uliciach
priamo styka s bezmocnou
a bezhrani¢nou biedou. Obrov-
sky kontrast zrejme vyplyva aj
z histérie, v ktorej vojny nenaru-
§ili kolonidlnu a imperidlnu
majetkovi kontinuitu. Otroctvo
bolo zruSené aZ roku 1888 a su¢asna
vldda len tazko riesi problémy mno-
hych bezzemkov, ktori sa revolunymi
sposobmi domdhaji pody. T4 patri g0 ¥%
bohatym potomkom latifundistov a plan- s{)QQ“
tdZnikov, ktori sa o podu staraji dlhé desat-
rodia a teraz sa jej ani pod natlakom nechcii
vzdat, a tak vlada spristupiiuje polnohospodarskemu rozvoju obrovské pries-
tory v Rondénii, Mato Grosso i v Amazonii. V ramei ekologickych a polno-

hospodarskych megaprojektov, ¢asto financovanych japonskymi priemysel-
nikmi, je neraz ohrozend amazonskéd dzungla. Ta ro¢ne strica okolo 13 tisic

km? porastu a jej uz nie viac ako 150 tisic amazonskych Indianov
citi, Ze im hrozi zanik.

Brazilia velkostou (8 511 965 km? a okolo 150 miliénov
obyvatelov), polohou na juhoamerickom kontinente, obrov-
skym mineralnym nerastnym bohatstvom, priemyslovou
8\ a polnohospodarskou kapacitou (v niektorych oblastiach je
A\ uroda 2 - 3-krat za rok, navy3e na juZnej pologuli) je isto
potencidlnou velmocou.

Bohatsie $taty maji ovela lepSie podmienky na pod-
poru rozvoja vedy aj kultary. Stat Sdo Paulo - s roz-
vinutym priemyslom letectva, zbrojnym a automo-
bilovym priemyslom, priemyslom vypoctovej
techniky, elektroniky a sluzbami - vytvéra skoro
46 % hrubého ndrodného produktu a ma pro-
striedky aj na tento ciel. Jeho hlavné mesto
rovnakého mena v centre Ziari bohatstvom

a luxusom, hoci na periférii vladne chudoba

\ faviel a kazdodenné nasilie.
A kedZe naozajstné bohatstvo a eko-
nomické sila kazdej krajiny neprameni
len z jej materidlnych predpokladov,

4 " ale najmi z urovne dulevnej préce,
G\ 4e® brazilska vlada kladie mimoriadny dokaz
R na rozvoj $kolstva a vzdelanosti v celofederdlnom
6;\0‘“ ramci. Nadacia na podporu vedy a vyskumu v Stite Sao

Paulo FAPESP (Fundacdo de Amparo a Pesquisa do Estado

de Sdo Paulo), ktord vznikla na zdklade $tatneho dekrétu roku 1962,
je jednou z najvicsich naddcii na financovanie vedeckého badania a roz-
voja technoldgii a postupne si ziskala uznanie a tctu v celej Brazilii. Rozli¢-
né nadécie a sikromné organizdcie na podporu vzdelanosti a kulttry boli uz
od roku 1947. Finan¢ny prispevok na takyto rozvoj rok ¢o rok zvy3uje aj
3tat. Napr. roku 1989 predstavoval aZ | % &istého prijmu $tatu a stdle rastie
tak, ako rasti ekonomicke zdroje $tatu. Nadacie majd zvycajne Siroké zame-
ranie, ale jednou z ich trvalych tloh je podpora realizacie projektov, ako aj
rozvoj vedeckého poznania samych vyskumnych pracovnikov. Tradi¢ne ide
o finanéni pomoc na konkrétne vyskumné projekty, no aj o rozli¢né 3tipen-
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dia. Naddcia FAPESP ich uZ poskytla vy$e 40 tisic $tipendii a okolo 30 tisic
raz rozli¢nou formou pomohla pri rozvoji technoldgii a vyskumu vratane
nakupu modernych analytickych a meracich pristrojov. Stipendia patriace
do kategérie tzv. §tudijnej pomoci zahfiaji finanénd pomoc na vedecko-
technologicky rozvoj, zdokonalovanie sa v odbore na univerzitnych 3td-
diach, pripravu a realizaciu doktorskych prac, ako aj na vyskum v ramci
postdoktorandskej ¢innosti. Pri odchode na zahrani¢né univerzity poskytuje
FAPESP $tipendia doktorandom a postdoktorandom bez ohladu na to, ¢i tak
urobi aj prijimajica univerzita. Ciasto¢né finanéna pomoc alebo aj celé
financovanie sa poskytuje brazilskym projektom, hostujicim profesorom,
vyskumnikom, ale aj na organizovanie vedeckych akcii. Vynimkou neby-
vaji ani cesty na konferencie alebo $tudijné pobyty v zahrani¢i.

Finan¢ni pomoc bez akéhokolvek uprednostiiovania dostavaji 1. tech-
nické vedy, 2. exaktné vedy a vedy o Zemi, 3. biologické vedy, 4. vedy
o zdravi, 5. polnohospodarske vedy, 6. aplikované socidlne vedy, 7. humanne
vedy, 8. filozofia, 9. lingvistika a pisomnictvo a 10. umenie. Financovanie
ma velmi konkrétne zameranie a vysledky sa starostlivo kontroluji. Admi-
nistrativne sa rokuje pred pridelenim pomoci a po nej. V minulosti bola
finan¢na Stipendijnd pomoc a pomoc pri realizacii vedeckych ¢i technolo-
gickych projektov velmi vyvéazend, ale v sucasnosti zalina prevladat pod-
pora projektov, najmi medzindrodnych, takzZe $tipendid predstavujui iba
15-20 % celkovej finan&nej pomoci.

Paralelne a v nadvidznosti na tradiciu poskytovania pomoci nadaciou sa
rozvijajui Specifické programy vychodiace z potrieb rozli¢nych technoldgii,
roz§irovania poznatkov ekonomického rozvoja, ale aj administrativneho
establi§mentu. Tieto $pecifické projekty sleduju dosledni modernizaciu
vedeckej infra$truktiry vyskumu, rozvoj informacne;j siete vedecko-technic-
kych poznatkov a tiez stistavni modernizéciu laboratdrneho vybavenia $tat-
nych inStiticii. Len v §tate Sdo Paulo predstavovali takéto investicie
v rokoch 1994/1995 okolo 330 miliénov US). Nadacie priamo reaguji
na poziadavky vedeckej komunity a zanedbanie primeranej podpory vedec-
kej a vyskumnej aktivity sa vieobecne chdpe ako implantacia rozkladného
faktora zvySujtca riziko rozvoja s celospolo¢enskym negativnym vplyvom.

Velmi sa dbd na funk&nost akademickej informa¢nej siete v rdmci uni-
verzit, ale aj vo federdlnom meradle. Pri poruche pristroja, ked treba ¢akat
na nahradny diel, ¢o sa operativne hradi z financii projektov alebo z institu-
ciondlnych zdrojov, nie je problém vykonat merania v inom laboratdriu,
ktoré je skoro vzdy zodpovedne ustretové. Od roku 1989 budovana elektro-

nicka akademické siet (ANSP - Academic Network at Sdo Paulo) prepdja
vypodtové a informadné pracoviskd s inititdciami v Stdte aj mimo neho.
Inymi slovami, vietko je pospdjané sietou Internetu a takmer kazdy pracov-
nik intititu ma svoju adresu. Internet sa v sieti realizuje dvoma liniami:
2Mbps vo vidsich centrach (Sao Paulo, Campinas, Sdo José do Rio Preto...)
a 64-128 Kbps v dalsich centrach (Sorocaba, Franca, Pindamonhangaba...):
Této siet sa rychlo rozsiruje, ale nie na gkor priameho financovania inych
projektov alebo technologickej inovacie produktivnych sektorov.

Chcem zdoraznit takmer samozrejmu existenciu radu zdvideniahodnych
programov a projektov na podporu najmia mladych vyskumnych pracovni-
kov, a to nie iba ¢lenov pracovnych skupin, ale prevaZne jednotlivcov
s vlastnym pracovnym: zameranim v trvani do 3tyroch rokov. Pritom financie
pokryvaji potreby na slu$nej drovni. Projekt &i tlohu riesi pracovnik spra-
vidla na uzemi federalneho brazilskeho 3tdtu, ale vynimkou nie je ani jeho
realizacia v cudzine. Casovy rozpis terénnych a laboratérnych prac je az
tzkostlivo podrobny a zavizny (tzv. Cronograma de Execucdo), zahriajuci
aj bibliograficka aktivitu podla tyZdiiov vykondvaného projektu. Casté st
cesty do USA, Franctizska, Austrélie, Svaj¢iarska... Mnoho cudzincov
sa ziCastiiuje na brazilskych projektoch i na pedagogickej praci. Je priro-
dzené, ze vo vedeckych indtititoch susedia pracovne Taliana, Nemca,
Argentindana, Peruanca, Poliaka, Austrdl¢ana, ¢o prezradza globalizdciu
v rozvoji a difiizii vedeckych pracovnikov. A finanénd podpora na ich rozsi-
rovanie kazdy rok vyrazne stipa, ved len 3tdtna nadicia FAPESP poskytla
na podporu vedy roku 1994 priblizne 120 miliénov a roku 1996 uz 340 mili6-
nov USD. Uchadzanie sa o finan¢ni pomoc v nadacidch je skoro vzdy
korektné a rovnaké je aj prizndvanie dielu prace ucastnikov projektu. Nevy-
kondva sa tu (na%a) evaludcia uchadzacov ¢i ¢lenov projektu a dominantné
nie st administrativne ani kvantitativne kritérid.

Brazilia je privelkd na to, aby sa dala spoznat pocas kratkeho pobytu.
M4 nesmierne bohatstvo prirodnych krds a zaujimavosti, aby sa stihli navstivit
aspoii najlakavej3ie. Nestacia na to ani sami Brazil¢ania. A hoci mnohé
miesta nikdy nenavitivia, miluji celd svoju krajinu. Uzke cesty terénom
v Minas Gerais medzi historickou, imperidlnou Marianou a Ponta Novou
Sloveku udaruji. A kraj, dZungla, rieky, rastlinstvo zostdvaji v mysli ako
nostalgicka spomienka, rovnako ako jednoduchi, ale Tudia, ktori nesetria
lismevom a priatelstvom.

M. Dyda
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Petrologia, mineralogia a geochémia magmatickych
a metamorfnych procesov

Semindr pri prileZitosti nedoZitych 80. narodenin prof. RNDr. Jakuba Kamenického, DrSc. (17. 3. 1997)
zorganizovala Katedra mineralégie a petroldgie Prirodovedeckej fakulty Univerzity Komenského v Bratislave.

M. KOHUT a O. MIKO

Granitoidy Ziaru

Stcdasnd stavba jadrového pohoria Ziar odraZa vyrazné alpinske tektonic-
ké procesy spité s formovanim sa karpatského obliika. Ziar buduji prevazne
horniny kry3talinika s prevladajicimi granitoidmi viacerych typov. Vyskyt
variet hornin podmienilo rozsegmentovanie hrastu Ziaru na niekolko blo-
kov, ktorych pozicia vzhladom na vyzdvihové, resp. poklesové pohyby nie
je rovnaka. V sdcasnosti tu po vyraznej paleogénnej denudacii vystupuji na
povrch rozliéné etaze granitoidného masivu aj so zvyskami jeho metamorf-
ného obalu. Granitoidné teleso md naznak zondlnej stavby a v ramci jadro-
vych pohori predstavuje najhlbsie erodovanii &ast granitoidného pluténu,
Vac8inu tizemia buduje strednozrnny aZ dvojsludny granit aZ granodiorit,
Casto porfyrické, oznatované ako Ziarsky typ. Najerodovanej§iu centrilnu
Cast tvori hrubozrnny granit aZ granodiorit, miestami nevyrazne porfyrické,
V mensej miere sa na stavbe pluténu zicastiiuji hybridné biotitické grano-
diority aZ tonality, pegmatity a aplity a na jednom mieste sa identifikoval
aj biotiticko-amfibolicky kremity diorit.

Granitoidné horniny masfvu Ziar geochemicky patria medzi plutonické
peralumindzne horniny stredno az vysoko draselnej vdpenato-alkalicke] gra-
nodioriticko-monzonitickej série (ASI = 1,0 ~ 1,6; Peacockov index celej
série hornin je 58,5). Obsah SiO, s vynimkou dioritu je od 62,5 po 78,3 hm. %.
Pomer Na,O versus K,O v granitoch - granodioritoch je vyrovnany a pomer
Rb/Sr = 0,2—1,15 poukazuje na relativnu diferencovanost granitoidov. Nor-
malizované zdznamy REE vykazuju vyrovnany trend distribicie s nevyraz-
nou zdpornou Eu anomaliou pri vietkych typoch granitoidov. V zmysle kla-
sickej I/S typologie patria medzi granitoidy typu S. Podla geotektonickej
klasifikdcie ich moZno zaradit medzi neskorokolizne granitoidy so zdede-
nym geochemickym charakterom VAG, resp. CAG.

M. DYDA

Tektonometamorfny vyznam granitov malo-
karpatskych metapelitov

Teplotny a tlakovy vyvoj krustalneho metamorfného procesu definuju
metamorfné trajektérie modelované na zaklade termalneho a tektonického
rezimu. RekonStrukceia trajektorie predpoklada potencidlne zachovanie dole-
zitych mineralnych vzfahov, a to najmi pri termodynamickom reak&énom
prepise predchddzajiicej minerdlnej asociacie na novd, metamorfnymi reakci-
ami definovani a rovnovaznu minerdlnu asocidciu. Urif rozsah takychto
progresivnych metamorfnych reakcii umoziiuje detailnejSie porovnivanie
priebehu rekrystalizdcie v horninovych segmentoch. Vypo&itané P—T trajek-
tdrie (v rozsahu 570—650 °C a 3,5—6,1 Kbar) niektorych periplutonickych
asocidcii indikuju rozdielne vyzdvihové podmienky jednotlivych tektonic-
kych blokov. Analyza progresivneho rastu grandtu vychadzajiica z podrobne;j
analyzy distribucie kry§talovych velkosti potvrdila rychle chladnutie v prie-
behu vyzdvihu pri vzorkdch, kde hmotnostny transfer grandtu predstavoval
(M/M; = 0,10-0,53) nizke vypocitané hodnoty. Priemerna vypocitana nukle-
acna rychlost granatu (No/cm?/s = 2,9.10°—1,0.107) a di7ka reziden¢ného
casu rastu granatu (T, = 950—1700 rok) dokumentuji rozdielnost meta-
morfnej rekry3talizdcie jednotlivych horninovych segmentov. Hmotnostna
bilancia a rozsah progresivnych metamorfnych reakcif vytvarajicich granat
potvrdzuju, Ze sa tieto reakcie neskon¢ili bilan&ne a rast granatu

v nich zastavilo schladnutie a krat§ie trvanie progresivnej metamorfnej reak-
cie pri kulminacnej teplote. Ale kinetické charakteristiky progresivnej kry3-
talizdcie grandtu predstavuju regionalne metamorfné podmienky (s rychlos-
tou zahrievania ca 4.10° °C/rok) pri vzorkdch s periplutonickou tektonickou
poziciou. Je zrejmé, Ze postkulmina¢né chladnutie a rychlost vyzdvihu pri
exhumécii tychto blokov neboli rovnomerné, ¢o potvrdzuje aj vyvoj zonal-
nosti granatov. Je pravdepodobné, Ze pri niektorych vzorkdch vyzdvih pre-
ruila rychla variska tektonickd exhumécia. Alpinsky transport blokov roz-
rugil a premiestnil tatricky kry3talicky fundament do novych Struktdrnych
pozicii. Ziskané Gdaje treba chdpal ako argument o alochtonite tatrika
v malokarpatskej oblasti.

