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Myrmekites as petrogenetic indicators: example fronthe Weinsberg granite, South
Bohemian Batholith, Upper Austria

Rainer Abart, David Heuser and Gerlinde Habler
Department of Lithospheric Research, Universityighna, Althanstrasse 14, 1090 Vienna, Austria;
rainer.abart@univie.ac.at

Abstract

In this communication we use the term “myrmekite’ tefer to characteristic
intergrowth of vermicular quartz and plagioclaselaeing pre-existing alkali feldspar
typically at its contacts to pre-existing plagisgaMyrmekties may be regarded as a special
kind of symplectite. They have been subject toqmgtphic investigation over more than a
century, and several genetic models have been gedpacluding magmatic, exsolution, and
metasomatic origin. In this study we present myieskirom the Weinsberg granite of the
Moldanubian zone of Upper Austria. Element mapghdgigh spatial resolution using Field-
Emission Gun Electron Probe MicroAnalyzer (FEG-ENJRAd crystal orientation imaging
using Electron Back Scatter Diffrraction (EBSD) a@mbined. The myrmekites typically
occur at former contacts between primary magmaaigipclase and alkali feldspar, where the
latter is present as up to several centimeter smedacrystals of perthite. The myrmekites
present an intimate intergrowth of vermicular quadds or lamellae and a plagioclase host.
The myrmekite plagioclase is generally more alltiian the primary magmatic plagioclase.
Three generations of myrmekite with successively@sing grain size and anorthite content
of the matrix plagioclase (from XAn = 0.32 downXén = 0.26) can be discerned.

Based on the combined mineralogical and petrogcaghidence, fluid mediated
replacement of the precursor alkali feldspar bymmekite during the sub-solidus evolution of
the granite is inferred. Open system (metasomegf@pcement could be demonstrated on the
scale of the myrmekite domains including additidnsodium and calcium and removal of
potassium from the reaction site. At the same tigica and aluminum were conserved
across the reaction front. Myrmekitization was m@ioly related to the hydration of
orthopyroxene and concomitant replacement of pymrmagmatic plagioclase by biotite +
guartz at around 500°C. The myrmekite microstruictand an internal composition zoning of
the myrmekite plagioclase can be explained by aahfmt discontinuous precipitation. The
model accounts for chemical segregation by diffusiithin the reaction front and dissolution
of the precursor alkali feldspar at the reactioonfras the rate limiting processes. The
interplay and relative rates of these processeslenged from the preserved microstructure
and chemical pattern. It appears that myrmekiten&dion was an ephemeral episode during
the long-lasting sub-solidus cooling history of thegholith, probably reflecting a short pulse
of fluid ingress.

Crystal orientation imaging revealed grain-interdaformation, which is primarily
concentrated in the quartz and less pronouncetla@rplagioclase matrix of the myrmekite.
This is interpreted as a growth feature relateddifferent transformation strain at the
segments of the myrmekite reaction front, wheratguand plagioclase are formed.
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Vztah medzi ihlickovitym habitom a kryStalochémiou magnezio-foitituaz foititu
z Tisovca, Slovenské rudohorie, Slovensko

Peter Batik?, Andreas Ertl23, Martin Stevko?!, Gerald Giester a Peter S&kar?

tUniverzita Komenského v Bratislave, Prirodoveddekalta, Katedra mineraldgie a petroldgie, Mlynska
dolina, 842 15 Bratislava, Slovenska republika,ikp@fns.uniba.sk
2Mineralogisch-Petrographische Abt., NaturhistorissiMuseum, Burgring 7, 1010 Wien, Austria
SInstitut fir Mineralogie und Kristallographie, Ungvsitat Wien, Althanstrasse 14, 1090 Wien, Austria

Abstrakt

Turmalin tvoriaci radialne agregaty svetlo Sedyzlzelenych tenkych prizmatickych
az ihlicovitych krystalov rastice do trhlin v heaitskej hornine bol ndjdeny v kremennej Zile
pri Tisovci v Slovenskom rudohori. Turmalin ma cha zonalitu od dravitu az oxy-dravitu
v koraiovej zone kryStalov cez magnezio-foitit v stredoagti kryStalov az do foititu vo
vonkajSejcasti agregatov. Struktirne Gdaje rovnako ako dedastidium véazbovychibk
poukazuji na dominanciu &lv Struktdrnej pozicizZ, ktoré jeciastane substituované Eg
zatid’ ¢o F&™ a Mg?* spolu s vyznamnym mnozstvom®Alobsadzuji pozicily. Chemické
zloZenie je ovladané substiticiami FeMgAlO (Fe,Mg)iNai1 and AlQFe,Mg)i(OH)-1.
Désledkom substittcii je obohatenie o Al, ktoré m®3t’ spojené s krystalizaciou turmalinu
s ihlickovitym habitom. V désledku toho pri nadbytku Aleptada polymerizacia oktaédrov
ZOg paralelne s osod v smere prelienia krystalov nad rastom v smere ¥sDo Gvahy je
v8ak potrebné zobfaaj rychlo$ a dobu kryStalizacie zavislé na teplote a rychlost
ochladzovania.

Uvod

Magnezio-foitit a foitit patria k pomerne zriedk@ien mineralom turmalinovej
skupiny, avSak patria medzi tie, ktoré daatejSie tvoria ihtikovité az vlaknité krystaly.
VI&knity magnezio-foitit bol opisany v Kyonosawepénsko (Hawthornet al. 1999), v
oblasti Athabasca Basin, Saskatchewan, Canada r{Bagga Foit 2006), na magnezitovom
loZisku Brumado v Brazilii (Modreskit al. 1997), ale aj na Slovensku na lokalithch Detva —
Biely vrch a Kapka (Bé&k et al. 2013). Vlaknity foitit bol opisany najma v pegntath, kde
tvori zaverénu fazu krystalizacie turmalinu na lokalitach J&skek, Montana, USA (Fodt
al. 1989), Elba, Taliansko (Pezzow#& al. 1996; Aurisicchioet al. 1999), Alabaska, Rusko
(Lyckberg & Hawthorne 1997).
Vtomto prispevku na zaklade detailného analytiok&tudia poukazujeme na tiah
kryStalochemickych vlastnosti magnezio-foititu aiifu a ich ihlickovitého habitu

Metodika

Chemické zloZenie turmalinu bolo analyzované natqoji CAMECA SX100 na
Statnom geologickom Ustave Dionyza Stlra, BratéslaStruktira magnezio-foititu bola
spresnena pomocou monokrystalového rtg. difraktar@tuker AXS Kappa APEX Il CCD
(Universitat Wien).

Vysledky

Turmalin najdeny pri Tisovci tvori radialne agregdvetlo Sedych az zelenych
tenkych prizmatickych az ihlicovitych kryStalov tase do trhlin v hostitiskej hornine.
Krystaly turmalinu v agregatoch vykazuju relatiwyeazna chemicku zonalitu, od dravitu az
oxy-dravitu v koréovej zéne kryStalov prechaddza cez magnezio-foitistkednej asti
kryStalov az do foititu vo vonkajSégasti agregatov (obr. 1).
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Obr. 1: Radiélny agregét turmalinu (S). skgﬁvDrv —dravit, Foi — foitit, Mgf —
magneziofoitit, Qz — kreme

Optimalizovany krytalochemicky vzorec magnezidifoi je ~*(0osNav.4Ca.1)
Y(Mg1.1Al L oFE 0 sFef01) “(AlsF€703) (SkoAlo1018) (BOs)s (OH)s [Ooe(OH)osFo1] S
mriezkovymi parametrand = 15,929(2) Ac = 7,163(1) A and/ = 1574,0(7) A Struktdrne
Udaje rovnako ako detailné 3tudium vézbovydhoki poukazuji na dominanciu 3Alv
Struktirnej poziciiZ, ktoré jeciastaine substituované Ee Dokazuje to jednak relativne nizka
hodnota Z-O> = 1,923 A, typickd pre turmaliny s menSou neusplanogou Vv
oktaédrickych poziciach (Bloodaxe et al. 1999; Basiucchesi 2004)Dalsim ddkazom
relativne nizkej neusporiadanosti a teda dominafciepozicii Z je nizka hodnotaizky Y-
02 vazby (1,977 A), ktora sa da negativne koralevabsahomiAl (obr. 2). Na druhej strane
Fe* a Mg?* spolu s vyznamnym mnoZstvom prebytkovéhd Absadzuju pozici.

7.0

6.5

6.0

5.5

Al + Fe®*

5.0

4.5

4.0
1.97 1.98 1.99 2.00 2.01 2.02 2.03 2.04 2.05 2.06

Y-02
Obr. 2: Diagram zavislostildky Y-O2 vézby a celkového obsahu Al ¥ FBouzité Udaje z
prace Baik (2015)

Okrem dravitu v kormgovej zOne agregatov su vSetky ostatné zony vraiaparavitu
na prechode k magnezio-foititu obohatené o Al. @ldsa stipa od kotievej zony agregatov
k ich okraju podobne ako vakancie v pozi¥i naopak obsah Mg klesa (obr. 3). To
nazng&uje, Zze Fe a Mg sa vzdjomne nahradzuju prostrednictsubstiticie FeMg Vo
vnatornych zénach agregatov prevlada substituc@(Pe,Mg)1(OH).1, ktorej dosledkom je
zmena zloZenia z dravitu na oxy-dravit. V okrajdvyadnach substiticia Bl(Fe,Mg)iNa1
zvySuje pomer vakancii v pozieliso zmenou zloZenia cez magnezio-foitit k foititu.
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Obr. 3: Klasifika'ny *7/(*[7+Na) and Fe/(Fe+Mg) diagram.