S. JACKO st.

Zikladné ¢rty tektonometamorfného vyvoja
Braniska a Ciernej hory

Branisko, Cierna hora a prilahlé gemerikum reprezentuji typicky a zdro-
veli najkrat§i profil internid Zdpadnych Karpat s temer kompletnym zastd-
penim zékladnych jednotiek variskej a alpinskej stavby. Vrchnej variskej
jednotke patri komplex Patrie (kry§talinikum Braniska), bujanovsky
a mikluSovsky komplex (v krydtaliniku Ciernej hory). Stredna jednotka
je odkryta iba v lodinskom komplexe Ciernej hory. Z paleoalpinskych
(predvrchnokriedovych) jednotiek chyba v su¢asnom erozivnom zreze re-
gionu iba kriZznanskd sekvencia fatrika.

Vo vrchnej jednotke variskej stavby Braniska sa varisky tektonotermalny
vyvoj zatina synkinematickou metamorfézou pri teplote 675—770 °C a tlaku
400—630 MPa a so zvyskami kyanitu, resp. jadier grandtu s 20—27 % obsa-
hom pyropovej molekuly (Vozarovd, 1993). V bujanovskom komplexe jej
pritomnost indikuju zloZenim analogické jadrd granatov (Jacko et al., 1990).
V migmatitoch bazalneho (miklu§ovského) komplexu tejto jednotky islo
o teplotu 570-610 °C a tlak 400-500 MPa (Korikovskij in Krist et al., 1992).
V strednej jednotke variskej stavby ju teplotou 520—540 °C a tlakom okolo
300 MPa reprezentuje kriticka paragenéza Bt+Mu+Kfs+Gr v dvojsiudnej
rule a Bt+Mu+St+GrtAnd vo svoroch (Korikovskij et al., 1990).

Druha tektonotermélna etapa, zastipend iba vo vrchnej jednotke variskej
stavby, sa geneticky viaZe na periplutonicky efekt granitoidov (Ar-Ar,
334 Ma; Maluski et al., 1993). Pri 590—648 °C a tlaku 300—400 MPa (Bra-
nisko), resp., 620—625 °C a 400—450 MPa (komplex Bujanovej), vznikla
v rule obidvoch pohori rovnaka kritickd paragenéza Bt+Gr+Kfs£Sill (Voza-
rova, 1993; Jacko et al., 1990). Tretiu tektonotermalnu etapu, viaZucu
sa vyluéne na polymigmatitovi aure6lu autometamorfovaného granitu buja-
novského komplexu, reprezentuje paragenéza Kfs+Mu£Bi+P] (Jacko, 1975).

Zavere¢nu, Stvrtd etapu variského tektonometamorfného vyvoja krystali-
nika inicioval presun vrchnej jednotky cez strednu (330-312 Ma, Ar-Ar
Dallmeyer, osob. inf.) a jeho produktom je penetrativna diaftoréza lodinské-
ho komplexu s paragenézou Q-+bauerit. Mu+Chl£Ep, vyskytujicou sa aj
v striznych zénach vrchnej jednotky.

Intenzita alpinsky predvrchnokriedovych paragenéz vieobecne rastie
s hibkou jednotiek a smerom na styk gemerika s veporikom. Tak Struktiry
prvého (AD)) $tadia deformdcie (lezaté vrasy smeru V-Z a mierne na JJZ
sklonena klivdz so synkinematickym Chl+Ser+Q+Ep+Zo) si penetrativne
vyvinuté iba v metamorfitoch lodinského komplexu a v jurskych suvrst-
viach jz. okraja obalovej sekvencie veporika. Rekry3talizacia bazdlnych
savrstvi cholského prikrovu pritom neprekro¢ila trovefi anchizény (250°,
Korikovskij et al., 1992).



V druhom, spodnokriedovom §tadiu deformdacie sa veporicka a gemerickd
doména regidnu sformovala do vrds smeru SZ-JV. Vo vrésovych Strukti-
rach lodinského komplexu veporického krystalinika zvycajne postkinema-
ticky dorastd paragenéza Chl+Mu+Q=Pl+Tourtllm+Ep+Zo. Regiondlnu
vrasovu stavbu tzemia smeru SZ-JV penetrativne rozstrihdva klivaZz marge-
cianskej striznej zény a jej pendantov vo veporiku a gemeriku. V tychto
Struktdrach rastie paragenéza Ser+Chl+Q Pl+Ab+Ep£ZoxCa. Z tektonitov
vrchného karbonu striznej z6ny Rohacky sa stanovila teplota 200-300 °C
(Korikovskij et al., 1991). Tektonity tejto tektonometamorfnej etapy
st obsiahnuté v eocénnych konglomerdtoch centralnokarpatského paleogénu.

Tretie, pravdepodobne vrchnokriedové stddium deformécie sa viaZe na
otvéranie striznych zén smeru SZ-JV a na ich vypli hydrotermdlnym zrud-
nenim. V $ir§ich, silicifikovanych dsekoch tychto zén sa lokalne vyvija
postkinematickd asocidcia Q+Mu+BitAb+Chl+Ca. NajmladsSie, Stvrté
deformac¢né §tadium je spité s postpaleogénnou, sinistralne posunovou reak-
tivaciou striznych zén smeru SZ-JV. Dokumentuji to polohy paleogénu
zavlecené do striznych zon (Kluknava). V tektonitoch striznych z6n je syn-
kinematicka paragenéza Chl+Ser+Q=Ep.

B. LUPTAK, M. JANAK a D. PLASIENKA

Kyanitovo-chloritoidové bridlice juhovychodne;j
casti veporika

Chloritoid z veporika prvykrat opisal Miik (1953). Alpinske novotvore-
né kyanity a chloritoidy na juZnom a jv. okraji veporika §tudoval Vrdna
(1964). Tieto mineraly sa v hornindch vrchného paleozoika vyskytuju
na rozhrani veporika a gemerika.

redmetom $tudia boli vrchnopaleozoické bridlice jv. veporika z lokality
Hankova. Charakterizuje ich mineralna asocidcia kremefi + svetla sluda
(muskovit - fengit - paragonit) + chloritoid + kyanit + chlorit + ilmenit +
+ rutil. Vznik minerdlnej asocidcie bohatej na chloritoid a kyanit zavisi
od celkového chemického zloZenia horniny (vysoky obsah Al,O5), a preto
sa vyskytuje predovietkym v metapelitoch.

MikroStruktirne pozorovanie ukézalo, Ze chloritoid je orientovany paralel-
ne s plochami metamorfnej bridli¢natosti. Neskor rotoval do ploch ¢, ktorych
vznik suvisi s tvorbou striznych pasov pri neskorsej extenzii (vrch na V).

Z chemickych analyz ziskanych elektréonovym mikroanalyzdtorom
sa vypocitala aktivita koncovych ¢lenov jednotlivych minerdlov a pouZila
sa pri termobarometrickom vypodte za pomoci vndtorne konzistentnych
termodynamickych dat.

V systéme FMASH vypocitané teplotno-tlakové podmienky z mineralnej
asocidcie chloritoid - chlorit - kyanit - kremeii H,O dosiahli 456-459 °C
a 8,2-9,3 kbar (PTAX - Berman, 1988), resp. 471-477 °C a 5,6-7,2 kbar
(THERMOCALC - Holland and Powell, 1990). Na vys§iu tlakovid meta-
morfézu Studovanych hornin poukazuje aj obsah Si vo fengite, ktory
sa pohybuje okolo hodnoty 6,4 na vzorcova jednotku.

Zistené teplotno-tlakové podmienky z kyanitovo-chloritoidovych bridlic
z Hankovej st v zhode s petrogenetickymi mriezkami metapelitov (Bucher
a Frey, 1994; Spear a Cheney, 1989). Pritomnost kyanitu a absencia pyrofy-
litu indikuju prekroéenie invariantného rozhrania stability pyrofylitu.
Na druhej strane sa vrchnoteplotna hranica stability chloritoidu, charakteris-
tickd vznikom grandtu alebo staurolitu, neprekrocila.

M. HURAIOVA a P. KONECNY

Teplota, tlak, zloZenie fluid a oxidaény stav
spodnokdrového magmatického rezervoara
na juznom Slovensku

Mafické a salické magmatické xenolity sa nasli v bazaltickom lapilovom
tufe maarovej Struktary pri Pincinej, ktord patri do podrecianskej formdcie.
Maar vznikol freatomagmatickou erupciou pri sedimentdcii poltdrskej for-

macie vrchnopliocénneho veku. Podla modalneho zlozenia sa identifikovali
gabroidné, anortoklasitové a tonalitové xenolity (Huraiova et al., 1996).

P—T podmienky krystalizdcie xenolitu sa odvodili pomocou rozli¢nych
termobarometrov a z hustoty inklizif CO,. Plastovy povod gabier indikujd
maximédlne P—T podmienky vzniku pyroxénov (1230 °C, 10 kbar), ktoré sa
zacali akumulovat v hibke 33 km pod recentnou diskontinuitou MOHO.
Hlavna masa pyroxénov kry3talizovala pri teplote 1160 °C a tlaku 6,5—7.5
kbar v hibke 19,5—23,9 km. Minimalna hodnota teploty 1068 °C’a tlaku 4,3
kbar moZe predstavovat subsolidovi reekvilibraciu tepelnym uc¢inkom oko-
litého bazaltu alebo podmienky neskorej akumuldcie pyroxénov vo vrchnej
Zasti rezervodra. Kombindciou amfibolového termometra a hustoty inklazii
CO, sa odvodili podmienky vzniku dvoch horizontov gabroidnych xer}oli—
tov bohatych na hornblend. Hornblendity s biotitom krystalizovali v hlbke
15—17 km (3,8—4.6 kbar, 981—989 °C) a hornblendity bez biotitu v hibke
18,8—20,3 km (5,0—5,7 kbar, 1013—1065 °C).

Podla hustoty CO, sa odliili aj dva horizonty anortoklasitov, ktorych
rozdielny oxidaény stav dokumentuje odli¥ny obsah Fe** v intersticidlnom
skle a variabilné zastipenie CO, CH,, H,, H,S a N, v inklaziach CO,.
Struktirne parametre skla (Mysen a Virgo, 1989) spolu so zloZenim a hus-
totou inkludovanych plynov v koexistujucich K Zivcoch sa pouZili na vypo-
get P—T podmienok a oxida¢ného stavu v spodnom horizonte anortoklasi-
tov. Tlak tu kolisal od 3,9 do 4,3 kbar a teplota od 740 do 840 °C. Fugacita
O sa pohybovala od 0,9 do 1,3 logaritmickych jednotiek pod experimental-
nym bufrom kremeii - fayalit - magnetit (QFM).

J. LEICHMANN, J. STELCL a K. ZACHOVALOVA

Petrologie vysoce radioaktivnich alkalickych
syenita z gfoehlské jednotky moldanubika

3 km na SZ od Ndamésti nad Oslavou v udoli feky Oslavy cca 500 na V
od intruzivniho kontaktu tfebi¢ského masivu s gfoehlskou skupinou molda-
nubika intruduji do moldanubickych biotitickych rul a migmatiti dvé drob-
nd, asi 100 m dlouhd ockovitd télesa alkalickych syenitl. Od durbachit
tfebi¢ského masivu jsou tyto drobné intruze odd€leny pruhem amfibolicko-
biotitickych rul a biotitickych migmatiti.

Télesa alkalickych syenitG nejsou zcela homogenni. Okrajovou facii tvof{
stfedng az hrubg& zmity amfibolicky alkalicky syenit, ktery ve stfedu t€lesa
prechazi do drobng zmitého leukokratniho alkalického syenitu. Obé variety
se 1i%f nejen zrmitosti, ale i minerdlnim sloZenim. V obou typech je zastou-
pen K Zivec (86—90 %), amfibol (3—10 %), zirkon, biotit a titanit. Kfemen
(2-9 %), plagioklas (do 2 %) a ilmenit se vyskytuji pouze v hrub& zmitych
amfibolickych alkalickych syenitech. Obsah zirkonu dosahuje v jemnozrmné
varieté az 5 %. S vysokym obsahem K Zivce koresponduje i vysoky obsah
K,0 (11—13 %) a Al,O; (17—18 %). Nizky pomé&r Mg/Fe tot. v horniné
(0,1—0,4) odpovida silné prevaze Fe nad Mg v hlavnim mafickém mineralu
- amfibolu ferropargasitu (Xmg 0,17—0,23). Pro alkalické syenity je cha-
rakteristicky vysoky obsah Th a U. Koncentrace U dosahuje u hrubozmé;jsi
variety aZ 40 ppm, Th aZ 98 ppm. U jemnozmné variety stoupa obsah U na
140—370 ppm a Th aZ na 350-960 ppm. Doposud jedinym zji§t€nym radio-
aktivnim minerdlem je zirkon. Jeho radioaktivitu zpusobuje isomorfni pfi-
més UO, a Cetné uzavieniny uranothoritu. Zirkon sam je v disledku vyso-
kého obsahu U a Th &asto zcela metamiktné pfemeénén na smés hydrozirko-
nu a dalsi velmi jemnozmné, obtizné identifikovatelné fize.

Pravé vysoky obsah radioaktivnich prvk, prostorovd sbliZenost alkalic-
kych syenitl s TM a jejich leukokratni charakter vedly Hajka a Lunu (1972)
a Weisse (1974) k interpretaci alkalického syenitu jako alkalického diferen-
tidtu tfebi¢ského masivu. Alkalické syenity ale do diferencia¢niho trendu
tfebi¢ského masivu nezapadaji. Jeho diferencia¢ni trend sméfuje od MgO
(8 %) a K,0 (8 %) bohatych a Na,O (2,4 %) relativn¢ chudych mafickych
biotiticko-amfibolickych syeniti k Na,O (4 %) obohacenym a MgO (0,6 %)
a K,0 (5 %) ochuzenym biotitickym Zulam a ne k alkalickym amfibolickym
syenitim, Na druhou stranu sblizené poméry Th/U (alk. syenity 1,9—2,8;
2—2,6 TM) a jejich vysoky obsah v obou t€lesech sv&d¢i pro genetickou
sblizenost alkalickych syeniti s horninami tfebi¢ského masivu. Vzijemny
vztah obou téles je objektem dal§iho vyzkumu.