Diskusia

Z doteraz zndmych opisov vakantnych turmalinov kckbvitym az vldknitym
vyplyva ich pomerne \J&a chemicka variabilita. VIaknity magnezio-foitit lokality
Kyonosawa, Japonsko je obohateny o Al (7a42) a Mg (1,44apfu), ale Fe dosahuje len
0,13 apfu (Hawthorne et al. 1999). Magnezio-faththabasca Basin, Saskatchewan, Kanada
je tiez chudobny na Fe (do 0,@pfu), ale ma nizsi obsah Al (do 6,8@fu a viac Mg (do
2,28 apfu) v porovnani s tym z Kyonosawy (Rosenlaefgpit 2006). Ihtikovity magnezio-
foitit z Kapky v pohori Vihorlat na vychodnom Slawaku je podobny tomu z Kyonosawy s
priemernym obsahom 7,38fu Al®*, 1,54 apfu Mg?* a iba 0,13 apfu Bé& Naopak,dalsi
slovensky magnezio-foitit z lokality Detva-Bielyalr je vyrazne bohat3i naFdv priemere
0,73apfu) a chudobnejSi na Mg (1,Hpfu), ale je rovnako obohateny Al (7,48fu), ktoré je
Ciasta@ne umiestnené aj v pozidii(0,40apfu)

Foitit tiez ¢asto tvori ihlgkovité az vidknité kryStaly. Foitit z Jack CreekpMana,
USA je bohaty na Al (6,9apfu) a Fe (0,84pfu Fe*, 0,30apfu F€*) a a naopak chudobny
na Mg (0,14apfu) (Foit et al. 1989). Vlaknity foitit z Elby, Talieko je nezonalny a rovnako
bohaty na Fe (1,53apfu) a Al (6,86 apfu) a obsahuje len do 08&u Mg (Pezzotta et al.
1996).

Magnezio-foitity a foitity z tychto lokalit poukaguna spojitos ich ihlickovitého az
vlaknitého habitu a kryStalochémie, v pripade obaocimeralov je pozorované vyrazné
obohatenie o Al. Naopak pomer?H¢Fe’*+Mg) je v tychto turmalinoch Veni variabilny.
Obohatenie o Al teda mdzZe tbynlavnym faktorom krystalizacie vlaknitych turmadin
Detailné Stadium Struktary magnezio-foititu z Tisavpoukazuje na silnu preferenciu vstupu
Al do pozicie Z. Tato oktaédrick& pozicia vytvarardmci Struktdiry turmalinu tazce
paralelné s osou Z, teda osou predia krystalov. Na druhej strane nizsi obsah kaiio
preferujacich poziciuy vedie k pomalSej tvorbe siete oktaédré®s, ktoré su kolmé na
retazce oktaédro¥Oe. Z toho vyplyva, Ze v prostredi bohatom na Al adisbnejSom na Mg
a Fe bude polymerizaciatiezcov oktaédrovZOs previad& nad rastom v smere na ne
kolmom a teda rast krystalov dézky bude prevliadanad rastom do $irky. Svoju Glohu v tom
moZe zohravaaj doba a rychlaskryStalizacie. Pri nedostatkiasu na rast kryStalov do Sirky
v dbsledku rychleho ochladzovania prostredia bdtmatga Al mézu kryStalizovaagregaty
ihlickovitych turmalinov. Obohatenie o Al mézZethyabojovo kompenzované vakanciami v
pozicii X alebo deprotonizaciou pozidafi aleboW. Oba tieto mechanizmy v réznej miere
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pozorujeme aj pri turmaline z Tisovca. Vyskyt vakiarv turmaline teda nemusi thyba
zavisly od teploty, ale aj od inych, komplikovariefsfaktorov.

Pod’akovanie 3
Tento prispevok vznikol s podporou projektov APV¥78-12 (to PB, MS and PS) a FWF
project no. P26903-N19 (to AE).
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Prechod magmatického a hydrotermalniho procesu v gratech z pohledu modernich
zobrazovacich metod

Karel Breiter 1, Tomas Hrstka! a Marek Dosbab&

1Geologicky ustav AYR, v.v.i., Rozvojova 269, CZ-16500 Praha 6, br@igli.cas.cz
2TESCAN Brno s.r.o., Libusina t, CZ-62300 Brno

Abstrakt

Pomoci automatizované mineralogické analyzy (TIMAjatodoluminescence (CL)
byl studovan rozsah postmagmatickych (hydrotermB)nfremen v rudonosném granitu na
Cinovci.

Uvod

Prostorovy vztah lozZisek cinu a vycliogdnotlivych tyg Zul v KruSnych horéch je
znam minimald od vrcholného gedowku. Fima geneticka vazba Sn-mineralizace ratér
facie Zul a rozliSeni rudonosnych a hluchych gtajgtstarsi nez 150 let (Hochstetter, 1856).
Nicmérg, od 30. let 20. stoleti probiha intenzivni del@af@on®ru primarrg magmatickych a
postmagmatickych (hydrotermalnich) procegi vzniku rudonosnych grariit Prvni teorie o
puvodu topaz-Li-slidovych grariit prostednictvim reakce biotitickych Zul Nejdeckého
plutonu s jejich kogenetickymi fluidy (teorie "amtetasomatosy”, Teuscher, 1936) nedoSla
vSeobecné pozornosti. Naproti tomu teorie albigzéi8eus et al., 1962), ktera se zrodila v
Zabajkali (Rusko) hrala po desetileti vyznamnouhulos diskusich o genezi grahita
souvisejici mineralizaci po celéemésy. Tato teorie bylaifjata i fadou geolod pracujicich v
Krudnych horach (Stemprok, 1965; Tischendorf, 1989%enetickych diskusich hrala vzdy
podstatnou roli interpretace horninovych a minddciintextur, ve své podstatvelmi
subjektivni pozorovani

Cilem nasSi studie bylo nafigladu loziska Cinovec objekti¢nvizualizovat textury
jednotlivych facii granitu s vyuzitim technologidMA, zviditelnit vnitini stavbu kemene
pomoci katodoluminiscence a sestavit geneticky ingmd@itu a greizenové mineralizace.

Metodika

Metoda automatické mineralogické analyzy byla vytén pro detailni studium
distribuce minerd v horninovych a rudnich vzorcich a pro studiumnimovych textur
(Gottlieb et al., 2000; US patent No. 2013054 1538d. nasi pilotni studii rudonosnych granit
byl pouzit automatizovany mineralogicky analyzafbiMA na platforné skenovaciho
elektronového mikroskopu VEGA3 ztley TESCAN v konfiguraci sétyimi EDS-detektory,
provozovany v Geologickém Ustavu A¥R. Modalni analyza metodou ‘high resolution
mapping’ zahrnuje sib BSE a EDS dat ve vybraném pravidelnémiadoném systému, v
tomto gipadct s krokem 1Qum. V kazdém boél je nejprve zmsfena intensita signalu BSE a
pokud je zjis¢na intensita v zadaném rozmezi, pékia méteni EDS aZ do dasaZenicho
pulzi nutného pro weni mineralu (obvykle 1000, v naSentigact 2500 pulz pro
spolehliwjSi ukeni mineral s prongénlivym chemismem). Doba &feni na jednom pixelu se
liSi v zavislosti na sloZeni jednotlivych fazi. Unarali obsahujicich&ké prvky je sbr dat
rychlejSi a naopak.iPnami zvolené metodice trvalodieni plochy jednoho vybrusu cca 9
hodin. Data ziskana v kazdéméi@mném bod jsou porovnana s klasifikaim schematem
(sbirkou pravidel zaloZzenych na koncentracich jdthygh chemickych prvik a/nebo jejich
pongrech, odstinu v BSE a dalSich parametrech) a kdmmy je gifazen jednomu z
piedvolenych minerél Vysledkem je tabulka kvantitativniho zastoupeetnotlivych
minerali a mapa jejich distribuce.
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Kiemen byl v katodové luminiscenci (CL) zobrazovarospednictvim autoemisniho
skenovaciho elektronového mikroskopu TESCAN MIRARoratdi spole&nosti TESCAN
v Brné. Systém byl vybavem detektorem “Rainbow color GLolymethylmethakrylatovym
swtlovodem propustnym v rozsahu 350-650 nm. Pracosadalenostéinila 20 mm,
urychlovaci nagti 25 kV a proud 6 nA. PouZita rychlost skenovémnliiSila v rozmezi 32 az
1000 ms/pixel v zavislosti na CL-emisiitobrazované oblasti.

Vysledky

Metodou TIMA byly ziskany mapy distribuce a Udaj&kwvantitativnim zastoupeni
horninotvornych minerél v 15 vzorcich, které reprezentuji vSechny hlavariety jak
magmatickych, tak reakcemi s fluidy modifikovanyebarnin (Obr. 1, Tab. 1). Pomoci CL
byly odlySeny krystaly temene vzniklé krystalizaci magmatu s vyraznou peaou
zonalnosti (Obr. 2a, b) oddmene v greisenozovaném granitu az greisenu (@bid)2Ve
druhém pipadt se jadra kemennych zrn @vodné magmaticka) vyzralji intenzivrgjsi CL,
kdeZto hydrotermélnifemen zatléujici pivodni Zivce ma velmi slabou az Zadnou CL.

Diskuse a z&r

Lozisko Cinovec byl vybrano jako téma studie¢kalika divoda. Diky vrtu CS-1 je
zde kdispozici profil rudonosnym granitem do hlkybl600 m. Cinovecka kopule se
vyvijela jako geochemicky siéndiferencovany otaeny systém, pravgodobré opakovas
nasyceny vodou a explozi¥rodplyrgny. Prvni modely sestavené v 60. letech vychazely
z metasomatickéhoiistupu (Stemprok, 1965; Stemprok a Sulcek, 1968)emtni modely
jsou spiSe magmatické (Rub et al., 1998, Johan, &042), ale jsou orientovany vyrazn
mineralogicky a neodrazeji geologickou stavbu kegako celku, ani povahu horninovych
textur.

Na zaklad nasSich vysledik byl sestaven upraveny profil vitem CS-1 (Obr.lav).
Zejména byla w§leréna jednotka bezslidnych graniaz feldspatit v hloubce 259-368 m.
Tuto oblast povaZzujeme za restit po &ddi F-Li-bohatych fluid, ktera Zigobila greisenizaci
a prokemeréni vySe lezicich¢asti kupole. Pozdn az post-magmatické procedyzené
odmiSenymi fluidy tak podle naSeho nazoru ovliviilmoveckou kupoli pouze do hloubky
cca 370 pod saasnym povrchem. Ve&tsi hloubce jsou granity zachovany v magmatickém
stavu.

Podckovani

Tento vyzkum byl podp@en grantem GAR P210/14-13600S a RVO 67985831.

Literatura

Beus, A.A., Severov, E.A., Sitnin, A.A., SubbotiiD., 1962: Albitizované a greisenizované
granity (apogranity). Nauka, Moskva. (v rugjin

Gottlieb, P., Wilkie, G., Sutherland, D., Ho-Tun,, Buthers, S., Perera, K., Jenkins, B.,
Spencer, S., Butcher, A., Rayner, J., 2000: JOM2B25.

Hochstetter, F., 1856: Jahrbuch der Geologischem&sanstalt 7, 316-332.

Johan, Z., Strnad, L., Johan, V., 2012: The Camaldimeralogist 50, 1131-1148.

Rub, A.K., Stemprok, M., Rub, M.G., 1998: Minerayoand Petrology 63, 199-222.
Stemprok, M., 1965: Sbornik geolé¥, tada LG 5, 7-106.

Stemprok, M., Sulcek, Z., 1969: Economic Geology3BP-404.

Teuscher, E.O., 1936: Mineralogische und Petrogsapk Mitteilungen 47: 211-262.
Tischendorf, G., 1969: Zeitschrift fir angewand&o®gie 15, 333-342.

12



Petros 2015

CS-1

400 4 x X

600 1 x x

800 |+ + +

1000 |

1200+ + +

1400 - + + 4

1596 L+ + +

alterovany granit
greisen
Uﬂmm bezslidovy granit,
feldspatit
zinnwalditovy granit
zinnwaldit. mikrogranit
biotitovy granit
biotitovy mikrogranit

Obr.1 ZjednoduSeny profil vitem CS-1 (vpravo) a yndigtribuce mineral metodou TIMA v
typickych vzorcich (vlevo): (a) drobnozrnny all@pidolitovy granit, ktery pragal intensivni
reekvilibraci s pozéimagmatickymi fluidy, hloubka 60 m; (b) greiseneény pevazi
kremenem a zinnwalditengilem hydrotermalniho procesu (hloubka 155 m); (oicty
stredre zrnity albit-zinnwalditovy granit s topazem a flitem bez iztelného vlivu fluidnich
proces, hloubka 478 m; (d) biotiticky mikrogranit jakoskgdek rychlé krystalizace
magmatu, hloubka 1245 m. Barvy minérdremen—tma&modry, albit—sw¥tle modry, K-
Zivec¢erveny, Fe-dominantni slidy—4de, Al-dominantni slidy#Zové, topaz—zluty, fluorit—
zeleny. Plocha vSech map odpovida standardnimwsybcca 30x20 mm.
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Obr.2 Struktury kemene zobrazené pomoci katodoluminiscence: (a sn@nky vyrostlic
kiFemene s vyrazrzonalni stavbou typickou pro magmatickou krysdaiizcinwalditovy
mikrogranit, hloubka 413 m; (c) zobrazeni v BSH)zpbrazeni v CL téhoz zrnéeknene z
greisenu v hloubce 155 m. Délkaitka vzdy 1 mm.

Tab. 1 Kvantitativni zastoupeni minerade vzorcich z obr. 1.

Vzorek z hloubky 60 m | 155m | 478n] 1245
merené hodnoty (obj. %)
Albit 29,6 0,0 32,7 23,1
K-Zivec 2,9 0,0 27,0 29,0
Kiemen 35,9 52,7 26,5 34,6
Slidy (suma) 8,7 32,3 4,8 2,0
Fluorit 0,2 0,2 0,1 0,2
Topaz 0,1 0,9 0,4 0,0
Suma 77,4 86,1 91,5 88,9
prepaiet kemene a Zivit na 100%

Albit 43,3 37,9 26,7
K-Zivec 4,2 31,3 33,4
Kfemen 52,5 30,7 39,9
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Abstrakt

KryStalochemické vlastnosti intersticialnych vdiatberylov Zapadnych Karpat boli
Studované prostrednictvorl lspektroskopie s fokusom na® a jej vzah k obsahu alkalii,
prevazne Na. Valeémé vibracie vody boli zistené v oblasti medzi 358700 crit
a deformané vibracie okolo 1500 cthValeniné vibracie CQv oblasti okolo 2500 crhboli
detekované iba v monokrystalovych vzorkach z bdeatského masivu. Pri porovnani obsahu
Na s transmitanciou jednotlivych vibracii vody ba@tend negativna korelacia obsahu Na
s HO typu |ako dobsledok absencie alkalického kovuntersticii. Naopak, pozitivha
korelacia Na s bD typu Il indikuje priamy v#£ah alkalinity prostredia a vody typu II.

Uvod

Beryl BesAl:SisO1s8 je cyklosilikat. Jeho hexagonalna Struktara bolgriesena
Braggom a Westom (1926) a neskor viackrat spresfigglaw a Matveeva 1950; Gibbs et al.
1968; a Morosin 1972). Pozostava z kationov*Aktoré s oktaédricky koordinované
Siestimi atdbmami kyslika a z kationov*Sa Be&*, ktoré st koordinované tetraédricky Styrmi
atomami kyslika. Sedenné prstence tetraédrov (S)® tvoria intersticie paralelné
s kryStalografickou osod. Prstence tetraédrov (Si® s spojené s Al oktaédrickymi a Be
tetraédrickymi poziciami a spolu tvoria hexagonaimktiru berylu. Intersticie v prirodnych
beryloch si charakteristické pritomrios alkalickych katiénov ako napr. NaCs, Rb',
prechodnych prvkov ako napr. ¥e Fe*, molekdl ako HO a CQ. Alkalické katiény
vyrovnavaju ndbojovy deficit, ktory vznika hetertsatnymi substiticiami v Al oktaédri a Be
tetraédri (napr. Wood a Nassau 1968; Aurisicchialefl988). Intersticia pozostava z dvoch
pozicii — 2a a 2b. Sodik sa inkorporuje do pozitbe ktora je situovand v strede kazdého
prstenca, zatlaco Cs, Rb a K vstupuju do pozicie 2a, ktor4 sa rdmdanedzi dvoma
Sestlennymi prstencami (Aurisicchio et al. 1994). VodabZze by pritomna v dvoch
orientaciach, ale iba v pozicii 2a. Voda typu hgakytuje v beryloch s absenciou alkalii, jej
dvojndsobn& os symetrie je orientovand kolmo nangssbnu os berylu. Voda typu Il sa
nachadza v alkalickych beryloch, jej dvojnasobnggeaxientovana paralelne so gaésobnou
osou berylu (napr. Wood a Nassau 1968; Aurisicehial. 1994; Charoy et al. 1996; Kolesov
a Geiger 2000; todaski et al. 2005; Kolesov 2008). Yei hydratované prostredie je
charakteristické pritomnésu dvojnasobne koordinujacej vody typu I, tato aasbklopuje
alkalicky kation zvrchu aj zospodu (Fukuda a Shan@b08; Kolesov 2008). Vektor H-H
vody typu | je orientovany paralelne s osdu Ak vstupuje alkalicky kation do priestoru
intersticie, dochadza k medzimolekulovej interakegdzi alkalickym kationom a molekulou
vody, molekula vody rotuje o 90° z pévodnej poldido polohy II, vektor H-H vody typu I
je orientovany kolmo k Sestnasobnej vertikéfeberylu (Hawthorne aCerny 1977;
Aurisicchio et al. 1988). Obidva typy vody | aj $b m6zu vyskytovav troch vibr&nych
stavoch -v1 symetrickéa valefna vibracia (dochadza k rovnakej zmeiikgl oboch vazieb),
v2 deform&néa vibracia (meni sa uhol vazby, al&lkh ostava rovnakals asymetricka
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valertna vibracia (f£ka jednej vazby je skratena ikh druhej véazby je natiahnutd) (Charoy
et al. 1996). V3etky vibracies® st C aktivne (Nakamoto 1978).

Ciel'om tohto Studia je spektroskopicka charakteriskikatalochemickych vlastnosti
intersticii v beryloch Zapadnych Karpat. Hlavnynmzegom je stanovenie dvoch typov®i
a ich vz’ahu k alkalickym kovom.

Metodika

Beryly boli identifikované praskovou rtg. difrakt@tniou na pristroji BRUKER D8
Advance (Katedra mineralégie a petrolégie, Priredtacka fakulta Univerzity Komenského).
Chemické zloZenie berylov bolo analyzované na qmjisCAMECA SX100 na Statnom
geologickom Ustave Dionyza Stura, Bratislava. ¥eraené spektra praskovych vzoriek boli
analyzované na pristroji Nicolet 6700 (Ustav anoigjeej chémie Slovenskej akadémie vied
v Bratislave) a monokryStalovych vzoriek na prigtrBruker TENSOR27 (Institut far
Mineralogie und Kristallographie, Universitat Wiekustria)

Vysledky

VatsSina Studovanych vzoriek berylu pochadza z bragsgkého masivu Malych
Karpat. Jedna vzorka je z Moravian nad Vahom z Pské&ho Inovca. Vo vSetkych beryloch
boli identifikované vSetky vibracie vody typu ll(tab. 1, 2). Molekuly HO a CQ mozZno
detekovd v strednej infréervenej oblasti medzi 1500 a 3700 tmaleréné vibracie vody su
pritomné v rozpati medzi 3500 a 3700 tmdeformané vibracie HO a valeiiné vibracie
CO, sa nachadzajl v oblasti od 1500 do 250¢.cm

Tab. 1 Infra’ervené absorgné pasy pre praskové vzorky a priemerny obsah &Nealyz
publikovanych v Uher et al. (2010)

BM-8 BM-21a BM-21b BM-21c
Kamzik | Svéabsky vrch Svéabsky vrch Svéabsky vrch

v[ecm?] Trans. v[cm?] Trans. v[cm?] Trans. v[cm?Y] Trans.
H20 I-v2 1602 1,3 1601 11 1602 1 1607 0,4
H20 Il-v2 1635 3,2 1634 3,7 1633 3,4 1633 2,6
H20 Il-v1 3596 3,4 3596 8,4 3596 4,7 3596 4.2
HO I-vi 3649 11 3650 4,2 3633 1,7 3635 1,5
H20 ll-vs 3667 1,2 3673 2,6 3661 2,4 3662 2,9
HO | -vs 3699 4,1 3698 6,6 3699 3,7 3698 5,6
Na [apfd 0,050 0,109 0,109 0,109