A. VOZAROVA

Vyznam Kklastického detritu pri interpreticii vyvoja
sedimentacného bazéna Iubietovského permu

Lubietovsky perm je reliktom vyplne transtenzno-transpresného kontinen-
tdlneho sedimentaéného bazéna vzniknuviieho na podklade varisky sformo-
vanych kry3talinickych komplexov, ktoré dnes vystupuji na povrch
v alpinskej jednotke severného veporika.

Relikty vyplne tohto bazéna maju znaky vyraznej litofacialnej diferencia-
cie v laterdlnom aj vo vertikdlnom smere, o vyjadruje ich litostratigrafické
Clenenie. Odspodu nahor vy&lenené dve litostratigrafické jednotky - brus-
nianske a predajnianske stvrstvie - sa odli¥uju nielen typom aluvialnej sedi-
mentécie, sedimentaénym reZimom a smerom transportu, ale aj charakterom
klastického detritu, a teda aj zdrojovych oblasti (Vozarova, 1979). Detritic-
ky mod pieskovca brusnianskeho savrstvia signalizuje granitovd zdrojovi
oblast, zloZenie obliakov, ako aj petrofacidlne parametre pieskovca predaj-
nianskeho sivrstvia zdroj z nizkometamorfovanych az strednometamorfo-
vanych komplexov severoveporského krystalinika. Okrem toho predajnian-
ske sdvrstvie obsahuje kanibalisticky prepracovany detrit z podloZného
brusnianskeho stivrstvia, ktory reprezentuji tlomky z vulkanogénneho hori-
zontu Harnobisu. DéleZité je zistenie, Ze je medzi obliakmi predajnianskeho
sivrstvia vela dlomkov z mikrogranitu, ¢o vylutuje ich mlad$i permsky
alebo dokonca postpermsky vek. Rovnako zavaznym faktom je, Ze sa
medzi obliakmi nena3li diaftority. Minerdlne asocidcie v metamorfitoch
zodpovedajui progresivnym fizam metamorfézy. Na zédklade ostrej zmeny
v skladbe detritu, ako aj sedimentatného systému a transportnych smerov
predpokladdme intrapermské prerudenie v sedimenfdcii a paralelnd nesu-
hlasnost medzi obidvoma permskymi formaciami Tubietovského permu.

P. UHER a I. BROSKA

Apatitovo-biotitovy geotermometer - aplikicia
na hercynske granitoidy Zapadnych Karpat

Apatitovo-biotitovy geotermometer vyuZziva rovnovaznu distribiciu F-
a OH- v koexistujicom pare apatit (Ap) - biotit (Bt), ktor4 je funkciou teplo-
ty. Jeho najprepracovanejdia verzia (Zhu a Sverjensky, 1992) ma podobu:

T(°C) = (8852 - 0,024P + 5000X,B)/(1,987InK ) + 3,3666) - 273,15.

P je tlak v baroch, ale na vypo&et teploty ma nepatry vplyv, a preto sme pri
granitoidnych hornindch, ak nie je urdeny inak, pouZili P = 4 kbar = 400 MPa.

X7 = molar (Fe + AIVl)/(Mg + Fe + AIVl) v Bt, K, = molar
(Xe/X o) *PI(Xe/ X o).

Aplikdcia tohto vztahu na desat vzoriek hercynskych granitoidov Zapad-
nych Karpdt analyzovanych na elektrénovej mikrosonde s nameranym F-
as OH iba dopocitanym na idealnu stechiometriu poskytla relativne vysoku
»magmaticki teplotu™ 690—1040 °C, v priemere 750—850 °C.

Problém sa ukdzal ako komplikovaneji, ked sme do dvoch vzoriek gra-
nitoidov Tribe¢a dosadili realistickejsi, klasickou chemickou analyzou sta-
noveny obsah H,0, F, Cl a CO, z vyseparovanych apatitov. Kym obsah F-
bol velmi blizky idajom z mikrosondy, obsah OH- bol podstatne niZ3i.
To vyrazne ovplyvnilo pomer (F/OH)?, a tym aj teplotu, ktora sa z povod-
nych 730—760 °C zmenila na 520 °C, resp. z 850-890 °C na 660 °C.

Hoci zatial ide iba o obmedzeny pocet vzoriek, ukazuje sa, Ze apatitovo-
-biotitovy geotermometer, ktory sa doteraz chdpal ako indikdtor magmatickej
kryStalizacie materskych hornin, poukazuje skor na chemické uzavretie paru
apatit - biotit pri podstatne niz3ich, subsolidovych podmienkach.

I. BROSKA, I. PETRIK a P. SIMAN
Petrogeneticky vyznam monazitu

Pre nové mozZnosti aplikicie v magmatickom a metamorfnom procese
je monazit v poslednom case predmetom ustavicne rasticej pozornosti petrolo-
gov. Okrem tradi¢ného vyuZivania v paragenetickych; resp. v sukcesnych
vztahoch a v izotopovej geologii, sa dnes stale Castejie pouZiva ako geo-
termometer, ale aj minerdl velmi vhodny na tzv. chemické datovanie.

Experimentalne prace ukdzali, Ze saturdcia prvkov vzdcnych zemin zdvisi
od teploty a to viedlo k vzniku REE geotermometra zaloZeného na $tudiu
rozpustnosti monazitu v taveninach (Montel, 1986, 1993). Tento geotermo-
meter, dobre korelujici so Zr termometrom, sa v Zdpadnych Karpatoch
uspedne vyuzil v krystaliniku Malej Fatry (Broska et al., 1997) a Tribeca
(Broska a Petrik, in prep.).

Chemicky datovat monazit moZno vdaka tomu, Ze magmaticky mona-
zit je prakticky bez oby&ajného Pb, a preto nie je nevyhnutné poznat izo-
topické zlozenie U-Th—Pb (Suzuki a Adachi, 1991; Montel, 1996). Na
tomto principe je zaloZené datovanie monazitu na mikrosonde, ktoré
poskytuje rychlu, lacni, ale relativne presnd informaciu o veku. Mikro-
sondové datovanie monazitu v Zapadnych Karpatoch napr. preukdzalo
spodnokarbénsky vek ortoruly v Nizkych Tatrach alebo permsky vek hni-
leckého granitu.

Stabilita monazitu sa zacala bliz8ie §tudovat v Alpach iba v ostatnych
rokoch. Ukazalo sa, Ze monazit je v amfibolitovej facii nestabilny a postup-
ne sa meni na allanit. Tento jav sa zistil aj vo veporiku v hybridnom kom-
plexe. Opacny jav, ked sa allanit meni na monazit, je zndmy napr. z ortortl
zo svekonorskej provincie v jz. Norsku (Bingen et al., 1996). V Tribe¢i sa
spozoroval magmaticky zvrat v kry§talizdcii allanitu a monazitu, ked sa
pociato¢na krystalizacia allanitu neskor zmenila na masivnu kryStalizdciu
monazitu v hlavnom magmatickom 3tadiu. V tychto vzorkach sa allanit
zachovava vo forme jadier v monazitoch.

Napokon treba pripomeniit, Ze monazit md popri petrologickom aj prak-
ticky vyznam. Okrem toho, Ze surovinou prvkov vzdcnych zemin, zuZitkiva
sa aj ako sorbent U a Th na sklddkach radioaktivneho odpadu.

M. SUK

Alpinotypni ultrabazika na juhovychodnim
okraji Ceského masivu

Na jv. okraji Ceského masivu jsou zastoupeny ultrabazické horniny riiz-
ného ptivodu a rozdilného geologického postaveni.

1. Soucdst rozvleCenych metaofiolitovych komplexi (letovické krystali-
nikum, staroméstské pasmo, metabazitova zona brnénského masivu, raabska
jednotka, Nova Rudd-Sleza). Tyto vyskyty maji zdkonité usporadani, indi-
kujici prabéh predhercynské sutury.

2. Soucasti téles hlubinnych vyvielin jsou ultrabazické horniny tvofici
kumuldty v gabroidnich masivech (Ransko, Utin), ultrabazika tvorici relikt-
ni souhy a ¢o¢ky v durbachitech (tfebi¢sky masiv) a télesa spjatd s ortoamfi-
bolity (jesenicky a sobotinsky masiv, Dolni Bory). Jsou to vesmés plagio-
klasové peridotity, které mivaji tholeiitovy diferencia¢ni trend a je s nimi
spojeno sulfidové zrudnéni.

3. Samostatnym vyskytim ultrabazickych lav se bliZi horniny v severni
Casti staroméstského pasma (Petrovice), nebo té3initové formace v Besky-
dech.

4. Ultrabazické xenolity v alkalickych bazaltoidech v Nizkém Jeseniku
jsou typické ¢tyffazové lherzolity.

5. Ultrabazické horniny tvofici ¢ockovitd télesa v pararuldch, migmati-
tech a leukokratnich metamorfitech (ortoruly, granulity). Jsou to lherzolity,
harzburgity a pyroxenity ¢asto se spinelem a granatem. Jsou koncentrovany
do pruht sledovatelnych na desitky kilometrd. Tyto pruhy nemaji nic spo-
le¢ného s moravskym nasunutim, jsou vazany na stfizné zony a jsou v nich
stavby odpovidajici tektonickému rozvlegeni. Vétsina udajii ukazuje, Ze gra-
nat je v nich metamorfni a nikoliv pld§tového pavodu. To vzbuzuje pochyb-
nosti o spravnosti viech tvah o hloubkové anizotropii svrchniho plasté
ve stfedni Evropé€, pokud vychazeji z tohoto argumentu.

S. DAVIDOVA
Graficky granit v pegmatitoch tatrika

Jednym z vyvojovych stadii pegmatitov je vznik grafickych prerastov
kremefia a Zivca. V tatriku sa s takymito prerastmi stretime pri mocnejsich
(>0,5 m) zondlnych alebo scasti zondlnych pegmatitoch, kde tvoria bloky
maximalne velké 0,6x0,30x0,40 m.

V tatrickych pegmatitoch sa vyskytuji dva typy grafického prerastania,
ato l. prerasty kremena a mikroklinu a 2. prerasty kremena a albitu.



Pre prvy typ st charakteristické ichtioglypty s euhedralnym a niekedy na
konkdvnej strane so skeletovym, nepravidelnym ohrani¢enim. Obsah kreme-
fia sa pohybuje medzi 21—33, Or 54—63, Ab 14—23 a An 0,11—0,53 %.
Struktérne vztahy mineralnych fdz, chemické a fazové zlozenie urcuju pri-
marny magmaticky vznik grafického prerastania, ktory prebiehal si¢asnou
krystalizaciou obidvoch faz v nerovnovaznych podmienkach ako vysledok
podchladenia. Stcasnd krystalizécia nezodpoveda klasickej eutektickej kry3-
talizacii, ale ju uréuji kinetické fenomény na rozhrani kry3tél - tavenina.

Druhy typ je jemnozrnnejsi a ma vy3si obsah kremertia (od 31 % do 49 %).
Plagioklas je albit az veImi kysly oligoklas so 4 az 11 % An. Ichtioglypty si
nepravidelné, bez euhedralnych ploch. Struktime vztahy a chemické zloze-
nie (nizky obsah An) poukazuja na sekunddrny povod tohto prerastania.

Po vykrystalizovani hlavnych etdp pegmatitu vznikla fluidno-kvapalna
fdza bohatd na Na, ktorej dispozicia okolitych hornin neumozZnila dnik, a tak
prebehlo zatld¢anie okrem povodnych minerdlov aj grafického granitu
[. typu a vznikol graficky prerast s albitom 2. typu.

P.IVAN

Relikty magmatickych mineralov a Struktar
v HP/LT metamorfovanych vulkanitoch meliatsko-
-halStatského oceana

Vysokotlakovo-nizkoteplotné (HP/LT) metamorfované horniny najdené
v prikrove Borky v ofiolitovej formdcii tdolia Bodvy, ako aj v obliakoch
kriedového zlepenca gosauského typu pri DobSinskej Ladovej Jaskyni
vznikli ako vysledok subdukcie mezozoického meliatsko-halstatského oced-
na na rozhrani strednej a vrchnej jury. NajrozsirenejSie su v prikrove Borky.
Na rozdiel od tradi¢nej predstavy nereprezentuji iba horniny subdukovanej
ocednskej dosky, ale aj horniny, ktoré pri subdukcii tvorili jej bezprostredné
nadlozie. Kritérid na ich odliSenie st najmé petrografické a geochemické
a umoZiuju identifikovat protolit, jeho geodynamické prostredie vzniku
a metamorfnu evoldciu. Identifikdciu protolitu ulahgil fakt, Ze v HP/LT
metamorféze sa zachovali §truktiry predchédzajicich vyvojovych $tadii.

Vysledky $tadia viedli k nasledujicim zadverom:

I. Vlastné horniny meliatsko-hal§tatského ocedna st prevaZne z meta-
morfovanych magmatitov najvrchnejej €asti pdvodnej ocednskej kory -
bazaltov a doleritov, zriedka i gabier.

2. Sledované horniny si zva¢8a dobre zachovali primdrnu magmatickt
Struktiru. Vo vylevnych bazaltoch dominuje ofitickd, resp. subofiticka
Struktdra. Zistila sa aj glomeroofitickd, intersertilna a hyalinna §truktira.
Pre hyaloklastity a autoklastické lavové brekcie je typicka brekciovita §truk-
tura. Intruzivne magmatity mali povodne doleritovti a gabrovu Strukttru.

3. Metamorfdza ocednskych magmatitov mala poly§tadidlny charakter.
Star$iu metamorfézu typu oceanskych riftov vystriedala progresivna meta-
morféza v subdukénej zone a nerovnako intenzivna regresivna metamorféza
pri exhumdcii.

4. Jedinym zachovanym magmatickym minerdlom je reliktny klinopyro-
xén. Jeho zloZenie v zhode s celohorninovymi geochemickymi idajmi
potvrdzuje blizkost povodnych bazaltov k bazaltom zaoblikovych bazénov.

5. Porovnanie zloZenia magmatickych pyroxénov subdukovanych
(Radzim) a obdukovanych (Jaklovce) bazaltov meliatsko-hal3tatského oceé-
na rovnako ako porovnanie celohorninovych geochemickych udajov indi-
kuji, Ze subdukovand bola kora raného $tadia otvarania sa meliatsko-
-hal8tatského ocedna, kym obdukovand bola uZ kora rozvinutého 3tadia
s bazaltmi blizkymi normédlnym bazaltom stredoocednskych riftov.