BM-22 BM-23 PI-15

Jezuitské lesy Kamzik 1l Moravany nad Vahom

v[cm?] Trans. v[cm?] Trans. v [cm?] Trans.
H20 I-v 1604 1,4 1602 1,4
HO ll-v. 1632 4,2 1634 3,2 1634 0,8
H2O ll-vi 3596 51 3596 4,8 3595 4,2
HO I-v; 3650 2,5 3634 2,2 3635 1,9
H2O ll-vs 3675 1,7 3657 2,8 3660 3
HOl-vs 3698 4,9 3699 5,7 3698 6,8
Na [apfd 0,120 0,065 0,059
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Tab. 2 Infra’ervené absorgné pasy pre monokrystalové vzorky a priemerny obiah

BLS-1 BLS-2 DUV-1 DUV-2
Lis¢ia stran LiS¢ia stran Dubravka Dubravka

v[cm?] Trans. v[cm?] Trans. v[cm?! Trans. v[cm?] Trans.
H>0 I-v2 1550 0,8 1541 0,4
H>0 I-v2 1600 1,2 1602 0,9 1599 0,9 1598 1,1
H>0 Il-v 1627 5,2 1629 2,9
COo; 2358 0,2 2360 0,4
H20 Il-v1 3599 1.3 3596 5,0 3591 1,0 3596 14
Hzo |-V1
H20 ll-vz 3664 3,0 3662 14
H2O | -v3 3699 50 3695 1,4
Na [apfd 0,091 0,101

Spektra monokrystalovych vzoriek sa liSili absenamektorych vibracii v zavislosti
od orientacie vzorky k polarizovanémucilll Pri porovnani obsahu Na s transmitanciou
jednotlivych vibracii vody bola zistena negativr@edacia obsahu Na (tab. 1, 2) stHtypu
l. To mdZe by dosledkom absencie alkalického kovu v interstiaiipritomnosti vody typu |
(obr. 1a). Naopak, pozitivna korelacia Na Htypu Il indikuje priamy vgah alkalinity
prostredia a vody typu Il (obr. 1b). Oxid utity bol detekovany iba v monokryStalovych
vzorkach z bratislavského masivu.
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Obr. 1 Diagramy zavislosti obsahu Na a transmitanai) vibracievz vody typu | a b)
vibraciev: vody typu Il

Diskusia a zaver

Pegmatity Zapadnych Karpat su prevazne derivovgme&raumindznych granitov S-
typu (Uher a Broska 1995). VSetky Studované vzaixghadzaju iba z tohto typu pegmatitov.
V zmysleCerného (1991a) mozno pegmatity Zapadnych Karpéadgifik berylovému typu,
beryl-columbitovému subtypu a LCT familii. To znamae Ze tieto pegmatity s chudobné na
alkalie ako Li a Cs a z alkalickych kovov obsahbjavne Nago sa premieta do chemického
zloZenia berylu.

Pri porovnani obsahu Na a vody mozno pozatawg charakter korelacie v pripade
valertnych vibraciivi avzako v pripade deforndaej vibracievz. Energetické poziadavky na
symetrickd valeénu vibraciuvi su vysSie ako na deformacitgho désledkom je aj hodnota
vinoétu — vySSia pre symetrickl valemi vibraciuvi a nizSia pre deforndad vibraciuvs.
Medzi silou vodikovej vazby a vigtom vibracie je nepriamoumerny fah, ¢im vysSi je
vinocet, tym slabSia je vodikova vazba (Nibbering et24l07). Sila vodikovej vazby je
ovlyviiovana susediacimi atbmami a ich elektrostatickyrtérakciami. V priestore berylovej
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intersticie dochadza k viacerym interakcidm, akokeualentna vazba vodika v molekule
vody, elektrostaticka interakcia medzi O y(Ha Na a taktiez vodikova vazba medzi Hx0OH
a O z tetraédra SKOv prstenci. Ak je kovalentna vazba v molekule vodglabovana
elektrostatickou interakciou s Na, zasije to vodikovu vazbu;o sa prejavuje energetickym
posunom valetnych vibraciivi avs k nizSiemu vinétu vo vode typu Il. Naopak v pripade
deform&nej vibraciev. oslabenie vodikovej vazby znizuje energiu potrebadej vyvolanie,
preto je vingetv.vody typu | nizsi ako v type II.

Korelacie zistené z udajov z EMPA@ $pektroskopie su v sulade s predpokladmi na
zéklade Stadia topoldgie vazieb v ramci interstickeeryle.Dalej je vdak nutna kvantifikacia
pomerov jednotlivych typov vodyo umoziuje termogravimetricka analyza, ktorej lmen
bude zist celkovu dehydratau teplotu berylu, ako aj dehydrata teplotu jej jednotlivych
typov. Vo vSeobecnosti je na dehydrataciu berylugbma teplota vysSia ako 750 °C. Pad
Vianu et al. (2002) je 800 °C dostanta teplota, ktorou je mozné kompletne dehydratova
praskovy beryl s Jkos’ou zrna 125um. Tieto rozdiely v teplote mézu vyplywa ve’kosti
ztn, nakdko vo v&Sich zrnach berylu méze voda migréymzd? intersticie predtym ako ju
vplyvom teploty opusti (Fukuda a Shinoda 2008).ewytoch Zapadnych Karpat su relativne
zvySené obsahy Na&o indikuje pritomnog H-O typu Il. Podrobnou termogravimetrickou
analyzou bude mozné redlne dokazatah hydratacie a alkalinity prostredia intersticie
berylu, nakdéko je predpoklad, Ze jedna dvojnasobne koordinujucda typu Il opi&a
intersticiu ako prva, nasleduje ju voda typu | kamec druha molekula vody typu Il (Fukuda
a Shinoda 2008).
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Abstrakt

Anizotropie magnetické susceptibility (AMS) je pEyzikalni metoda studia
prednostni orientace magnetickych minérghko jsou titanomagnetit, magnetit, maghemit a
obecné Fe-Ti oxidy,fipadré pyrhotin, které mohouifspivat k celkové susceptibdihorniny
podstatg vice nez horninotvorné tmavé silikaty. V praktickgserpentinizovanych pevnych
ultra-mafitovych &lesech (nap masiv Troodos na Kypru, dunit Twin Sisters vetésta
Washington, USA, ¢ pasmo Sulu ultravysokotlakych metamaifitvychodni Ciny)
magnetickd vnini stavba indikuje pl@®vée toky a s nimi spjaté duktilni deformace; tato
stavba se rize zachovat i dhem exhumace. Vifpadt serpentinizovanych ultramafitAMS
odrézi pednostni orientaci novot¥eného magnetitu v n&fovych polich g@sobicich pi
serpentinizaci, f)padre pozdiji. V Centralnich Zapadnich Karpatech jsme pomodilSA
studovali vnitni stavbu #Bkolika serpentinizovanych ultramafickyckles veporika, gemerika
a meliatika.

V télesech ulozenych v metamorfitech fundamentu (Filggo He’'pa-Koleso,
Kalinovo-Brezntka, Muranska DIha Luka a Pohronska Polhora) jsognmeiické foliace
casto pormdrné strmé a rovno¥¥né s magnetickymi foliacemi metamaifitzatimco v
orientaci magnetickych lineaci mohou existovat \a/mné rozdily. Je pra¥gdodobné, Ze
alespa ¢ast stavby je pl@®vého fivodu (u jen velmi malo serpentinizovanyetes) acast
stavby je deformami. V télesech uloZzenych v metasedimentech a melanzi (Danko
Dobsind) magnetické foliace nevykazuifilig tésny vztah k orientaci planarnich staveb
hostitelskych hornin. Magnetické lineace jsouc¢sme dosti rozptylené jako vysledek
polydeform&nich proces. V télesech uloZzenych v terciernich sedimentech (Sedlice
Hodkovce) je magneticka foliace velmi strma, coZvjekontrastu s generalni plochou
vrstevnatosti sedimeint Je *ejmé, Ze magneticka viiti stavba dchto ultramafiti byla
vytvoiena daleko ive nez sedtesa dostala do sedimént

V literatuie se tradiné uvadi, Ze magneticka susceptibilita ultraniafizrista s jejich
serpentinizaci, id niz se now vytvar ponerné ¢isty magnetit. Naopak hustota horniny s
rostouci serpentinizaci kleséa, coz mé za nasledghtivni linearni korelaci mezi hustotou a
logaritmem susceptibility. Takovyto vztah se az el pedpokladal i pro zapadokarpatské
ultramafity. Jenomze naSe vyzkumy ukézaly, Ze ndostanych lokalitach tento vztah neplati,
korelace mezi hustotou a susceptibilitou neni Zadgakumy serpentinizovanych ultramaifit
ukazuji, Ze je-li serpentinizace tak silna, Zeghdzi v karbonitizaci, ®ite dochazet k
destrukci novotvieného magnetitu a susceptibilita zase klesa. Zelkaybonitizaci jsme
detekovali i na &terych naSich lokalitach, soudime, Ze tento meichaus miZze byt
odpowdny za prakticky nulovou korelaci mezi hustotowaceptibilitou.

Pro rozliSeni magnetické viii stavby plé&ového ¢i korového fivodu studujeme
vztah magnetické vriti stavby k vnitni stavié hostitelskych hornin, k tvam
ultramafitovych &les a ke geologické sta¥akoumaného Uzemi.

Podckovani
za podporu z grantovych agentur APVV-0081-10 a VE@A5/11.
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Abstract

The subject of our study is a meta-orthopyroxedit® in a meta-harzburgite block
belonging to the Sieggraben structural complexigRaital., 2002, and citations therein). This
complex occupies a middle position in the Austro@pasement nappe system of the Eastern
Alps. The investigated area is located at the sagtern part of Austria near the Steinbach
village (approximately 150 km south of Vienna). TBeeggraben structural complex is
composed of metapelites (gneisses, micaschistsjabastes (eclogites, amphibolites,
metagabbros), metaultramafics (serpentinites), gnatatoids (leucocrate metagranites,
metapegmatites), impure metacarbonates and cadkisilrocks (marbles). Meta-harzburgite,
meta-websterite and rare meta-orthopyroxenite laeemain types of metaultramafic rocks
exposed in the Steinbach area. They are assocwitid eclogites like in the area of
Sieggraben (Hrvanoyiet al., 2014).

Mineral composition and microstructures were inigeded in selected polished
sections by polarized-light microscope Leica DM2B@ the Department of Mineralogy and
Petrology, Comenius University in Bratislava. Thenemal chemical composition was
determined by a Cameca SX-100 electron microprdbthea State Geological Institute of
Dionyz Star in Bratislava. Identified mineral ass#age from meta-orthopyroxenite is
composed of Grt (Prp), Fa-enriched OI, Opx (En), pA(Mg-Hbl to Prg), spinel group
minerals, Ilm, Mg-Chl, CI-Ap, Ce-Aln and rare Dohd Mgs. Characteristic metamorphic
textures are Spl, Cpx, Grt, Ilm, Mgs and Dol extiohs in Opx(1), Grt coronas around Opx
and Spl, and Spl-Opx symplectites. The studied dh@ws these three metamorphic stages.
The D1 stage is determined by the inferred reaatio@px1 and Spll forming Grt and Ol in
eclogite facies conditions. This stage was accomegdny the mentioned mineral exsolutions
in Opx(1). The D2 is recognized by the breakdownGof into Opx2-Spl2 symplectite in
granulite facies conditions. The D3 is characterizg mineral asocciations of Amp (Mg-Hbl
to Prg), Phl, CI-Ap, Ce-Aln, Mg-Chl, Atg/Ctl in arhjolite facies conditions.
Acknowledgements
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Abstrakt

Lokality s Au porfyrovou mineralizaciou v stratokahe Javorie suU intenzivne
postihnuté hydrotermalnymi premenami, a to mateisk#izie dioritového porfyru, ako aj
okolné andezity a xenolity predvulkanického podhoANavrh modelovania premien vychadza
z désledného korelovania mineralneho a chemickéberia hornin, z pochopenia suvisu s
alter&nymi procesmi a z predpokladaného zloZewmisstvého protolitu. Vyuzita pri tom bola
najma rozsiahla databaza chemickych analyz (180@0ya 36 prvkov) 1 m alebo 2 m
usekov vrtného jadra a celohorninovych rtg angBi4). Vysledkom korelacii boli kritéria
pre geochemické modelovanie premien na Studovangkhlitach Biely vrch, Kréova
a Slatinské lazy. NajmladSiu premenu pa@Key argilitizacie (kaolinit, dickit, pyrofylit), kora
je vyznamne vyvinuta len na lozisku Biely vrchyjgdné modelowapomerom nemobilného
hlinika vaii sume alkalii Al/(K+Na+Ca+Mg). Optimélne hr&né hodnoty pomerov su
Vv smere jej stupajucej intenzity <1,1, 1,1 — 2,41 2 10 a >10. Stredna argilitizacia nizkej
intenzity, reprezentovana chloritom, smektitom #reositom, je vyznamnejSie pritomna
v hibokych castiach Bieleho vrchu a na Kovej. Jej uplatnenie v horninach slabo
postihnutych argilizaciou sa da modeltvpomerom Mg/Na s hragnou hodnotou <1,5.
Premena intenzivnej strednej argilitizacie, repnéaeana najma illitom a illitom-smektitom,
je pravdepodobne mladSia ako chlorit+smektitovy ppemeny. Na Bielom vrchu sa da
optimalne modelowapomerom (Ca+Na)/Al s hratmiou hodnotou 0,15 pre stredné &me
silné uplatnenie premeny. VyznamnejSie sa tentoprgmeny uplatnil aj na Slatinskych
lazoch, kde je vhodnejSi na modelovanie pomer Na&Arantnymi hodnotami 0,13 a
0,03 pre stupajucu intenzitu premeny. Pri pomer€aKfF 9 sa tu v intenzivnej strednej
argilitizacii objavuje muskovit (sericitizacia). ¥gkotermalna draselna premena (sek. biotit a
K-Zivec) sa prejavuje narastom obsahu K a modedfinatje pomerom K/Al s hragmymi
hodnotami upravenymi osobitne pre kazdu lokalitd'aohodnoty K/Al v¢erstvom porfyre
(modelovany je povodny rozsah premeny pred amfldiou). Vysokoterméalna Ca-premena
(Ca-plagioklas, sek. amfibol a pyroxén) je inverzkda K-premene avdladom na
charakteristicky narast Ca sa da dobre modélpeanerom Ca/Al. Vyznamne je zastlpena na
Bielom vrchu a Kréovej, prcom hrantné hodnoty intenzit su prispésobeséstvej hornine.
Na odliSenie od produktov nizkotermalnej Ca premiaycit + zeolit, corrensit, smektit) je
potrebné zadad’alSie kritéria (Ca/Na, Na/Al) nastavené individw@pre kazdua lokalitu. Tato
premena, prejavujica sa najméd narastom pomeru CagNa&sSinou sdag’ou strednej
argilitizacie. Len na Bielom vrchu sa rozsiahlej§m@atnila v pseudobrekciach, kde vystupuje
sltasne s variabilnym zastupenim domén s K-premenodleMva sa tu da pomerom Na/Al
< 0,18 a posunom od priamky oddgicej trend zvySenych pomerov Ca/Na. Podobnym
spbsobom boli modelované premeny v andezitoch alitech podlozZia so zdiadnenim ich
povodného chemického zlozZenia. Kritéria geochenmickdéodelovania premien budud skizi
na vizualizaciu premien v 3D GIS, vym zasob sekundarnych nerastnych surovin a na
vytvorenie genetického modelu Au-porfyrovej mineratie a kritérii pre jej vyfadavanie.
Pod’akovanie
Praca bola podporena grantami APVV-0537-10, VEG@6@®0/15, Centrom excelentnosti
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Abstrakt

Ziarsky granitoidny masiv tvori svojim spdsobommaine zonalne magmatické teleso,
ktoré je budované tromi zakladnymi typmi granitickyhornin a to:i) strednozrnnymi
biotitickymi granodioritmi lokalne az granitmi formujucimi vrchnias’ masivu v severnej
casti kryStalinika;ii) stredno- az hrubozrnnymi muskoviticko-biotitickyngranodioritmi az
granitmi (nevyrazne porfyrickymi} v hypotetickom reze podstielaju biotitické grdimity a
do Hbky pozvdne prechadzaji do nasledujiceho typu granitoidderykii su: iii)
hrubozrnné dvojgudné - porfyrické granity aZz granodiority tzv. Zeky typ Suitu
granitickych hornin ddaju pomernesasté pegmatity a aplity, ako aj jedno malé teliesko
dioritov v oblasti Talenie. Geochemicky granitoidri@rniny masivu Ziar patria k
plutonickym, peraluminéznym horninam stredno- asokp draselnej, vapenato-alkalickej
granodioriticko-monzonitickej série (ASI = 1,0 ~61s vynimkou dioritu ASI = 0,6);
Peacockov index pre celu sériu hornin je 58,5. DI&&» z analyzovanych vzoriek granitov
- granodioritov variruje od 62,5 po 78,3 hm.%, kgorit ma obsah Si©= 52,3 hm.%.
Pomer NaO versus KO v granitoch - granodioritoch je &inou vyrovnany, aj k& celkove
variruje od 0,8 po 1,9; hodnoty pomeru Rb/Sr = 6,12,1 poukazuju na relativhu
diferencovanas tychto granitoidov. Petrografické Stadium preuktézeelativne felzicky
charakter tychto granitov pri celkovom nedostatkafiokych mineralov s vynimkou biotitu,
preto nie je prekvapujuca pozicia tychto horninamei pda leukogranitov v diagrame
Debona & Le Forta (1983). Normalizované zaznamy RBfkazuju vyrovnané trendy
distribdcie s nevyraznou negativnou Eu anomalibendYbn = 18,6 ~ 39,3.

Hercynsky vek vychladnutia masivu preukazalo uAAdatovanie muskovitu - 338,1 +
1,7 Ma, kym datovanie biotitu - 287 + 1.3 Ma vykgzwnadznak otvorenia systému v
alpinskom obdobi (K& Starkova, 1995). Prvé CHIME datovania monazisowekom 348
+ 22 Ma (Finger et al., 2003), ako aj prvé datoganrkénov na SHRIMP-e 348 + 4 Ma
(Kohat et al.,, 2010) potvrdili spodnokarbénsky véktriazie. V s@asnosti v ramci
zostavovania novej geologickej mapy pohoria Ziae sa detailne venovali vietkym typom
granitoidov. Celohorninové analyzy jednotlivych dypgranitoidov v Rb/Sr izotopickom
systéme formuju pseudoizochronu s vekom 421,3 +N89 podobne ako vo véaiSom
plutbne Vé&kej Fatry (Kohut et al., 1996). Distribacia bodoliyavekov monazitov z
biotitickych granodioritov vykazuje typickd bimodél charakteristiku giastkovymi vekmi
375 + 5,5 Ma respektivne 343 + 5,2 Ma a spojon priemernym vekom 361 + 5,1 Ma.
Monazity z nevyrazne porfyrickych granitoidov vyk@z Standardna distribaciu bodovych
vekov s priemernymi vekmi od 356 + 8,1 Ma po 338,% Ma, kym porfyrické - Ziarske
granity majuce unimodalnu aj bimodalnu distribubdovych vekov s priemernymi vekmi
od 351 + 6,8 Ma po 344 + 7,2 Ma; v pripade bimodhhrozdelenia s maximami 372 + 6,4
Ma a 338 = 5.4 Ma. SHRIMP datovanie zirkénov z pockého Ziarskeho granitu preukazalo
za&iatok hercynskeho magmatizmu pred cca. 360 ~ 35@FjMa v&Siny zirkdnov), piom
hlavny vek umiestnenia a uzatvorenia mriezky zidwpod teplotu cca. 900°C sa udial pred
332 + 2 Ma. Samozrejme tento vek sme mohli zidka cielenym fokusovanim bodovych
analyz do okrajovycltasti zirkonov. Obdobny mladsi (335 ~ 332 Ma) ve&ngoidného
magmatizmu je dnes dokumentovany vo viacerych gicagich horninach ZK napr. z Ykej
Fatry, Nizkych a Vysokych Tatier, ale aj Td#vid’. Kohut et al. (2013).
Podakovanie:Tato praca bola podporovana MZP SR - Gloha 19-Agentirou na podporu
vyskumu a vyvoja na zaklade zmlu¥y APVV-0549-07.
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Abstract

Among the Western Carpathian area the Southern néepo Unit — composed of
crystalline rocks and remnants of Mesozoic covesuffered the most intense Alpine
reworking. Based on miner&fAr/*°Ar dating, CHIME data and broader geological feesur
this metamorphism culminated at ca 86-88 Ma andquhsunder supposed condition of
middle, max. upper greenschist facies (e. g. Dajenet al. 1993, 1996, Vrana 1966, Bezak
et al. 1999, Kovék et al. 1996, 2005). The pronounced Alpine defation and re-
crystallization processes of crystalline rocks wexecompanied with extensive fluid
circulation. This resulted in colourful modes offgaex open-system reactions, which are
hardly to be generalized. Metamorphic rejuvenatibthe relatively dry and stable crystalline
rocks was connected with large extent of hydrateactions, which required less heat supply
than progressive “dehydration” metamorphism of sedlitary rocks (e. g. Mesozoic cover).