L. LUDHOVA a M. JANAK
Cordierit - novy mineral krystalinika Tatier

Cordierit sa ako produkt regiondlnej metamorfézy v ramci krytalinika
Zapadnych Karpét po prvykrét zistil vo Velkej Fatre (Jandk a Kohut, 1996)
a neskor aj v zdpadnej asti kryStalinika Tatier (Janak a Ludhovd, 1996).

Tatranské kryStalinikum tvoria dve hlavné tektonické jednotky vykazujice
inverzni metamorfni zonalnost. Vy3sie metamorfovand vrchnd jednotka
zahfila jazykovité granitoidné teleso, v ktorého podlozi aj nadloZi si mig-
matity tzv. sillimanitovej zény (Janék et al., 1988). Migmatity s cordieritom
vystupuji v bezprostrednom nadloZi granitoidov na lokalite JeZzova

v Zapadnych Tatrach. Kontakt pelitickych migmatitov s granitoidmi nie je
ostry, tak?e mozno pozorovat postupni zmenu textiry od stromatitickej po
diatexicki a? granitovd. Leukosém migmatitov je z kremefia, plagioklasu,
K Zivca a Gasto z myrmekitu a pertitu. Obsahuje aj granat, ktory je v nerov-
nakom rozsahu resorbovany hnedym Zelezitym biotitom a prizmatickym sil-
limanitom. Cordierit podlahol silnej pinitizcii, a tak sa zachovali len jadrd
niektorych zfn. Jeho zvy$ky sa vZdy nachddzaju uprostred jemnozrnného
fengitického muskovitu. Cordierit zatlaaju aj porfyroblasty muskovitu pre-
rastajiceho sa so svetlozelenym hore¢natym biotitom. Pseudomorféza po
cordierite je pomerne ¢astd, ale vi&sinou je pinitizovany dplne. Na zdklade
mikroskopického pozorovania moZno predpokladat, Ze cordierit vznikol zo
7elezitého biotitu a sillimanitu reakciou biotit + sillimanit + kremeii = cor-
dierit + K Zivec + tavenina a7 po resorpcii granatu biotitom a sillimanitom,
ale nie sudasne, resp. na tkor granatu. Podla optického pozorovania, petro-
genetickej mrieZky a termobarometrickych vypoctov sa rekonStruovala
P—T trajektéria indikujica exhumaciu z hibky zodpovedajicej tlaku viac
ako 5—6 kbar a teplote vy3Sej ako 800 °C. Pikové P—T podmienky zodpo-
vedali krivke dehydrata¢ného tavenia biotitu produkujicej grandt a K Zivec
ako zvySok. Pri nasledujicom poklese teploty a pravdepodobne aj tlaku
nastala resorpcia granatu za vniku sillimanitu a biotitu a z nich pri dalSom
poklese tlaku pod 4 kbar vznikol cordierit. Cordierit uprostred leukosoma-
tickych poldh vznikol pravdepodobne aZ po kry3talizacii taveniny a neskor
sa po&as chladnutia v subsolidovych podmienkach uplatnila pinitizdcia
a zatla¢anie cordieritu za vzniku phengitického muskovitu a hore¢natého
biotitu. Vznik cordieritu v masive JeZovej bol pravdepodobne vysledkom
celkového chemizmu horniny, lebo je hore&natejsi ako v ostatnych Castiach
sillimanitovej zony vrchnej jednotky kryStalinika Tatier.

M. KOVACIK

Retrogradne reakcie otvoreného systému - litkova
a objemovi bilancia a dalSie aplikacie (dva priklady
z kohuitskej zony)

V alpinskej tektonometamorfoze juhoveporického krystalinika majd vyznam-
nu dlohu metasomatické procesy, ktoré ilustrujeme na dvoch prikladoch.

V prvom pripade sa analyzuje regiondlny fenomén - rozklad predalpin-
skeho staurolitu. Vybraté pseudomorfézy po staurolite sa skladaji z 55 %
chloritoidu, 30 % paragonitu a 15 % muskovitu. Informdciu o pohyblivosti
zloZiek v danej reakcii priblizuje rovnica odvodend podla metdédy Gresensa
(1967)

100 g st +2,4 g H,O + 1,7 g Na,0 + 1,2 g K,0 + 1g Si0, + 0,3 g MgO +
+ (LCa0) = 50,9 g ctd + 22,8 g par + 11,2 g ms + 20,2 g ALLO; +
+ 1 g FeO + ({Ti0,, MnO, Zn0?)

Z mikroskopického pozorovania, ale aj z grafického vyjadrenia prinosu
a odnosu prvkov v pseudomorféze vychodi, Ze ide o izoobjemovu alebo
mierne pozitivnu objemovid zmenu (napr. 8 % rast objemu by mohla indiko-
vat imobilita FeO,,, pri¢om zarovefi o niec¢o klesd vynos Al,05). Prinos
fluid sa derivuje z externych zdrojov, lebo sledované metapelity bohaté na
Fe a Al neobsahuji Zivec, biotit ani iné fazy, ktoré by pri premendch uvo-
Movali alkélie alebo vodu.

V druhom pripade ide o alterdciu v okoli magnezitovo-mastencovych
telies, ktord svojou intenzitou prakticky zotrela charakter horninového pre-
kurzora. Je to kyanitovo-magnézovo-chloritickd bridlica, ktord pravdepo-
dobne vznikla z granitu ako vysledok infiltra¢nej metamorfézy. Pri predpo-
kladanej izoobjemovej premene dostdvame rovnicu:

100 g granitu + 23,3 g MgO + 133 g ALO; + 3,1 g FeO + 4.3 g H,0 +
+0,2g P,O;+0,1 g TiO, + 0,2 CO, — 102,2 g ky-Mg-chl bridl. + 39,9 g SiO, +
+2gNa,0+0,9gK,0+0,6gCa0 +0,6 g Fe,05

Naznacena retrogradna premena je spitd aj s vyraznou pohyblivostou
mikroprvkov. Do systému sa prinda Li, Ga a lahké vzacne zeminy
a odnos reprezentuje Rb, Ba a tazké vzdcne zeminy. V porovnani
s prvym prikladom je tento typ premeny charakteristicky zjavnym prino-
som Al




Obidva pripady dokumentuji zna¢na mobilitu Al v naloZenom metaso-
maticko-metamorfnom procese.

M. SUK a V. BEZAK

Prekambrické jednotky v alpsko-karpatskej
sustave

Identifikdcia prekambrickych blokov v mlad§ich orogénnych sistavach
ma pre poznanie hlbinnych Struktur kontinentdlnej kory velky vyznam, a to
najmé v pripade, ked st orogénne pésy lemujice 3tity deftruované a ich
fragmenty zabudované do novych péasov alebo pre-kryté, ako je to aj v pri-
pade eurdpskych alpid.

Stredna vrstva kory (granitovo-rulova) v alpsko-karpatskej sdstave patri
jednak prekambrickym a jednak hercynskym jednotkam. Od Ceského masi-
vu pokra¢ujd na J dva prekambrické bloky (z moldanubika
na Z a brnianska jednotka na V) do podloZia Alp aspofi po insubricki liniu.
Brnianska jednotka pokratuje aj na V v podlozi Zapadnych Karpat. Podla
najnovsej interpretdcie je jej juZzna hranica nepravidelna a v strednej Zasti

Slovenska siaha do 100 km na J od severného okraja Karpat. JuZnejsie boli
jej fragmenty (ak existovali ?) z tohto priestoru oddelené pri riftingu pennin-
ského ocedna a ich poloha nie je doteraz znama. Zaradenie prekambrickych
jednotiek v podlozi pandnskej panvy a v dinariddch medzi laurazijské, resp.
gondwanské je stale diskutabilné.

V. BEZAK, L. PETRIK, L.. HRASKO a I. BROSKA

Struktiiry a vyvoj hercynskych granitovych
pluténov vo veporiku

Granitoidy tvoria v krystaliniku veporickej jednotky zloZitl stistavu telies
vzniknuv§ich pocéas hercynskeho vyvoja. Najstar§ie vystupuji
v tzv. hybridnom komplexe, ktory sa pri hercynskych tektonickometamorf-
nych procesoch zmenil na ortorulu. Strednt skupinu predstavuji granitoidy
vzniknuvsie v zavere hercynskych koliznych procesov (okolo 350— 340 Ma)
a najmlad8iu pestra paleta pomerne malych telies neohercynskych granitoi-
dov vrchnokarbénskeho a permského veku (hron¢ockého, sihlianskeho,
ipelského, klenovského typu a p.).
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Perspektivy neriud v tretom tisicroci

.z pohladu monografie P. W. Harbena a M. KuZvarta Industrial Minerals: Global Geology
(England, Industrial Minerals Information Litd. 1997. 462 p.)

Recenzovand publikdcia je prepracovanym a aktualizovanym
spojenim 3. vydania monografie P. W. Harbena a R. L. Batesa
Industrial Minerals - Geology and World Deposits (London 1990,
312 p.) a 2. vydania monografie M. KuZvarta Industrial Minerals
and Rocks (Praha 1984, 454 p.), ktoré sa zaoberaju geoldgiou,
genézou, distribiciou a vyuzivanim priemyselnych minerdlov
a hornin.

Konven¢ne sa medzi ne zaraduju nie iba minerdly a horniny
vhodné na ziskavanie kovov, ale aj horniny a minerdly prevaZne
nekovového vzhladu zuZitktvajice sa v rade priemyselnych odvet-
vi. Autori sa venuju 48 nerastnym surovindm od azbestu po zeolity
vritane bauxitu, chromitu, oxidov Fe, minerdlov Mn, vzdcnych
zemin, ako aj minerdlov Ti a Zr. Tak vzniklo doteraz najlepSie
kompendium o priemyselnych minerdloch, v ktorom sa zakladné
poznatky poddvaji komplexne, proporciondlne a vo vzdjomnej nad-
vdznosti a spatosti.

Uvod kazdej kapitoly obsahuje mineralogickd, chemicku a fyzi-
kélnu charakteristiku suroviny. Potom sa opisuje jej pouZitie v prie-
mysle aj s vyhladom do 21. storo€ia a typy loZisk podla vzniku, ¢o
je dolezité z aspektu vyhladdvania novych loZisk i vycletiovania
prognéznych oblasti. Reprezentativny vyber najvyznamnejsich sve-
tovych lozisk je dokumentovany mapami a profilmi. Doraz sa kla-
die na loZiskd USA, strednej a vychodnej Eurépy a byvalého ZSSR.
Velmi uzito¢né su tdaje o taZzbe najvyznamnej$ich producentov
podla §tatov v rokoch 1990-1995, ako aj poznatky o vyhladdvani
novych loZisk a o geochemickych a geofyzikalnych prospekénych
metdédach. Pri kaZzdej surovine sa uvddzaji aj najvyznamnejSie
préce o nej.

Autorom sa podarilo odstrinit zdsadny nedostatok predchadzaju-
cich monografii, a to absenciu globdlnej genetickej klasifik4cie
priemyselnych minerélov, ktord pri rudach o. i. rozpracoval A. G.
Betechtin a V. I. Smirnov. Obsahuje ju rozsahom nevelkd tvodna
kapitola, ktord opisuje zdkladné geologické procesy s ohladom na
podmienky a sposob vzniku priemyselnych mineralov. Tak sa cha-
rakterizuju minerdly tvoriace sa poas magmatizmu, na pegmati-
toch, skarnoch, skarnoidoch, karbonatitoch, hydrotermalnych
a metasomatickych loZiskdch, na sublimatoch, pri zvetravani, sedi-
mentécii, diagenéze, evaporizacii a metamorféze. Doteraz sa takyto
postup nepouZival velmi Casto a argumentovalo sa tym, Ze td ista
surovina vznikd na viacerych genetickych typoch. Autorom sa
podarilo vhodne schematizovat klasifikdciu lozisk priemyselnych
minerédlov na genetickom principe a predstavit ju aj tabeldrne spolu
$ charakteristikou termodynamickych podmienok vzniku, povahy
okolitych hornin, tvaru a hibky uloZenia. Na tomto principe sa po
prvy raz systémovo poddva genéza loZisk sledovanych minerdlov
vzhladom na zdkladné geologické procesy, ¢o isto pomdze zvysit
Ucinnost pouzivanych metodik pri vy¢lefiovani prognéznych oblas-
ti, ako aj efektivnost a hodnovernost geologického prieskumu.

Je nesporné, Ze sledovand monografia je vyznamnym vkladom
do poznania lozisk priemyselnych minerdlov najmi tym, Ze posky-
tuje doteraz najucelenejsi sthrn poznatkov o nich z celosvetového
hladiska. Zdroveil dokumentuje, Ze istd recesia vo vyhladéavani,
prieskume a tazbe nerastnych surovin v postindustridlnej ére sa
priemyselnych minerdlov netyka v nebezpeénej miere.

Toto tvrdenie moZno Tahko podopriet. Objem tazby nerad
a obchodu s nimi vo svete vytrvalo rastie bez vykyvov charakteris-
tickych pri ruddch a energetickych surovinach. Vynimkou je azbest,

baryt, flourit a mineraly sillimanitovej skupiny. Nerudy sa stle
vo vit3ej miere vyuZivaji v novych priemyselnych odvetviach.
Osobitné postavenie nadobudaji najmé ako minerdine plnivé pri
vyrobe papiera, plastov, gumy a niterovych hmot, o bezprostredne
vplyva na spotrebu mastenca, vipenca, Zivca, kaolinu, sludy, roz-
li¢nych foriem Si0,, wollastonitu, diatomitu a sadrovca. Dal¥ou
oblastou je Specidlna keramika, kde sa pouZiva kaolin, kaolinitovy
il, grafit a zirk6n. Pri ochrane Zivotného prostredia rastie vyznam
minerdlnych sorbentov a fixdtorov, v ktorych sa stdle vyznamnejSie
uplatiiuje perlit, vermikulit, bentonit, illiticky il, zeolit a diatomit.
Tieto minerdly spravidla nahrddzaji drah$ie suroviny a sicasne
davaji vyrobku doleZité vlastnosti, ako je elektrickd vodivost, pev-
nost v ohybe, stélost pri vysokej teplote ap.

Nahradzanie tradi¢nych surovin netradiénymi viedlo v 90.
rokoch k impozantnému rastu vyroby plastov, pri ktorej spotreba
spomenutych surovin rdstla ro¢ne priblizne o 7 %. Rovnako inten-
zivne sa rozvija §pecidlna keramika, ktord produkuje novi genera-
ciu materialov pre elektrotechniku a elektroniku (okolo 77 %), stro-
jarstvo (okolo 10 %) a na vyrobu optickych vldkien (okolo 9 %).