Due to shearing and syn- to postkinematic (re)atlysation a considerable amount of
crystalline rocks turned into various sorts of chésmuscovite quartzose schists, depending
on the primary rock type and degree of the Alpinetamorphic overprint. For example a
muscovite-biotite granite in localized shear zonaswransformed into epidote-chlorite-
muscovite schist, whereas in an adjoining domagsearalbitic quartzose diapthorites. The
first transformation was connected mainly with Na &i removal, whereas in the second
case there were leached out predominantly Ca aritl P¢, Mg) from the rock.

In the southernmost zone of Southern Veporic bodie®aleozoic magnesite and
dolomite are sporadically incorporated within gtargneissic crystalline. The crystalline
rocks near the contact with these carbonates umaérgpecific and undisputable Alpine
metamorphic alterations, where the Mg-chlorite aepment reactions dominated (Kuzvart
1960). Similar “leucophyllites” in association withlc-chlorite deposits were recognized in
Eastern Alps in the past (Starkl 1883, Friedrich7L8tc.).

In extreme cases, granitic rock was practically pletely replaced by mineral
assemblage consisting of Mg-chlorite — kyanite avide (x quartz, muscovite and apatite).
Unusual kyanite originated together with Mg-chleriat the expense of muscovite by
magnesium input, which might have been stimulatgdpértial steatitization of adjacent
magnesite lenses. Presumably acidic conditiond@mer oxygen fugacity of external fluids
formed Mg and Al saturated system (KoMa1996). Forming temperature of the above
assemblage was estimated at 350-420°C.

Whole rock chemistry plotted in isocon (Grant 1986y Gresen’s (1967) diagrams
(with assumed 3-5% volume surplus) shows an indiudg, Al, H,O, P and F& constituents
and removal of Si, Na, K, Ca and®F&om the examined kyanite-Mg-chlorite schist:

100g granite + 23,3g MgO + 13,3928k + 3,1g FeO + 4,394 + 0,2 g POs + 0,1g TiQ + 0,2g CQ
= 102,29 kyanite Mg-chl schist + 39,99 Si©2g NaO + 0,9g kO + 0,6g CaO + 0,69 F®s

Trace elements were mobilized along with this tamsation (e. g. + Li, Ga; — Rb, K)
and new incremental monazite rims of Alpine ageewemrriched in LREE in comparison with
the older cores. Generally, the local new-formegié accessory minerals in crystalline
rocks (monazite, epidote, apatite, xenotime, opaninerals ...) are in large extent related to
availability of their building components in cirating metamorphic fluids and hardly to
potential solid-state transformation of the presérp phases.
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Abstrakt

Nalavom brehu Lehotského potoka v nadmorskej vyskenbb@a 1,5 km na SSZ od
Ciernej Lehoty sa vo veporskom granitoide (Sihla) tygskytuje SoSovka skarnu (skarnoidu,
granatovca). SoSovka bola v minuosti nafarana ooikog kratSou Stébu. V zloZeni vzoriek
odobratych z haldového materialu previada granat {8%), biotit (cca 25%) arudné
minerdly (cca 5% = magnetit, ilmenit, pyrit a pytptAkcesoricky su zastupené kreme
draselny Zivec, muskovit, chlorit, albit, allanmonazit, zirkbn, manganovy grunerit, apatit,
rutil, thorit, uranin, Ca-Fe-Mg a Fe-Mn-Mg karbopnat

V skarnoide (granatovci) prevliada granat (Grt) ktord dve generacie. V jadrach Grtl
ktory tvori porfyroblasty do 1 mm, prevladaju alrdém (0 64 mol%) a spessartinl@3 mol
%), menej zastupeny je pyrop (2-11 mol %) a aritdr@d3 mol %). V Grt2, ktory tvori
vonkajSiu zénu okolo Grtl (do 0,3 mm), su obsalmyaaidinu (42-48 mol%), spessartinu (43-
53 mol %), pyropu (od 1,8 do 4,2 mol %) a andradad 1,8 do 4,5 mol %). Biotit tvori
inkluzie v Grt 1 a vypluje medzipriestory granatov. Hodnoty Fe/(Fe+Mg)iatite su okolo
0,75 a obsahy Tigokolo 2,5 hm%.

Manganovy grunerit tvori idiomorfné porfyroblastyo(200um) syngenetické s Grtl,
biotitom1, allanitom, monazitoml (Mnzl), apatitonignenitom, magnetitom, pyritom
a pyrotitom. MladSia paragenéza je tvorena Fe-itblor krema&om, albitom a monazitom2
(Mnz2). Petrograficka charakteristika a mineral@aagenéza dokumentuja polymetamorfnui
genézu skarnu (skarnoidu, granatovca).

V tomto Stadiu vyskumu sme sa zamerali na dve @erermonazitov ktoré su
pritomné v skarnoide. Obe generacie monazitu bbldavané a datované pomocou
elektronového mikroanalyzatora CEMACA SX 100 (SGUBsatislava). StarSia generéacia
monazitu Mnz1 ma zaobleny habitus, ma rozmery odrd@o 30um a vZdy sa vyskytuje vo
forme inkllzii v granatoch. Datovanie Mnzl preuké@zzek na hranici devon-karbon 339
4,2 mil. rokov. MladSia generacia Mnz2 sa zasadgskytuje iba v medzipriestoroch
granatov, spravidla v biotite a v kremeni. Mnz2 dentriticky, silne nepravidelny habitus a
vzdy tvori polohy od 3Qum do 100um spolu so starSim allanitom. Radstruktarnych
vztahov Mnz2 vznika na ukor starSieho allanitu. MnzRazuje vrchno kriedovy vek 92
7,2 mil. rokov.

Vek starSej generacie monazitov povazujeme zaegikbmalnej metamorfozy spojenej
s intriziou sihlianskeho granitoidu do protolitu vdaskych pelitickych sedimentov s
vysokym podielom Mn a Fe oxihydroxydov. &8ne je to aj vek vzniku metamorfogénneho
skarnu (skarnoidu, granatovca). Druha, mladSia rgere monazitov udava vek retrogradnej
alpinskej metamorfozy predkarbonskych metasedimgonimého veporika.
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Abstrakt

Monazit-(Ce) je v ultravysokometamorfovanych hoédh (UHP rulach, Pohorje,
Rodope) pomerne bezny mineral (Terry et al. 20@@gd¥, Krenn 2007, Krenn et al. 2009).
Pre tieto horniny su typické asociacia horninotyoimmineralov fengit — kreniie(coesit) —
granat— kyanit — jadeit — rutil a zloZenie pevnébztoku monazitu je vysledkom ekvilibracie
s tymito mineralmi. V horninach s dostatkom Ca gePtiez typickd pritomnas UHP
fluroapatitu. UHP monazit m&isté zloZenie, nizky obah cheralitového, huttorétuy
a xenotimového komponenttip je spésobené vysokym podielom granatu (20-40 %b)j.
ktory v horninovej bilancii obsahuje #inu vapnika a ytria. Térium je pravdepodobne
viazané v rutile (JanouSek et al. 2014). Koexistujdpatit obsahuje az 1 hm.% prvkov
vzacnych zemin (REE), s prevahou strednych, ktodhgdzaju z rozlozeného progradneho
monazitu (Krenn et al. 2009). Monazit ma preto ¢iyi strmé krivky distribucii s vysokym
pomerom La/Nd a nizkyntazkymi REE. V&aSina UHP metamorfitov je retrogradne
premenena pri strednych tlakochasto jedinym dbékazom predchadzajuceho vyvoja je
pritomnos diamantu a zvySky UHP monazitov a apatitov. Retrsig moze ki spojena s
rychlym vyzdvihom v ramci jedného orogénu, aleboysledkom nového orogénu. Prejavuje
sa typicky podstatnym poklesom obsahu granéim, sa uvéni mnozstvo ytria a vapnika.
V apatite vznikaju exsollcie monazitu, pripadneik@movy monazit asociovany s apatitom,
s typicky nizkym pomerom La/Nd (konvexnym tvaromstdblcie LREE a vysokym
obsahom Nd). V pripade nedostatku apatitu a prit@tnrostatku fluidov sa meni zloZenie
UHP monazitu inak: vznika novy monazit s menej gtmndistribGciami REE avSak bez
narastu strednych REE. V oboch pripadoch narastzsivo Th. DOlezitym indikatorom
UHP podmienok je absencia Eu anomalie v UHP mooelzjt ktord nevznika pretoze
plagioklas nie je stabilny. Novy monazit vznikacpse retrogresie, reaguje a zatlgpovodny
monazit mechanizmom dissolution—reprecipitationpguine narasta Uplne novy s vy3Sim
obsahom Th, Y a Ca. V Specifickych pripadoch mazelHP monazit vyrazne obohateny aj
o Sr (Sr-cheralitovou molekulou), ktoré pochadaazioZzeného plagioklasu (Finger, Krenn
2007). Monazit z pévodne UHP hornin mézet'npaeto zlozitu Struktiru so zachovanymi
UHP jadrami, narastom nieRoych zon obohatenych oY a Th, k okrajom mdZze natas
vel'kos' negativnej Eu anomaligo je vysledkom rastu podielu Zivcov. Aj apatit meni
zloZenie, stratou REE do retrogresného monazitudm Plagioklasu.
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Abstract

Our knowledge of uranyl oxysalts and their crystaémistry made a substantial step
forward during last decades. An approach develapethe fundamental of the bond-valence
theory, so called “the bond-valence approach” megmts a useful tool for evaluation of many
aspects of crystal structures and composition ahylroxysalts. Here, the working example
will be presented in order to show the usabilityref bond-valence approach.