Vyroba novych materidlov vyZaduje suroviny s vysokym stup-
flom homogenity, a tym aj velkej stability zdkladnych technologic-
kych parametrov, ¢o kladie na Gpravu nertid mimoriadne ndroky.
Napriklad plaveny kaolin pouZzivany pri vyrobe papiera sa musi
delaminovat, elektromagneticky separovat a kalcinovat. Ultrajemné
mletie na velkost zrna v mikrometroch a flotacia sa musia aplikovat
na mineraloch s rozli¢nymi fyzikdlnochemickymi vlastnostami, ako
je sylvin, Zivec, sfuda a mastenec. V sicasnosti sa stale CastejSie
ako metédy Upravy vyuZivaju rozmanité formy separdcie -
elektrostatickd (Zivec), optickd (mramor), chemickd (nitraty, potas,
kamennd sol), ako aj povrchové tprava minerdlnych plniv.

Recenzovand monografia sa dotyka vietkych spomenutych tren-
dov. Aj preto je vybornou u&ebnicou pre univerzitnych Studentov,
ale aj priru¢kou pre odborné kruhy venujtice sa vyhladavaniu,
prieskumu, taZbe, dprave a spracivaniu priemyselnych mineralov,
ako aj obchodu s nimi. Mala by byt aj silnym impulzom na ich lep-
Sie zuZitkGvanie aj na Slovensku. Ide najmi o naSe loZiskd magne-
zitu, dolomitu, vdpenca, mastenca, kamennej soli, sadrovca, anhyd-
ritu, perlitu, zeolitu, kaolinu, {lu, bentonitu, diatomitu, limnokvarci-
tu, kremefia a taveného Cadic¢a, ktoré maju overené zasoby, v nie-
ktorych pripadoch nadpriemernd kvalitu, ale nedostato¢ntd Gpravu,

a preto aj mimoriadne nizku aplikdciu najmd v novych odvetviach.
Navy3e by sa to mohlo tykat aj pyrofylitu, grafitu, alginitu a dal8ich
surovin, ktoré podla sicasnych vedomosti mozno pokladaf za netra-
di¢né, ale cesta k ich uplatneniu bude zdihav4, ba nedspe¥n4, ak sa
buda nové trendy v ich vyuZivani obchddzat alebo ignorovat.

Na ilustréciu predchadzajicich kon3tatacii azda staci uviest slo-
venské loziskd dolomitu, ktoré skryvaji zdsobu vynimoc¢ne kvalit-
nej suroviny, akd azda nema nijakd ind krajina na svete, ale napriek
tomu sa na niektoré naro¢né aplikdcie surovina dovéza, pretoZe ju
u nas nateraz nemozno efektivne upravit.

Na zaver podCiarkujeme, Ze je nevyhnutné v zakladnom aj v apli-
kovanom vyskume v §titnej sprave aj u (aZiarov vyvinl maximal-
ne Gsilie vyuZit v oblasti nertd nidkajucu sa prilezitost. Slovensko
totiz ma vietky predpoklady na to, aby jeho nerudné suroviny hrali
v trefom tisicro¢i ovela vyznamnej$iu dlohu ako doteraz, a tak
pomohli pri jeho vdestrannom rozvoji.

I. Kraus




RNDr. Bartolomej Lesko, DrSc., osemdesiatrony

RNDr. Bartolomej Le8ko, DrSc., sa 3. jiina
1998 v plnom zdravi, s obdivuhodnou vitalitou
a s neutichajiicim pracovnym zédpalom doZiva
osemdesiatky. Dnes je vzdcny jubilant aktivny
najmé na duchovnom poli pri opdtovnom obrod-
zovani gréckokatolickej cirkvi na vychodnom
Slovensku.

Tak ako v minulosti, ked pdsobil na poli geolo-
gického vyskumu a prieskumu v rade 3pecializacii,
. Studuje dnes historické stvislosti zrodu a posobenia
gréckokatolikov na vychodnom Slovensku.
Vysledky 3tidia publikuje doma (hlavne prostred-
nictvom Matice Slovenskej) aj v zahranic¢i (Kana-
da). Je takmer neuveritelné, Ze sa mu v kratkom case podarilo vybudovat prekrasny
novy kostol v Nacinej Vsi (okr. Michalovee), kde je v sii¢asnosti duchovnym pastierom.

S netinavnostou a jemu viastnym zdpalom sa nadalej Zivo zaujima o dianie na poli
geoldgie, predovietkym ropnej na vychodnom Slovensku. Pravidelne navitevuje
zdvod a. s. Nafta v Michaloveiach, s ktorym ho viaZu dlhodobé odborné, ale aj pria-
telské vztahy.

RINDr. B. Lesko, DrSc., uz roku 1969 ako pracovnik Slovenského geologického
Gradu spolu s jeho prvym riaditefom Ing. J. Slavikom, DrSc., na ropnej konferencii

v Pie§tanoch nacrtol smer vyskumu ropnej problematiky na Slovensku v pribradlovej
z6ne a vo vonkajsom flySovom pdsme. Tejto oblasti sa jubilant uZ ako pracovnik
Geologického ustavu D. Stura intenzivne venoval nasledujcich dvadsaf rokov.
S netnavnou hiZevnatostou vykonal regiondlny badatelsky projekt Vyskum hlbo-
kych Struktir Zdpadnych Karpét z hladiska vyskytu Zivic. Svoje predstavy opieral
o progresivne poznatky o stavbe Alp, ktoré ziskal na $tudijnych cestich vo Franciiz-
sku a Svajciarsku.

Aj napriek mnohym taZkostiam vtedajiej doby a nekomformne s oficidlnymi
predstavami presadil realizaciu viacerych velmi hlbokych vrtov na zépadnom, ale
najmé na vychodnom Slovensku, ktoré v nadej geologickej histérii nemaji obdobu.
Tieto vrty priniesli origindlne vysledky a posunuli predstavy o stavbe a vyvoji Zapad-
nych Karpat vyrazne dopredu. Isto posliZia aj mlad3ej generdcii a zostani dlho
neprekonang.

RNDr. Bartolomej Lesko, DrSc., vykonal v ropnom vyskume v alpsko-
-karpatskom horskom obluku tctyhodny kus erudovanej vedeckej préce a treba si len
Zelat, aby sa nasli taki zanietenci aj v mlad8e] generécii.

Pri vzdcnom vyro¢i Zelaji jubilantovi jeho byvali spolupracovnici a priatelia
hodne zdravia s prianim, aby mu obdivuhodnd a plodn4 vitalita vydrZala eSte mnoho
a mnoho rokov.

R. Rudinec

Vyznamné zivotné jubileum
RNDr. Galiny Andrusovovej-Vicekovej, CSc.

Poclas terénnych geologickych vyskumnych
prdc a mapovania na Orave sa v rodine geoldga
a paleontoléga Dr. Dimitrija Andrusova a jeho
manZelky Valentiny narodila 3. augusta 1928
v Oravskom Podzamku dcéra Galina.

Jej otec, v tom Case edte rusky emigrant, pra-
coval ako externy geolég Statneho geologického
tstavu v Prahe. Ked roku 1929 ziskal ¥titne
ob&ianstvo CSR, zadal pracovat v geologicko-
-paleontologickom tstave Prirodovedeckej
fakulty KU v Prahe. Roku 1938 ho vymenovali
za mimoriadneho profesora na vznikajtcej
Vysokej Skote technickej M. R. Stefénika
v KoSiciach a roku 1941 sa stal prednostom geo-
logicko-paleontologického tstavu Prirodovedec-
kej fakulty Slovenskej univerzity v Bratislave.

Galina Andrusovovd zmaturovala roku 1947 na
Slovenskom dieveenskom gymnaziu v Bratislave.
Od jesene 1947 $tudovala na Prirodovedecke;j
fakulte UK uditefskd kombinaciu prirodopis -
zemepis a Stidium uspedne skondila roku 1953
2. 8tatnou zdvere¢nou skuskou. Geologické rodové
gény sa pri vybere jej povolania nezapreli. Od
1. oktoébra 1951 pracovala ako asistentka na Kated-
re mineral6gie a kryStalografie Prirodovedecke;j
fakulty UK v Bratislave. Tam posobila aZz do
odchodu na déchodok roku 1990. Roku 1961 obhé-
Jila kandidétsku dizertadn pracu Mineralogické a paragenetické ¥tidium
rudnych loZisk v okoli Dobginej a stala sa kandiddtkou geologicko-
-mineralogickych vied. Roku 1966 ziskala titul RNDr. Jej habilita¥né pokra-
Covanie sa v 70. rokoch z dradnej moci zastavilo.

Dr. Galina Andrusovovd mé z prvého manZelstva s Ing. Martinom
Halahyjom syna Alexandra a Juraja a jej druhé manZelstvo s Ladisla-
vom VIekom, ktory zomrel roku 1984, bolo bezdetné. V stasnosti
byva v Pezinku.

Bohatt a plodni pedagogickd &innost jubilantky moZno rozdelit do
dvoch etép, pri¢om hranicou bol rok 1971, ked jej z politickych dévodov

zakazali na Prirodovedeckej fakulte UK predna-
Sat, Jej profilujicim zameranim poc¢as dlhoro&né-
ho posobenia na katedre bolo zavédzanie a rozvi-
janie modernych optickych metdd pri identifika-
cii rudnych minerdlov. V oblasti rudnej mikro-
skopie patri medzi najvyznamnejSie osobnosti na
Slovensku a bola propagatorkou tejto metodiky
v celej vtedajiej CSR. Jej zdsluhou sa tato discip-
lina stala od roku 1953 povinnym predmetom pre
univerzitnych $tudentov zdkladnej a loZiskovej
geoldgie, ako aj mineral6gie. Velkym prinosom
v tom Case bolo celo$tatne vydanie jej prekladu
vysokoSkolskej uebnice S. Jukovej (1955)
Met6dy skimania rid pod mikroskopom v odra-
zenom svetle, ako aj jej skript Priru¢ka rudnej
mikroskopie (1963), ktoré sa vo vyucbe s maly-
mi doplnkami vyuZivaji dodnes. Jej pric¢inenim
sa na katedrach vysokych 3ko6] s geologickym
zameranim, ale aj na pracoviskich vtedajSieho
Geologického prieskumu a dal§ich vyskumnych
tstavov obstardvali moderné mikroskopy dopliia-
 né o zariadenia na meranie fyzikdlno-optickych
parametrov rudnych mineralov, ako je odraznost,
mikrotvrdost, fizovy kontrast a pod. Dr. Andru-
sovovd metodiku merani ustavi¢ne obohacovala
0 najnovsie poznatky zo zahrani¢nych ucebnic,
ale aj osobnym kontaktom s poprednymi odbor-
nikmi v rudnej mikroskopii. Kvalifikdciu vo svojom oblibenom odbore
si zvySovala na $tudijnych pobytoch v Bulharsku (1952/1953), v byva-
lom ZSSR (roku 1957 vo Lvove, Moskve, Leningrade a Kyjeve),
vo Francizsku a Svaj¢iarsku (1966) a roku 1967 v Bensheime (NSR)
na medzindrodnom semindri. Vedomosti ochotne odovzddvala $tuden-
tom vo vyberovych cvi¢eniach zo Struktiry a textiry rid, G¢astnikom
mnohych §kol rudnej mikroskopie organizovanych Komisiou pre rudni
mikroskopiu Ceskoslovenského narodného komitétu IMA v rokoch
1968-1980, ako aj na $pecidlnych kurzoch rudnej mikroskopie na viace-
rych geologickych pracoviskdch na Slovensku.



Dr. G. Andrusovova-VIgekova svojou pedagogickou pracou vyznam-
ne prispela k vychove niekolko sto absolventov geolégie. Mnohi si
vyznamnymi geologickymi pracovnikmi, mnohych priamo viedla pri
diplomovych a neskor pri rigordznych a a$pirantskych préacach, viace-
rych usmerfiovala ako konzultantka, recenzentka &i oponentka ich
vyskumnych sprav a publikacii.

Vyznamny je aj prinos jubilantky do rozvoja slovenskej vedy. UZ
v Studentskych rokoch sa jej srdcu najbliZSou stala oblast Spi3sko-
-gemerského rudohoria, najmi oblast Dobginej. Mineralizacii Zil v jej
bezprostrednom okoli venovala v rokoch 1952 aZ 1961 maximélnu
pozornost. V rdmci vedeckovyskumnej tilohy Mineralégia a genéza
rudnych lozisk v okoli DobS$inej zostavila podrobni metalogeneticku
mapu vyskytov a loZisk v tejto oblasti, Najviac sa venovala mineralo-
gickym a paragenetickym pomerom rudnych Zil. Okrem mnohych
minerdlov detailne identifikovala pocetné Ni-Co sulfoarzenidy a arzeni-
dy (o. i. enargit), ako aj Cu-Sb-Bi sulfosoli. Vyznamnou mierou sa
ziastiiovala na rieeni genézy zrudnenia v Sankovciach v spodnom
triase meliatika v Slovenskom krase. Spracovala komplexnu stratiform-
nd mineralizdciu a opisala viaceré nové minerdly tejto lokality (chalko-
stibit, antimonit, koutekit, bornit, malachit, azurit, covellin, kuprit a Cu).

Zial, z politickych pri¢in musela v 70. rokoch prerusit vedecky
vyskum na tlohe Vyskum optickych vlastnosti rudnych minerdlov Slo-
venska a rovnaké dévody zasiahli aj do jej sIubne sa rozvijajiicej publi-
kacnej Cinnosti, ked sa na celych 10 rokov (1972-1981) musela odml&at.
Pocas svojej vedeckej a pedagogickej ¢innosti publikovala 17 odbor-
nych ¢lankov (pozri bibliografiu v prilohe), u¢ebnicu a skriptd. Bola pre-
kladatelTkou odbornych ¢lankov, abstraktov a resumé do rustiny a zosta-
vovatelkou rusko-slovenskych hesiel do slovnikov z odboru geolégie.

Rozsiahle odborné vedomosti, rozhladnost v domdcej aj zahrani¢nej
vedeckej literattre, ako aj jazykové predpoklady predur€ili jubilantku
na uzku spolupracu s kolektivom katedry mineralégie vedenou
prof. Kod&rom pri tvorbe Topografickej mineraldgie Slovenska, ktora
vySla v troch zvizkech v rokoch 1986-1990. Bola jednou zo zékladnych
spoluautorov tejto reprezentativnej publikdcie slovenskych mineralégov.

Pocas aktivnej ¢innosti bola RNDr. G. Andrusovova-Vli¢ekova ¢len-
kou Slovenskej geologickej spolo¢nosti, medzindrodnej organizécie
IAGOD a IMA. Roku 1972 ohodnotili jej aktivny prinos do rudnej
mineral6gie bronzovou medailou Hornicka Piibram a roku 1990 jej pri
prileZitosti 50. vyroc¢ia Katedry mineralégie a petrografie Prirodovedec-
kej fakulty UK udelili titul ZasliZily pracovnik v sluZbach geoldgie.