Introduction — the bond-valence theory and the bealénce approach
The bond-valence theory is a well-known approasé fiom the Pauling and the ionic

model. It represents a useful and unique tool, Enp use, but with a profound basis. The
fundamental of the bond-valence theory is the \v@esum rule, the loop rule and the valence
matching principle. The great details of the thewam be found elsewhere (e.g., Brown 2009;
Hawthorne 2012, 2015; Hawthorne and Schindler 2@@8jndler and Hawthorne 2008) and
will not be reviewed here. Here, the two examplesgaven to judge the usability of such an
approach.

Working example — uranyl silicate mineral haiweeite

Haiweeite is a rare Ca-bearing uranyl silicatd fieported from Coso Mountains from
the site near the Haiwee reservoir in Californial8A (McBurney and Murdoch 1959).
Burns (2001) gave the first complex structure dpton of haiweeite providing a description
of a novel type of uranyl-silicate structure shdtspite the lowR-indices given by Burns
(2001) asR: = 4.1% for 1181 unique observed reflections, tlrecstire model contains
several peculiarities. Among others it is a considly distorted [6]-coordinated &acation
and a very low KO content of about 340. It is even larger discrepancy between the acaigin
description which provided 54 and the structure determination. Th&tHand its role in the
structures of the oxysalts in general will not beiewed here; however, it should be noticed
that they are particularly germane for the stabibt their crystal structures. From the above
mentioned reasons a new single-crystal experimastdone on a larger crystal providing us
different results (PIaSil et al. 2013). The diffian patterns suggested presence of
superstructural reflections, doubling one of th@pecal parameterg* following settings of
the unit-cell of Burns (2001), leading to a largemitive cell instead of smaller centered one.
Refinement provided reasonably IoRt = 5.12% for 2498 unique observed reflections
(despite of the weak superstructure reflectionshe©Odetails of the structure refinement are
not substantial except the overalb@® content obtained from the refined structure model
which is 7.5 HO and ideally [8]-coordinated €a

Let’s analyze the case from the bond-valence apbrpaint of view. The [6]-fold
coordination for the C4 presented by Burns (2001) is not unreal, everrge ldistortion.
However, it should be noticed that the bond valemb&ch should be transferred from the
cation to anionic part of the structure, i.e. stuual (sheet) unit, is considerably high (LA for
such®®lCa* and 3 HO + 2 OH ~0.22/u). According to the bond-valence calculations (@ee
so-called “bond-valence distribution factdd}; Schindler and Hawthorne 2008), in such case
of coordination, there should be at least five sfarmer HO groups, giving arise of about 9
H20 in such crystal structure. The [8]-fold coordinatfor the C&" is much more likely in
case of unstrained solid-state compound. The Lewis strength of such coordination
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polyhedra as found in haiweeite is then ~O/ibwhich is much likely value. The calculated
number of HO is 8, comprising 4 transformer and 4 otheOHjroups which is in line with
the structure model.

Conclusions
The so-called “bond-valence approach” represergeduliand unique tool to evaluate
crystal-chemical features of the crystal structaed validity of the structure models.
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Abstrakt

An interesting U (+Cu) mineralization is bound t@ndstone and arkoses of Spania
Dolina strata (Permian age) at the Selce villagar Banska Bystrica (Veporicum Unit). In
the studied samples two generation of uraninite pyiite were found. Except of these
minerals chalcopyrite, tetrahedrite, marcasitegga| arsenopyrite, covellite, limonite, zircon,
tourmaline, molybdenite, ilmenite amdlated Fe-Ti-O phase were identified by microscopi
examination. X-ray powder diffraction analysis wased to detectt uranophane, jarosite,
metasaleéite and boltwoodite (?). Malachitejranophane, boltwoodite (?) and jarosite were
identified by Raman spectroscopy. The U mineraliratbelongs to the group of
Tabular/Peneconcordant U Deposits, respectivelyeioosits of Salt Wash type.

Vysledky

Vyskyt U mineralizacie je situovany cca 2,3 km nad/ Spanej Doliny, 1,4 km SSZ
od koty Setiansky diel (kota 935 m. n. m.) a 140 m JZ od k&1$ m. n. n. v nadmorskej
vySke cca 760 m. GPS suradnice lokality su N 488X%; E 19° 9,934".

Geologicky prieskum lokality tu prebehol ¢@s rokov 1953-1955, 1961 a 1970
(Tréger 1961; Novotny 1970). Zrudnenie bolo vysketeé vrtnymi pracami vidke 300 m,

v smere ZSZ-VJV. Sirka zrudneného pasma je priel®0 m. Samotné rudné $oSovky maju
hrabku 0,1-0,5 m, ich predpokladandZl je max. do 10 m. Mineralizacia vystupuje
v sivozelenych stredno az hrubozrnnych arkozacieskpvcoch permského Spadolinského
suvrstvia veporika (Vozarova a Vozar 1988) ajeespgdzand menej vyraznou Cu
mineralizaciou (Rojkowi a Novotny 1993). Horniny su v slabSom stupni agin
dynamometamorfovanép sa prejavuje tvorbou vyraznej metamorfnej klivé@avrstvie tu
ma priebeh v smere V — Z, so sklonom 30 — 50° n&i&m metamorfna klivaz sa ukla k J
(Novotny 1970). Pokth prac Novotného (1970) a Rojkoéaia Novotného (1993) je primarna
U-Cu mineralizicia tvorena uraninitom, pyritom, o@yritom a tetraedritom. Oxidaa
zbna je reprezentovana zeuneritom, torbernitom,thifoen, malachitom a azuritom.
Z akcesorickych mineralov su na lokalite pritomngmalin, zirkdn, leukoxén a apatit.
Okolité horniny su postihnuté sericitizaciou, karatizaciou a pyritizaciou.

Zo zrudnenych vzoriek boli najprv vyhotovené autiimgramy. Z mineralizovanych
¢asti jednotlivych vzoriek boli ndsledne vyhotovdestené vybrusy, ktoré boli pozorované
v prechadzajucom iodrazenom svetle. Supergénneerétyn boli podrobené RTG
difraktometrickej prédsSkovej analyze a Ramanovejkspskopii. Obsahy U, Th a K boli
orienta&ne zistené gamaspektrometrom.

V naplavoch potoka sU nahromadené mierne aZ strexpracované zrudnené
aj nezrudnené horniny (miestami balvany do 1 mierpere), ktoré sa do neho sutia z
okolitych svahov doliny. Supergénne premenené raliz@wvané horniny su charakteristické
hnedym aleb@ervenkastym sfarbenim, spésobenym drobnymi zhldknonitu v dutinach
hornin, alebo jeho povlakmi na plohach puklin aametrfnej foliacie. V rovnakej pozicii boli
menej ¢asto zistené sekundarne minerdly uranu. Gamaspeddrom zisteny priemerny
obsah U v strednozrnnych az hrubozrnnych arkozad08 ppm (max. 207), Th 7 ppm a K
0,58 %.
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Distribtciu U mineralizacie (primarnych aj sekundgh U minerdlov) mozno na
zéklade autoradiogramov rozdelilo nasledovnych typov a podtypol) mineralizacia s
pravidelnou distribaciou U minerélov(obr. 1) — ich akumuldcie su usmernené ljaod
alpinskej metamorfnej foliacie) mineralizacia s nepravidelnou distribaciou U manalov
(obr. 2) — akumulacie U mineralov tvoria nepravigel zhluky v tmele hornin, bez
ovplyvnenia klivAzou a vyplne tenkych puklin aledatin v hornine po vyliuhovanych
horninotvornych mineréloch.

Mineralna asociacia primarnych rad je charaktexksti prerastanim uraninitu (2
generacie) a pyritu (2 generéacie), ktoré sucasigjSie sprevadzané tetraedritom a/alebo
chalkopyritom. Okrem tychto boli zistené aj iné nparne mineraly: galenit, markazit a
arzenopyrit. Spomedzi uvedenych mineralov mali d@miné zastUpenie pyrit, uraninit a
chalkopyrit. Menej su rozSirené tetraedrit a maitkagiedinele boli zistené molybdenit,
scheelit, arzenopyrit a galenit.

Akcesorické mineraly su reprezentované Fe-Ti oxi@witSinou leukoxenizovaneg),
konkrétne ilmenitom resp. pribuznymi Fe-Ti-O fazarmiurmaliny boli zistené len v
jemnozrnnych pieskovcoch, apatit a zirkdn vystupako v hrubozrnnych arkézach tak aj
v jemnozrnnych pieskovcoch.

Zo sekundarnych U mineralov sa ¢egtejSie vyskytujew uranofan v tesnej asociacii
s boltwooditom (?). ZastUpenie boltwooditu (?) @iva uranofanu mensSiea(uranofan :
boltwoodit cca 3:2). Tieto mineraly s@asto intimne prerastaju a su sprevadzané hojnym
malachitom, Mn oxidmi a limonitom. Metasaleeit hdentifikovany len v jednej vzorke.
Vystupuje v asociacii s jarositom, menej s limomito

SLD 28/A SLD 9/B

2 cm

Obr. 1: Textlra a autoradiogram vzorky. Obr. 2: Textlra a autoradiogram vzorky.
ChudobnejSia U mineralizacia s pravidelnou U mineralizacia je nerovnomerne rozptylena v tmele
distribiciou U mineralov — akumulacie su usmernel  horniny. V strednefasti vidno bohattl akumulaciu

pod’a metamorfnej foliacie. Hostitgkou horninou je U reprezentovan( uraninitom, ktory prerasta
jemnozrnny az strednozrnny pieskovec. Radioaktiv s pyritom. U mineralizacia sa nachadza aj v Zilkach
vzorky je 240 nGy/hod. s Mn oxidmi. Hostitkskou horninou je strednozrnna

arkdza. Radioaktivita vzorky je 766 nGy/t
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Pre U mineralizaciu pri Selciach je charakterishicksociacia hlavnych primarnych
mineralov: uraninit, chalkopyrit, tetraedrit, pyrdt markazit. Lokalizovana je v permskych
stredno az hrubozrnnych arkézach, menej pieskoydoeh pritomnosti organickej hmoty.
Molybdenit, ktory je lokalne dolezitym sprievodcoid rad, bol zisteny iba ojedinele.
Samotné zrudnenie tvori SoSovkovité telesa.