Po odchode do dochodku sa Dr. Andrusovové-VI¢ekova neodmi&ala.
Vedoma si povinnosti objasnit a pre budiice generdcie uchovat histériu
svojho rodu a pamiatku svojho pradeda H. Schliemanna, archeoldga
svetového mena N. I. Andrusova, svojho starého otca, vyznamného rus-
kého geoldga a paleontoldga, ako aj svojho otca akademika D. Andru-
sova, nestora modernej geologickej Skoly na Slovensku a zakladatela
Geologického dstavu v Bratislave (Casti dne¥nej Geologickej sluzby
Slovenskej republiky), sa v poslednom obdobi systematicky zaoberd
genealogickym vyskumom ruskej rodiny Schliemannovcov - Andruso-
voveov. Vysledkom jej mraveej prace si viaceré publikdcie a prednds-
ky na medzindrodnych kolokvidch a sympdzidch (zoznam je v prilohe).

Dr. Andrusovova-Vi¢ekova sa od roku 1990 intenzivne zicastiiuje
na ¢innosti Slovenského skautingu a za tito nezitni, no s liskou vyko-
ndvanu zdsluzni pricu jej udelili rad skautskych vyznamenani.

Zivotné jubileum RNDr. Galiny Andrusovovej-Vicekovej zastihuje
jubilantku na zasliZenom, ale stile plodnom odpo&inku. Slovenska
geologickd, mineralogickd a montanistickd verejnost ju ocefiuje ako
vyznamnu pedagogicku, vedkyiu, odborni¢ku, ale aj ako priatelského,
kolegidlneho a pracovnou aktivitou prekypujiceho ¢loveka. Pri Zivot-
nom jubileu jej dprimne blahoZeldme a prajeme vela dal§ich Zivotnych
tispechov, ako aj zasliZeny oddych v obltubenej zdhradke.

M. Hdber
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slovenské komisie pro rudni mikroskopii. Cas. Mineral. Geol.
(Praha).

Halahyjova-Andrusovovd, G., 1972: Odrazivos{ minerdlov a jej mera-
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bradlového pdsma a geologické prostredie. Zbor. Vplyv geologického
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Vater. Symposium, Atheny, Heinrich-Schliemann-Museum, Mitteilun-
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Andrusovova-VIgekova, G., 1993: Heinrich Schliemann a jeho ruski
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skd, 3—17.
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nom svetle. Slov. Akad. Vied, Bratislava, 276.




RNDr. Miroslav Filo Sestdesiatrocny

Téato myslienka velmi dobre charakteri-
zuje pracu nagho jubilanta. Ako pre kaz-
dého vedca aj preiho typické, Ze k riee-
nej dlohe ¢asom nadobuda osobny vztah.
Casto ho trdpia myslienky, ¢i dobre roz-
plietol sustavu gordickych uzlov, ktoré
Gloha priniesla, pretoZe otdzky, na ktoré
zodpovedal, priniesli dal§ie nové otazky.

Geofyzikalne sprdvy, ktorych je RNDr.
Miroslav Filo rieSitelom, spoluautorom
alebo vedicim riesitelského kolektivu,
vZdy obsahuji nové myslienky. Byvaly
riaditel zdvodu Geofyzika Bratislava RNDr. Marusiak, CSc., pri oslave jubilanto-
vej pitdesiatky povedal: , Te§im sa, ked &itam Tvoje spravy, Miro. Vidy
sa dozviem nieCo nové.”

RNDr. Miroslav Filo sa narodil 9. jina 1938 v Babinci, okres Rimavskd Sobota
(od roku 1968 je dedinka Babinec na vietkych geofyzikalno-geologickych mapéch
a pokladd sa za hlavné stredisko geofyzikalneho vyskumu veporika a gemerika).

V rokoch 1945-1949 jubilant navitevoval S-triednu ndrodnd $kolu v Babinci,
v rokoch 1949-1953 8-ro¢ni strednid Skolu v Hnusdti a v rokoch 1953-1957 Prie-
myselni 8kolu geologicku a banicku v SpiSskej Novej Vsi. Po jej absolvovani 3tu-
doval uzitkovi geofyziku na Prirodovedeckej fakulte Karlovej univerzity v Prahe.

Po univerzitnych Stddidch roku 1962 nasttpil do geofyzikalneho strediska
Geologického prieskumu v Bratislave, teraz Geocomplex, a. s., Bratislava, kde
s vynimkou zdkladnej vojenskej sluzby posobi az doteraz. Na pracovisku presiel
funkciou vediceho geomagnetickej skupiny, vediceho oddelenia a samostatného
vyskumného pracovnika. V rokoch 1974-1975 viedol geofyzikdlnu expediciu

Veda nikdy nevyriesi problém bez toho, Ze by
nevyprodukovala desat novych
G. B. Shaw

v Grécku (vyhladdvanie chromitovych loZisk), v rokoch 1978-1979 a 1982-1983
geofyzikdlne expedicie v Nigérii (vyhladdvanie zdrojov podzemnej vody).

V ramci odbornej Cinnosti sa zucastiioval na zakladnom geofyzikalno-geolo-
gickom vyskume celych Zapadnych Karpat, na rieSeni metalogenetickych otézok
Slovenského rudohoria a centralnych vulkanotektonickych zon neovulkanitov
Zapadnych Karpat. Je jednym z hlavnych riesitelov dlohy Struktirno-tektonicka
mapa vnitornych Zdpadnych Karpét pre prognézovanie loZisk - geofyzikdlne
interpretacie. V poslednych rokoch je zodpovednym rieSitelom dlhodobych dloh
v ramci geofyzikdlnych interpretacii geologickej stavby regionov Zéapadnych
Karpat (Malé Karpaty, Povazsky Inovec, Tribe¢, Velka Fatra, Slovenské rudoho-
rie). V geologicko-loZiskovom prieskume to boli ilohy spité so stredoslovensky-
mi a vychodoslovenskymi neovulkanitmi.

Okrem odbornej prace sa jubilant venuje aj vychove mladych odbornikov ako
konzultant alebo vedtci diplomovych pric.

RNDr. Miroslav Filo Zije v Bratislave, md dve dcéry, absolventky Prirodove-
deckej fakulty Univerzity Komenského v Bratislave (inZinierska geoldgia a lozZis-
kova geologia). Roku 1970 dostal za spolo¢ensko-politickd a dobri odborni pra-
covnu ¢innost Odznak ministra a roku 1980 Pamitni medailu k 25. vyro¢iu zalo-
Zenia Ceskoslovenskej vedecko-technickej spolo¢nosti.

Za svoj odborny rast a ispechy dakuje hlavne pedagogickym a odbornym pracov-
nikom v Karlovej univerzity v Prahe, Univerzity Komenského v Bratislave, Geolo-
gického tstavu D. Stiira a byvalého Geologického prieskumu v Spisskej Novej Vsi.

Pri vzdcnom okrihlom jubileu vyslovujeme RNDr. Miroslavovi Filovi vdaku
za jeho dlhoro¢nu odbornt pracu na poli geofyziky a Zeldime mu pevné zdravie,
Gspechy v osobnom Zivote a pri napliiani odbornych zamerov a planov.

V. Szalaiovd

RNDr. Jozef Hricko, CSc.

V tomto roku sa okrthlych Sestdesiatich
rokov doZiva vyznamnd osobnost slovenskej
geofyzikalnej obce RNDr. Jozef Hricko, CSc.

Jubilant sa narodil v rodine dob3inského
valacha 31. oktébra 1938 a po skonceni
zékladnej Skoly v Dob3inej v rokoch
1953-1957 absolvoval Strednt priemyselnd
$kolu geologickt a banicku v Spisskej Novej
Vsi a v rokoch 1957-1962 azitkovu geofyziku
na Prirodovedeckej fakulte Karlovej univerzity
v Prahe. Titul kandidéta geologickych vied zis-
kal roku 1984 na Prirodovedeckej fakulte
Univerzity Komenského.

Jubilant od roku 1962 neuveritelne az dote-
raz pOsobi na tom istom pracovisku, ktoré
reorganizéciou vela riz menilo akurdt svoj nazov. Po skon¢eni univerzity nastd-
pil do Roykovej pasaZze medzi Jedlikovou a Obchodnou ulicou v Bratislave
na vtedajSie geofyzikalne stredisko Geologického prieskumu v Ziline, ktoré sa
roku 1965 stalo bratislavskym zdvodom Geofyziky Brno a v stcasnosti je to
Geocomplex, a. s., Bratislava. V bratislavskom posobisku vystriedal rad zarade-
ni: bol vedicim terénnej skupiny, interpretdtorom, riesitelom geofyzikdlnych
aloh, vedtcim oddelenia, vyskumnym pracovnikom i vedicim geofyzikom.
V stcasnosti je riaditelom pre geofyzikdlnu ¢innost a zodpovednym rieSitelom
environmentélnych projektov.

RNDr. Jozef Hricko, CSc., riedil rad geologickogeofyzikélnych tloh najroz-
manitejsieho zamerania a takmer vo vetkych kiatoch Slovenska. Roku 1964 to
bol napr. vyhladdvaci prieskum pokracovania sideritovych Zil v rodnej Dobginej
a v sucasnosti je to komplexny orienta¢ny prieskum geofaktorov Zivotného prost-
redia v koSickej oblasti v rdmci medzinarodného environmentélneho projektu.

Sestdesiatnikom

Z obrovského mnoZstva tloh spomeniem aspoil zdkladny geofyzikalny prieskum
Liptovskej kotliny a stredoslovenskych neovulkanitov, vyhladdvanie zdrojov
obycajnej a mineralnej vody v Liptovskej, Rajeckej a Tur¢ianskej kotline, v Ora-
yiciach a v povodi Ondavy, vyhladdvanie loZisk azbestu, sideritu a mastenca
v Slovenskom rudohori, zlata a polymetalickych rid v Kremnicko-tiavnickom
rudohori, rumelky v priestore Ladomirova-Michajlov. Jubilant je expertom
na radénovi problematiku ako odborny mera¢ radénu v pé6dnom vzduchu.
V rokoch 1990-1993 bol zodpovednym rieSitefom tlohy Bratislava - Zivotné
prostredie, abioticka zlozka.

RNDr. Jozef Hricko, CSc., patri medzi slovenskych geoldgov dlhodobo Siria-
cich dobré meno Slovenska v zahrani¢i. Dokazom je tento stru¢ny prehlad:
1969-1972 Sudan, 1976-1981 Nigéria (hydrogeofyzikdlny prieskum), 1986-1989
Syria (vyhladavanie diamantonosnych Struktur a loZisk farebnych kovov).

Jubilant je pravidelnym aktivnym ucastnikom medzindrodnych a domécich
odbornych semindrov, konferencii, kongresov a sympézii. Je ¢lenom Eurdpskej
asocidcie environmentalnych a inZinierskych geofyzikov, kde je ¢lenom Vyboru
pre etiku a Standardy v geofyzike, a Eurépskej asocidcie geovedcov a geoinZinie-
rov. Od roku 1992 je Dr. Hricko riaditelom indicko-slovenskej firmy Technip
Geocomplex India Pvt. Ltd. so sidlom v Dilli.

Dobsinsky rodak je zndmy svojim rydzim charakterom, nekompromisnou
obhajobou préava a spravodlivosti, enormnou pracovitostou a doslednostou, ktori
vyZzaduje aj od kolegov a spolupracovnikov. Charakteristickym je prislove¢nym
humorom s prvkami ,kanadského” a ,Cierneho™ humoru, ale napriek tomu
je sympatickym ¢lenom rieSitelskych kolektivov.

RNDr. Jozef Hricko, CSc., sa doZiva okrihleho jubilea v ¢inorodej praci a na
vrchole psychickych a fyzickych sil. Zeldme mu e3te hfbu rokov plodného Zivota
v kruhu kolegov a celej slovenskej geologickej obce.

Jozef Lanc



1998

I.—4. Jin

. Pan American Current Research on
Fluid Inclusions (PACROFI) VII,
Las Vegas (Jean S. Cline, Dept.
of Geo-sciences, University of Nevada-Las
Vegas, Las Vegas,
Nev. 89154-4010. Fax: 702/895-4064.
E-mail: jcline@nevada.edu)

8.—I11.Jun

Global Warming International
Conference and Expo, Hong Kong
(World Resource Review, 22W381

75th Street, Naperville, 111. 60565-9245.
Fax: 630/910-1561)

16.—17. Jin

Londres, Velka Britdnia.

Exploration and production of carbona-
te plays on the southern margin of the
mediterranean Tethys.

— David Beckett, British Gas Internatio-
nal Exploration and Production, 100 Tha-
mes

Valley Park Drive, Reading, Berkshire,
RG6 IPT, G.-B.

E-mail: beckett.d@bgep.co.uk.

17.—20. Jan

National Minerals EducationConference,
Pittsburgh. (Marianne Miller, P.O.Box
18070, Cochrans Mill Road, Pittsburgh,
Pa. 15236-0070.

Phone: 412/892-6786. Fax: 412/892-4288.
E-mail: zka7@cdc.gov)

24.—26. Jin

European Conodont, int'l symposium,
Bologna and Modena. Italy. (M. C. Perri,
Departimento di Scienze della Terra

e Geologico Ambientali, Via Zamboni 67,
40126 Bologna, Italy.

Fax: 39 51 354522,

E-mail: perri@geomin.unibo.it)

26.—30. Jan

Krakéw, Polsko

5th European Paleobotanical-Palynolo-
gical Conference.

— Mgr Grzegorz Worobiec, Secretary

of the 5th European Paleobotanical-Paly-
nological Conference, W. Szafer

Institute of Botany, Polish Academy of
Sciences, Lubicz 46, 31-512 Krakow
Pologne. Fax (48 12) 21 97 90.

E-mail: worobiec @ib-pan.krakow.pl.

28. Jun—1. Jal

Second World Conference on Structural
Control, Kyoto, Japan (2WCSC Steering
Committee. c/o Professor Akira Nishitani,
Department of Architecture, Waseda
University, 3-4-1 Okubo, Shinjuku-ku,
Tokyo 169, Japan,

Fax: 81 3 5286 3286.

E-mail: 2wese @nstn.arch.waseda.ac.jp)

28. Jun—3. Jul

Interior of the Earth,

Henniker, N.H. (M. Gurnis, Seismology
Lab, Caltech, Pasadena, Calif. 91125,
Phone: 818/395-6979. Fax: 818/564-0715)

29. Jian—15. Jul

International Platinum Symposium.
[IAGOD/CODMUR, Johannesburg, South
Africa. (C.A. Lee, Box 68108, Bryanston
2021. South Africa. Phone: 27 1127 3732580.
Fax: 27 1127 8360371)

4.—11. Jal

Verbania, Taliansko

Processe of crustal differentiation:
Crust-Mantle interactions, melting
and granite migration through

the Crust. (Penrose Conference).

— Lois J. Eims, Western Experience
Penrose Conference Coordinators

for the Geological Society of America,
4881 Evening Sun Lane, Colorado
Springs, CO 80917. Fax 719-591-4852.
E-mail: LIELMS&AOL. com.

4—11. Jal

Processes of Crustal Differentiation,
Verbania, Italy, by Geological Society

of America.

(Tracy Rushmer, Department of Geology,
University of Vermont, Burlington,

Ver. 05405. Phone: 802/656-8136

Fax: 802/656-0045.

E-mail: trushmer@zoo.uvm.edu)

5—9.Jul

Balancing Resource Issues, ann. conf.,
San Diego. (Charlie Persinger.

Phone: 515/289-233lext. 12.

E-mail: charliep@swcs.org)

5.—10.Jal
Euro-Carbon ‘98, Strasbourg, France.
(G. Collin. Fax: 33 69 756 4201)

6.—8. Jul

Geographical Information Systems. int'l
conf., by Wessex Institute of Technology,
Udine, Italy.

(Liz Kerr, GIS 98 Conference Secretariat,
Wessex Institute of Technology, Ashurst
Lodge. Ashurst, Southampton S040 7AA
UK.

Phone: 44 1703 293 223. Fax: 44 1703 292 853.
E-mail: liz@wessex. ac.uk.

WWW: http://www.wessex.ac.uk)

6.—11.Jal

Padova, Taliansko

Evolution of the deep crust in the cent-
ral eastern Alps.

— Silvana Martin, Dipartimento di Geologia
Paleontologia e Geofisica,

Via Giotto 1, 35100 Padoue, Italie.

Fax ++3949 827 20 70.

8.—10. Jul

Geocongress’98, by the Geological
Society of South Africa, Pretoria,
South Africa.

(Phone: 27 12 8411167

Fax: 27 12 8411221.

E-mail: eaucamp@geoscience.org.za)

11.—17. Jal

Le Cap, Afrika du Sud.

TAVCEI international volcanological
congress’98.

— Secretariat JAVCEI 1998, Dpt. of
Geological Sciences. University of Cape
Town, Rondebosch, République
d’Afrique du Sud. Fax +27 21 650 3783.
E-mail: ive98@geology.uct.ac.za.

28. Jul—2. August

Kazan, Rusko

The upper Permian stratotypes of
the Volga region.

— Natalia K. Esaulova, Kazanian State
University, 18 Kremlyovskaya str.,
Kazan 420008, Tatarstan, Russie,

Fax (7) 843 2364 704

29.—31.Jil

International Conference on Qil

and Hydrocarbon Spills, Modelling,
Analysis and Control (OIL SPILL ‘98),
Southampton, UK. (Helen Fisher. OIL
SPILL 98 Conference Secretariat, Wessex
Institute of Technology,

Ashurst Lodge, Ashurst, Southampton
5S040 7AA UK.

Fax: (44) (1703) 292 853.

E-mail: hfisher@wessex.ac.uk)

August 1998
Broken Hill, Austrilia
10th IAGOD symposium.

— 1. R. Plimer, University of Meibourne,
Parkville, VIC 3052, Australie.
Fax 61334477 61

August 1998

Trondheim, Norsko

EUROCK’98 (ISRM Regional Sympo-
sium). “Rock mechanics in petroleum
engineering”.

— Rune M. Holt, Dept. of Petroleum
Technology and Applied Geophysics,
NTH, N-7034 Trondheim, Norvege.

Fax 47 73 591 102.

E-mail: rune.holt@iku.sintef.no.

3.—7. August

National Speleological Society, conv.,
Sewanee. Tenn. (William Shrewsbury.
P.O.Box 4444, Chattanooga, Tenn. 37406.
Phone: 615/886-3296.

E-mail: 75254.1025@compuserve.com)

3.—7. August

Denver X-ray Conference, ann. conf.,
Denver. (Manager, Schools and Conferen-
ces, International Centre for Diffraction
Data, 12 Campus Blvd., Newtown Square,
Pa. 19073-3273.

Phone: 610/325-9814. Fax: 610/325-9823.
E-mail: CLINICS@ICDD.COM)

9.—12. August

Environmental Geotechnology, sym.,
Boston, Mass., by Center for Environmen-
tal Engineering and Science Technologies
and others. (H. I. Inyang, 4th International
Geoenvironmental Symposium, CEEST,
James B. Francis College of

Engineering, University of Massachusetts-
Lowell, One University Ave., Lowell,
Mass. 01854.

Phone: 508/934-2285. Fax: 508/934-3092.
E-mail: inyangh@woods.uml.edu)

10.—14. August

International Mineralogical
Assaociation, mtg., Toronto, Canada.

(A. J. Naldrett, Dept. of Geology.
University of Toronto, Toronto,

MS5S 3BI, Phone: 416/946-3306.

Fax: 416/978-3938.

E-mail: ima98 @quartz.geology.utoronto.ca)

10.—16. August

Generation and Emplacement of Ophio-
lites through Time, int'l symposium and
field excursion, Oulo, Finland. (J. Vuollo,
Department of Geology, University of
QOulu, FIN-90570 Oulu. Finland
Fax: 358 81 5531 484.

E-mail: vuollo@sveka.oulu.fi)

17.—20. August

Jurassic System, int’l symposium,
Vancouver. Canada, by IUGS Jurassic
Subcommission. (Paul L. Smith, Earth and
Ocean Sciences, University of British
Columbia, 6339 Stores Rd., Vancouver,
B.C. V6T 174, Canada.

Phone: 604/822-6456, Fax: 604/822-6088.
E-mail: psmith@eos.ubc.ca.

WWW-

http:/Awww .eos.ubc ca/jurassic/announce. htm)

20.—26. August

World Congress of Soil Science,
Montpellier, France. (Agropolis-Avenue,
Agropolis- 34394, Montpellier, Cedex 5,
France. Phone: 33 6704 7538.

Fax: 33 6704 7549)

20.—26. August

Peking, Cina

ICOG-9: geochronology, cosmochrono-
logy and isotope geology (9th internatio-
nal conference).

— ICOG-9 Secretariat, Chinese Academy
of Geological Sciences. 26 Baiwanzhuang
Rd. Beijing 100037, Chine.

Fax: +86 10 683 11 545

24.—25. August

The Society for Organic Petrology,
ann. mtg., Halifax, Nova Scotia, Canada.
(Prasanta K. Mukhopadhyay.

Phone/fax: 902/453-0061)

30. August—2. September

Viedeii, Rakiisko

17th congress of the Carpathian-
-Balkan geological association.

— Werner Janoschek, Geological Survey
of Austria, Rasumofskygasse 23, A-1031,
Vienne, Autriche. Fax: +43 1712 56 74 56.
E-mail: wjanoschek @cc.geolba.ac at.

30. August—4, September

Clay Mineralogy and Petrology,

conf. and workshop, Brno Czech Republic,
by International Geological Correlation
Programme Project No. 405 (Petr Sulov-
sky. Dept. of Mineralogy, Petrology,

and Geochemistry, Faculty of Science,
Masaryk University, Kotlarska 2,

CZ 611 37 Brno, Czech Republic.

Fax: 420 541211214,

E-mail: clays@sci.muni.cz)

September 1998

Pise, Taliansko

Symposium de la Commission Inter-
nationale de Microflore Paléozoique
(CIMP).

— Organizing Committee CIMP 98.
Universita di Pisa, Dipartimento de
Scienze della Terra, Via S. Maris 53,

156 126, Pise, Italie. Fax +39 50 50 09 32.
E-mail: albani@dst.unipi.it.

7.—9. September

Leeds, Velka Britinia

Sediment transport and deposition

by particulate gravity currents.

-— Ben Kneller, Bill McCaffrey, Jeff
Peakal and Tim Druitt, Dept. Earth
Sciences, University of Leeds, Leeds
LS29TJ. Fax: 0113 233 52 59.

E-mail: B.Kneller@earth-sciences.leeds.ac.uk;
Web:
http://earth.leeds.ac.uk/turbconf.conference.htm

9.—11. September

Remote Sensing, ann. conf., by Natural
Resource Institute and University

of Greenwich, Kent, U.K. (RSS98, School
of Earth and Environmental Sciences,
University of Greenwich, Medway Towns
Campus, Chatham Maritime, Kent ME4
4AW, UK.

Phone: 44 0181 3319803

Fax: 44 0181 3319805

E-mail: rss98 @gre.ac.uk)

10.—12. September

Science Without Frontiers, conf.,
by Public Communication of Science

and Technology comm., Berlin, Germany.
(Prof. Winfried Goepfert, Freie Universitit
Berlin, Institut fiir Publizistik, Arbeitsbereich
Wissenschaftsjournalismus,
Malteserstrasse 74- 100, D-12249 Beilin,
Germany.

Phone: 49 30 7792300.

Fax: 49 30 7762149.

E-mail: goepfert@zedat.fu-berlin.de)

10.—14. September

Highway Geology, symposium.

Prescott, Ariz. (Nick M. Priznar, Arizona
Department of Transportation, 1221 N. 21
Ave., Phoenix, 85009.

Phone: 602/255-8089)

13.—15. September

Petroleum Geology and Hydrocarbon
Potential, Neptune/Constanta, Romania.
(Dr. Akif A. Narimanov, Azerbaijan Society
of Petroleum Geologists.

Phone: 0099412 92 3511.

Fax: 0099412 92 3297.

E-mail: Akifnar@Socar.baku.az)




13.—15. September

Constanta. Rumunsko

3rd Black and Caspian Seas conference
on petroleum geology and hydrocarbon
potential.

— AKif A. Narimanov, President, Azer-
baidjan Society of Petroleum Geologists.
Fax: 00 99412 92 32 97.

E-mail: akifnar@socar.baku.az.

— Miss Joanne Norris-Smith,
Petroconsultants SA, P.O.Box 152/1258
Perly, Geneve, Suisse.

TéL. 00 41 22 721 1745.

Fax: 00 4122 721 1747.

E-mail: ird@petroconsultants.com.

13.—17. September

Environmental and Engineering
Geophysics Meeting, Barcelona, Spain.
(Lluis Rivero, Assistant of Applied
Geophysics, Facultat de Geologia,
Universitat de Barcelona, Barcelona-
08071.

Fax: 34-3-402.13.40

E-mail: rivero@natura.geo.ub.es)

13.—19. September

International Association of Hydrogeo-
logists Congress: Physical, Chemical
and Biological Aspects of Stream-Aqui-
fer Interrelations,

Las Vegas, Nev. (John Van Brahama, U.S.
Geological Survey, 114 Ozark Hall,
University of Arkansas, Fayetteville,
72701. Phone: 501/575-2570)

15.—17. September

Envir al C ination in Cent-
ral and Eastern Europe, int'l symposium,
Warsaw, Poland. (Roy C. Herndon, Insti-
tute for Central and Eastern European
Cooperative Environmental Research, Flo-
rida State University, 2035 East Paul Dirac
Dr., Morgan Building, Tallahassee, Fla.
32310-3700.

Phone: 904/644-5524.

Fax: 904/574-6704.

E-mail: warsaw98 @mailer.fsu.edu)

20.—24. September

Fluid Flow in Carbonates:
Interdisciplinary Approaches, conf.,
Door County, Wisc. (Judy Tarpley, SEPM,
1731 E. 71st St., Tulsa, Okla. 74136-5108.
Phone: 918/493-3361 ext. 22.

Fax: 918/493-2093.

E-mail: cemeet@galstar.com)

21.—23. September

Harare, Zimbabwe

African Mining’98.

— Conference Office, The Institution

of Mining Metallurgy, 44 Portland Place.
Londres WIN 4BR.

Tél. 44 (0) 171 580 38 02.

Fax: 44 (0) 171 436 53 88.

E-mail: 106115.233@compuserve.com.

21.—23. September
Epicontinental Triassic, symposium,
Halle, Germany, by Institute of Geoscien-

ce/Geisteltal Museum and others. (Gerhard
Beutler, Institut fiir Geologische Wissen-
schaften und Geiseltalmaseum, Domstr. 5,
D-06108 Halle/oaale, Germany.

Fax: 49 0345 55 27 178)

21.—25. September

International Association of Enginee-
ring Geology, Vancouver, Canada. (Kim
Meidal, Secretariat, 8th Congress [AEG,
c/o BC Hydro, 6911 Southpoint Dr., Bur-
naby, B. C. V3N 4X8, Canada,

Phone: 604/528-2421.

Fax: 604/528-2558.

E-mail: kim.meidal@bchydro.be.ca.
WWW:

http://www bchydro.be.ca/bchydro/IAEG/
/IAEG98.html}

21.—25. September

Groundwater Quality, int’l conf.,
Tiibingen, Germany. (Conference Secreta-
riat GQ ‘98, c/o Lehrstuhl fur Angewandte
Geologie, Sigwartstrasse 10, D-72076
Tubingen, Germany.

Phone: 49 7071 2974692.

Fax: 49 7071 5059.

E-mail: mike.herbert @uni-tuebingen.de)

27.—30. September

Seciety of Petroleum Engineers,
ann.conf., New Orleans, La. (Dan Lipsher,
Society of Petroleum Engineers, P.O.Box
833836, Richardson, Texas 75083-3836.
Phone: 972/952-9306.

E-mail: dlipsher@spelink.spe.org)

27. September—2. Oktéber

Las Vegas, Nevada, USA

International Association of Hydrolo-
gists (28th congress).

— John Van Brahana, IAH Las Vegas
USGS, 118 Ozark Hall, University

of Arkansas, Fayetteville AR 72701, USA.
Fax: +1 501 575 3846.

E-mail: jbrahana@jungle.uark.edu.

30. September—3. Oktéber

Praha, Ceska republika

Paleozoic orogenesis and crustal
evolution of the european lithosphere.

In n° 64.

— POCEEL, Institute of Petrology and
Structural Geology, Faculty of Science.
Charles University, Albertov 6, 128 43
Praha 2, République Tchéque.

Fax: 420 2 291 425.

E-mail: petrol@prfdec.natur.cuni.cz;
http://mail.natur.cuni.cz/~/petrol/.

30. September—3. Oktober

Society of Vertebrate Paleontology,
ann. mtg., Salt Lake City. (SVP, 401 N.
Michigan Ave.. Chicago, III. 60611-4267.
Phone: 312/321-3708)

4.—7. Oktéber

Canadian Geotechnical Conference
Edmonton, Canada, by Canadian Geotech-
nical Society. (Angela Kupper, AGRA
Earth and Environmental Ltd., 4810 93rd

St., Edmonton, Alberta, Canada T6E 5M4.
Fax: 403/435-8425.
E-mail: akupper@connect.ab.ca)

4.—8. Oktober

Symposium APIFIS, Tashkent, Uzbe-
kistan. by Asian and Pacific International
Fluid Inclusion Society. (Organizing Com-
mittee, Block VII-47-40, Chilansar, Tash-
kent. 96,700096, Uzbekistan CIS
Phone: 7 3712 78-06-30.

Fax: 73712 33-49-01.

E-mail: mir@saturn.silk.org)

4.—38. Oktéber

The Geologic Record of Natural
Disasters, conf. (Judy Tarpley, SEPM,
1731 E. 71st St., Tulsa, Okla. 74136-5108.
Phone: 918/493-3361 ext. 22.

Fax: 918/493-2093.

E-mail: cemeet@galstar.com)

6.—9. Oktéber

Berlin, Allemagne

150 Jahrestag Deutsche Geologische
Gesellschaft.

— Technische Universitit Berlin.

Institut fiir Angewandte Geowissenschaf-
ten 11, Ernst-Reuter-Platz 1, 10587

Berlin, Allemagne, Fax (030) 31 42 11 07.
E-mail: Geo-Berlin-98 @tuberlin.de.

12.—14. Oktéber

Pfibram, Ceska republika

Geoethics (the international section
of the Mining Pribram Symposium).
— V. Nemec, Krybnickum 17, CZ

10 000 Praque 10-Strasnice, République
Tchéque. Fax (420 306) 23 169.

E-mail: nemcoval@vse.cz.

26.—29. Oktober

Toronto, Kanada

Geological Society of America: annual
meeting.

— GSA Meetings Dept., P.O.Box 9140,
Boulder CO 80301 - 9140, USA,

Tél. (800) 472 19 88.

Fax: +1 303 447 1133.

E-mail: meetings @geosociety.org;
WWW: http://www.geosociety.org/mee-
tings/index.html.

8.—11. November

Rio de Janeiro, Brazilia

America Association of Petroleum Geo-
logists: international conference and
exhibition.

— AAPG Conventions Departement,
P:O.Box 979, 144 S. Boulder Ave.,

Tulsa, OK 74101-0979, USA.

Fax: +1 918 560 2684

9.—12. November

Beyrouth, Libanon

4th international conference on the geo-
logy of the Middle East.

— Mustapha Mroueh. Lebanese National
Geological Committee, P.O.Box 11-8281,
Beyrouth. Liban. Fax: (961) (1) 82 26 39.
E-mail: ngc@cnrs.edu.lb.

1999

1.—3. Marec

Vancouver, Kanada

Thirteenth international conference
and workshops on applied geologic
remote sensing: practical solutions
for real-world problems.

— Erim Geologic Conferences, Box
134 oos, Ann Arbor, M1 48113 - 4001
USA. Fax: 313-994 51 23.

E-mail: wallman@erim.org.

11.—14. April

San Antonio, Texas, USA

American Association of Petroleum
Geologists: annual meeting.

— AAPG Conventions Departement,
P.0.Box 979, 144 S. Boulder Ave., Tulsa,
OK 74101-0979, USA.

Fax: +1 918 560 2684

26.—28. Mij

Sudbury, Ontario Kanada

Geological Association of Canada Mine-
ralogical Association of Canada, Joint
Annual Meeting. .

— Dr. P, Copper, Dept. of Earth Sciences,
Laurentian University, Sudbury, Ontario
P3E2C6. Fax: (705) 675-4898.

E-mail: gacmac99@nickel.laurentian.ca.

14.—25. August

Calgary, Alberta, Kanada

Carboniferous - Permian (XIV Interna-
tional Congress).

— Charles Hendersson, Dept. of Geology
and Geophysics, The University

of Calgary. NW Calgary, Alberta, Canada
T 2N IN4, Fax: 403 285 00 74.

E-mail: henderson@geo.ucalgary.ca.

22.—25. August

Brescia, Taliansko

The continental Permian of the Sou-
thern Alps and Sardinia (Regional
reports and general correlations).

— Q. Cassinis, Dipartimento di Scienze
della Terra, Universita di Pavia, Via Ferrata.
1, 1-27100 Pavie, Italie.

Fax: 39 382 505 890.

E-mail: cassinis@ipv36.unipv.it.

September 1999

Bratislava, Slovensko

International Association of Hydrogeo-
logists: 29th congress.

— L. Melioris, Comenius University,
Mlynské dolina, 842 15 Bratislava, Slova-
quie. Tél./Fax: +42 7 725 446.

E-mail: podzvody @fns.uniba.sk.

September 1999

The continental Permian of the Sout-
hern Alps and Sardinia (Italy). Regional
reports and general correlations.

— G. Cassinis, Dipartimento di Scienze
della Terra, Universita di Pavia, Via Ferra-
ta 1, 1-27100 Pavia, Italie.

Fax: 39 382 505 890.

E-mail: cassinis@ipv36.unipv.it.



Rady autorom

Kazdy autor sa usiluje, aby jeho ¢ldnok bol nielen obsahovo, ale aj graficky

na vysokej drovni. Vase ilustracie budu kvalitné, ak presne dodrzite nase inst-
rukcie.

UZ pri priprave obrazka treba zvazit, ¢i sa umiestni na jeden stipec alebo na

dva stipce, resp. na celti tlacend stranu. Vhodne upraveny obrazok (velkost pis-
men, hribka ¢iar moZno reprodukovat aj v pomere 1:1, alebo odpori¢ame uro-

bit

kresby (perovky) vicSie, ako sa predpoklada ich velkost po vytlateni.

Perovky majui byt zhotovené sytym &iernym tuSom. Pri obrazkoch urobenych na
pocitaci treba redakcii poslat origindlne obrdzky (nie xeroxové kopie) vytlatené
na pauzovacom papieri - tlac’ laserovou tlaciariiou v kamerdlnej podobe pri
vysokom rozlisent (min. 300 DPI). Pri zostavovani obrazkov redakcia odportca
pracoval s programami vo vektorovom zobrazeni (napr. Corel Draw - TIFF).
Neodpori¢ame pouzival velmi tenké &iary (tzv. vlasovej hribky) ani na obrysy,

ani

VO vyplni.

Umerne k predpokladanému zmen3eniu treba zvolit hribku iar, velkost

pisma, Cisiel, hustotu $rafovania a pod. Text mozno napisal va¢$im aj mensim
pisomom (nie verzalkami - velkymi pismenami), a to podla toho, ¢o sa md zvy-
raznit. Optimdlna velkost pisma v Casopise po zmenSeni je pri velkych pisme-
néch a ¢islach 2 mm a pri malych pismenédch 1,6 mm.

Vseobecne
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5.

. Rukopis v dvoch exempldroch a origindl obrazkov s jednym odtlatkom

musia byt vyhotovené podla intrukcii pre autorov &asopisu Mineralia
Slovaca. V opa¢nom pripade redakcia ¢lanok vrati autorovi pred jeho zasla-
nim recenzentovi.

. Ak je moZnost, poslite text ¢lanku na diskete 3,5". spracovany

v editore T602 (WinText602, Ami Pro, MS Word, WordPerfect; PC) alebo
MS Word, QuarkXPress (Mac) v norme Kamenickych alebo Latin2. S dis-
ketou zaSlite aj jeden vytlacok textu na papieri.

. Rozsah ¢lédnku je najviac 20 rukopisnych strén véitane literatury, obrdzkov a

vysvetliviek. Uverejnenie rozsiahlejSich ¢lankov musi schvalit redakénd
rada a ich zaradenie do tlate bude zdfhavejsie.

Clanky sa uverejiiuji v slovendine, edtine, anglictine, resp. rudtine.
Abstrakt a skratené znenie ¢lanku (resumé) je obyCajne anglické (ak je ¢l4-
nok v angli¢tine, potom resumé je v slovencine).

Stcasne s ¢lankom treba redakcii zaslat autorské vyhlésenie. Obsahuje meno
autora (autorov), akademicky titul, rodné &islo, trvalé bydlisko.

Text
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10.

11.
12.

13.
14.

. Uprava textu vé&itane zoznamu literatury prisposobte sucasnej tprave ¢ldn-

kov v Casopise.

. Text sa md pisat s dvojitou linkovou medzerou (riadkova¢ 2), na strane ma

byt 30 riadkov, 3irka riadku je asi 60 znakov.

. Abstrakt aj s nadpisom ¢ldnku sa piSe na samostatny list. Obsahuje hlavné

vysledky prdce (neopakovat to, ¢o je uZ vyjadrené nadpisom), nema obsa-
hovat citdcie a jeho rozsah nemd byt vicsi ako 200 slov. (Abstraktu treba
venovaf ndleZiti pozornost. lebo sliZi na zostavovanie anoticif.)

. Text md obsahoval Gvod, charakteristiku (stav) skimaného problému, resp.

metodiku prace, zistené tdaje, diskusiu a zaver.

. Zretelne treba odlisit vychodiskové ddaje od interpretdcii.
. Neopakoval ddaje z tabuliek a obrazkov, iba ich komentovat

a odvolat sa na prislu§nu tabulku, resp. obrdzok.

. Text treba Clenit nadpismi. Hlavné nadpisy pisal do stredu, vedTajie na Tavy

okraj strany. Volit najviac tri druhy hierarchickych nadpisov. Ich doleZitost
autor vyznaci ceruzkou na favom okraji strany: 1 - hierarchicky najvyssi, 2
- niz8i, 3 - najnizsi nadpis.

-V texte sa uprednostiiuje citacia v zatvorke, napr. (Dub¢ak, 1987; Hruby et

al.. 1988) pred formou ... podla Dub&aka (1987). Ani v jednom pripade sa
neuvddzaja krstné mend.

Umiestnenie obrazkov a tabuliek sa ozna¢i ceruzkou na favom okraji ruko-
pisu, resp. stipcového obtahu.

Grécke pismend pouZité v texte treba identifikovat na Tavom okraji slovom
(napr. sigma).

Pri pisani starostlivo odliujte poml¢kou od spojovnika.

Symboly. matematické znacky, nazvy skamenelin, slovd a pod., ktoré treba
vysddzat kurzivou, autor v rukopise podiarkne vinovkou.

K ¢ldnku je treba pripojit kItic¢ové slova.

Abstrakt, resumé, vysvetlivky k obrazkom a ndzvy tabuliek predloZi autor
redakeii aj v angli¢tine.

Tlustracie
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9.

. Musia byt vysokej kvality. Maju dokumentovat a objasiiovat text. Origindl

(pred zmensenim) moze mat rozmer najviac 340 x 210 mm. Maximalny
rozmer ilustracie vytladeny v ¢asopise je 170 x 230 mm. Skladacie ilustra-
cie treba Gplne vylacit.

V pripade. Ze ide o po¢itatovo vytvorené ilustracie, prosime o ich zaslanie
na diskete 3.5” vo formate CorelDraw (PC), Adobe Illustrator (PC, Mac)
alebo Aldus FreeHand (Mac).

. llustracie pripravovat s vedomim, Ze sa budi zmenSoval (zvylajne

050 %) na Sirku stlpca (81 mm) alebo strany (170 mm). PodTa toho pripra-
voval ich velkost a formou. resp. ich zoskupenie.

. Volit taka velkost pisma a ¢isel, aby po zmen3eni najmen3ie pismend boli

1,2 mm. Umerne zmen3eniu volit aj hrabku Ciar.
Obrazky popisovat ablonou, nie volnou rukou.

. VEetky ilustricie v¢itane fotografii musia obsahovat grafickd (metricki)

mierku.

Zoskupené obrdzky, napr.: fotografie, diagramy, musia byt pripravené
(nalepené) ako jeden obrdzok a jeho Casti treba oznagit pismenami (a, b, ¢
atd.). Takto zoskupené obrazky sa cituji ako jeden obrdzok. Zoskupené
fotografie treba starostlivo upravit a nalepit na biely kriedovy papier.
Fotografie musia byt ostré, ¢iernobiele, kontrastné a vyhotovené na lesklom
papieri. Je vhodné, aby sa zmenSovali minimédlne o 50 %.

. Na v3etkych obrazkoch sa na okraji (na fotografidch na zadnej strane) ceruz-

kou uvedie &islo obrazku a meno autora. Na fotografidch sa Sipkou doplni
aj orientdcia obrdzku.

Na mapach a profiloch volit jednotné vysvetlivky, ktoré sa uvedi pri prvom
obrazku.

10. Nazvy obrazkov a vysvetlivky sa piSu strojom na osobitny list.
11. Vietky ilustricie sa musia citoval v texte.
12. Tustracie sa zasielaju redakcii uz imprimované, teda pri korektdre ich uz
nemozno opravoval a doplitat.
13. Farebné ilustracie sa vitané, ale ndklady na ich tla¢ hradf autor.
Tabulky
1. Tabulky sa piu na osobitny list. Rozsah a vnutornt dpravu tabuliek zvolte
tak, aby sa tabulka umiestnila do stipca alebo na 3irku strany. Rozsiahlejsie
tabulky sa neprijimaju.
2. Udaje zoradujte do tabuTky iba vtedy, ak sa nedajd uviest v texte.
3. Nadpis tabulky a pripadny sprievodny text sa piSe strojom na osobitny list
(Gpravu nadpisov pozri v ¢asopise).
4. Vertikélne Ciary v tabulkdch nepouZzivat.
5. Tabulky sa ¢isluji priebezne a uverejiiujii sa v ¢iselnom poradi.
Literatira
1.V zozname literatdry sa v abecednom poriadku uvéddza iba literatira citova-
nd v danom ¢lanku. Citdcia oznacend ,.v tla¢i” sa moZe uviest v zozname.
len ak je z citovaného ¢ldnku aspofi stipcovd korektira. Citécie s doplnkom
,v pripade™, ,,zadané do tla¢e” st neplnohodnotné a nemajd sa pouzivat ani
v texte. Citdcia ,,0s0bnd informédcia” sa cituje iba v texte (Zajac. os. infor-
mécia, 1988).
2. Pouzivat nasledujtici sposob uvadzania literatiry:
Kniha
Gazda, L. & Cech. M., 1988: Paleozoikum medzevského prikrovu. Alfa
Bratislava, 155.
Casopis
Vrba, P., 1989: Strizné zény v komplexoch metapelitov. Mineralia Slov.,
21,135 - 142.
Zbornik
Ndvesny, D., 1987 Vysokodraselné ryolity. In: Romanov, V. (red.):
Stratiformné loZiskd gemerika. Spec. publ. Slov. geol. spol., KoSice, 203 - 215.
Manuskript
Radvansky, F., Slivka, B., Viktor, J. & Srnka, T., 1985: Zilné loZisk4 jedlo-
veckého prikrovu gemerika. Zavere¢nd sprava z tlohy SGR-geofyzika.
Manuskript - archiv GP Spi§skd Nova Ves, 28.
3. Pri ¢lanku viac ako dvoch autorov sa v texte cituje iba prvy autor s dodat-
kom et al., ale v zozname literatury sa uvadzaju vietci.
4. Ak sa v Clanku (knihe) cituje ndzov, tdaje a pod. iného autora, ktory nie je

spoluautorom publikdcie, potom sa v texte cituje vo forme (Gerda in Kubka.
1975), ale v zozname literatiiry sa uvadza iba Kubka, J.. 1975.
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