Pod’a Dahlkampa (2009) je mozné zaradilto mineralizaciu ku skupine tzv.
tabwovitych penekonkordantnych loZzisk uranu, konkrétthe podskupiny fluvidlnych
kontinentalnych lozisk U a V (typ Salt Wash). Tistovyskytuju vo fluvialnych sedimentoch,
ktoré su stag’ou ,red beds" typu sedimentacie. Zisteny obsah Malalite Selce sa
pohybuje v rozpati (30 — 190 ppm), zéti@ obsah Mo dosahuje max. 2 ppm (RojKovi
a Novotny 1993).

Z hradiska rozdelenia U mineralizacie na Slovensku K&o¢ 1997) predstavuje
vyskyt pri Selciach U-Cu typ stratiformnej minegdcie. Uvedeny typ mineralizacie (avSak
viazany na organogénny detrit) je rozSireny v p&gis sedimentoch hronika v Nizkych
Tatrach na lokalitach Ipoltica a Chmelienec (DrnZiR69) a v Malych Karpatoch pri
Smoleniciach a LoSonci (Rojkavl. c.). Obdobny typ mineralizacie (tzv. dwmaté pieskovce)
vystupuje v severogemeridnom perme Vv SirSom okobivdVeskej huty, a pri Stratenej
(Grecula et al. 1995). U-Mo typ mineralizacie |e addkteristicky pre permské
vulkanosedimentarne komplexy gemerika (NovoveskéaHguriskova...) a tatrika (Kalnica,
Selec).

Textary rud, ako aj pritomnésdvoch generacii uraninitu nazwngl v sulade so
Studiom Rojkouwta a Novotného (1993), Ze povodna permska minecaizbola pdas
alpinskej orogenézy remobilizovand, za vzniku b&ilcat akumulacii U. Pokfaide o zdroj
tohto prvku pre mineralizaciu, existuju dva mozaéope. Vasina uranu sa pravdepodpobne
uvolnila z klastov ortordl a migmatitov starohorskéhgstalinika (prirodzena radioaktivita
migmatitov 270 nGy/h; Polak a Ferenc 2014), v zeydbvotného a Badara (1971). Ako
mozny zdroj U prichddzaju do Uvahy telesa acidnyalkanoklastik, ktoré sa nachadzaju
v ramci Spéodolinského suvrstvia aj v blizkosti Skelnskej doliny (Polak et al. 2003),
pricom urdn mohol byuvalneny pri devitrifikacii vulkanického skla (sensujikavi¢ 1990).

Primarna mineralizacia na vyskyte je do istej migrgstihnuta supergénnymi
procesmi. Zistené boli dve paragenézy sekundarmyahovych minerélov. Fosfat uranylu
metasaleeit vystupuje spdle s jarositom (+limonit) a silikaty uranylu e uranofan
a boltwoodit (?) sa vyskytuju spélee s Mn oxidmi, malachitom a limonitom. Vyskyt
metasaleeitu (+jarositu) poukazuje na pritoninlogalne kyslého zvetravacieho prostredia,
zabezpé&ené hojnym zastlpenim pyritu, pripadne inych solfig zvetravajacich U rudach.
Faktor doélezitosti zastupenia sulfidov na loziskgahujucom U mineraly pri geochemickych
pochodoch v supergénnych podmienkach vyzdvihupdirapgradov (1963). Silikaty uranylu
sa tvoria predovSetkym preto, Ze koncentracie Vohkalite su zastupené nizkymi hodnotami
(Chernikov 1981) a cirkulujuce roztoky boli obohadeo Si.

Zaver

Vyskyt U-Cu mineralizacie pri Selciach vystupuj@ieskovoch a arkézach pestrého
Spaiodolinského suavrstvia veporika (perm). Mineralizacreprezentuju z primarnych
mineralov uraninit (2. generacie), pyrit (2. gerggd, chalkopyrit, tetraedrit, markazit, galenit
a arzenopyrit. Sekundarnu mineralizaciu zastupu@laaiit, Mn oxidy, azuritg uranofan,
limonit, boltwoodit (?), jarosit, metasaleeit, terhit a zeuneritZ akcesorii su pritomné:
turmalin, zirkon, apatit, leukoxén, molybdenit, selit, iimenit a blizSie neidentifikované Fe-
Ti-O fazy. Mineralizacia patri do skupiny tzv. tdbuitych penekonkordantnych lozisk U
(podskupina loZisk typu Salt Wash). Pévodna (pddnmiineralizacia bola gas alpinskych
orogénnych procesov remobilizovari®, malo za nasledok vznik bohatSich akumulacii U.
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Zdrojom U bolo s naju#&ou pravdepodobntisu bul’ starohorské krysStalinikum alebo teleso
acidnych permskych vulkanoklastik, ktoré sa nachadalizkosti lokality.
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Abstrakt

Prispevok sa zaobera charakteristikou fazovéhenleznebezpmého odpadu, ktory
vznika pri sp#ovani mechanického a biologického kalu vI®pai kalov. Mechanicky
a biologicky kal vznika v proceséstenia chemicky zrigstenych odpadovych vod a jeho
nasledna likvidacia je zabez& na podnikovej Spavni kalov. DodrZzanie prisnych
emisnych limitov je zabezpené prostrednictvom Stvor-stiqve] technologie na&istenie
spalin. Produktontistenia spalin je tuhy odpad — pofEk. Vzorky vybrané pre Studium
fazového zloZzenia boli skimané na zaklade rtg.akiifrej spektroskopie za pouZitia
vnutorného Standardu. Rtg. diftaly zaznam reprezentativnej vzorky pagia ma pomerne
vysoké pozadie zodpovedajuce vysokému podielu arepfézy (amorfné sklo + nespalena
organicka hmota). N&astejSou fazou vo vzorke je gehlenit, nasleduje heagt, hematit
a thenardit.

Uvod

Patas spracovania ropy a jednotlivych technologickymibcesov vznikaju ako
nepriame dosledkyinnosti emisie zn&stujucich latok unikajuce do vod, ovzduSia, ale
aj zvySend tvorba nebezpeho odpadu (Polc a Mika, 2011). Cistenie chemicky
zneistenych odpadovych vod z petrochemického kompBk@OVNAFT, a.s. Bratislava je
zabezpe&ené prostrednictvom mechanicko-chemicko-biologiakisjiarne odpadovych véd,
pricom likvidacia vzniknutého kalu je zabezpea prostrednictvom podnikove] $pane
kalov. Prispevok sa zaobera mineralogickou charigkiteou odpadu, ktory predstavuje tuhy
odpad zistenia dymovych plynov tzv. ,popik*”, vznikajuci ako produktistenia odplynov
pri spdovani nebezpmych odpadov. V zmysle vyhlasky MZP SR84/2001 Z.z. v zneni
neskorsSich zmien adopinkov, ktorou sa ustanovugal@g odpadov, je popak
kategorizovany ako odpad pod katalogovyislom 19 01 07 — tuhy odpadcistenia
dymovych plynov, kategorie N. Roa produkcia popéeka sa pohybuje na urovni cca 650 t/
rok (Polc et al. 2013).

Technoldgia spéovania upraveného kaludstenia spalin
Technologia spavania upraveného kalu (cca 20 % zmesny kal) jelglena do

dvoch samostatnych technologickych celkov. Prvietogicky celok predstavuje etazova
pec F5101 s 6smimi podlaziami. Zmesny kal je karitine davkovany na vrchné podlazie,
kde je kal postupne zohrievany a nasledne pomodutiaczich lopatiek posuvany po
jednotlivych podlaziach. Vyslednym produktom terkacoxidacie je popol a Skvara. Spaliny
vznikajuce predovsetkym sfvanim kalov na dolnych etdZzach (Stvrta, piateeatd) pradia
cez etdZze smerom hore, proti pridu pohybu kalulZisslako suSiace médium pre suSenie
kalu.

Spaliny vystupuju z etdZzovej pece spalinovodom omiandj etazi a vstupuju do druhého
technologického stufa — dohorievacia komora F5202. P&sobenim vysolk@ptie v peci
(min. 800°C), optimalizovanymi podmienkami prudewidohorievacej komore, dostatmu
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zdrznou dobou (min. 2s) a dost&iou koncentracou kyslika v djswacej komore je zaistené,
Ze vSetky spalitné latky buda termicky rozloZzené a spélené predaflostim vystupu
z komory. Technoldgid@istenia spalin sa sklada zo Styroch zakladnychnstugGéci, M.,
2013):

1. Selektivna nekatalyticka redukcia NCSENCR)
Na znizenie koncentracie NOx v spalinach sa pouBMCR technoldgia, zalozena na
vstrekovani redulnéhocinidla do spalin v priestore dohorievacej komorge ke optimalna
teplota potrebna pre priebeh denitritikgich reakcii. Winkom reduknéhoginidla st oxidy
dusika, ktoré vznikaju pri spavacom procese, rozloZzené na elementarny dusikléky

2. Such&istenie spalin (sucha sorpcia)
Na odstranenie kyslych zloziek (HCI, HF, SOx) zalgp sa pouziva hydrogénutitan
sodny. Davkovanie je riadené v zavislosti na kotréen kyslych zloziek na vstupe do
komina. Vlastné chemické reakcie (neutralizacialsogpcia) prebiehaju v spalinovodoch a
v kontaktore, ktory zai%lje, aby doba styku sorbentov so spalinami zodpalaetechno-
logickym poziadavkam.

3. Membranova filtracia
Podstatou membranovej filtracie je odstranenie hpreygch castic. Spaliny z kontaktoru
obsahuju zn&ny podiel prachovyckiastic, najma popdtk zo splovacieho procesu, ale tiez
produkty predchadzajuceho siigp cistenia suchej sorpcie. lde o soli vzniknuté pri
neutralizacii kyslych zloziek spalidjastaine zreagovany sorbent - bikarbonat sodny a tiez
druhy zmesovy sorbent.

4. Katalyticky rozklad dioxinov

RieSenie sp@iva v pouZziti Specialneho filtaého materidlu (tkaniny), ktord tvori
mikroporézna membrana na povrchu s nosnotoplsMembrana i vlakna plsti su zhotovené
z expandovaného polytetrafluoroetylénu (ePTFE)réktel chemicky stabilné a odolné.
Samotnd membrana obsahudjastaky katalyzatora na baze Ws/TiO2. Tento katalyzator
zabezpeéuje, Ze v spalinach prechadzajucich cez nosniifflsacného materialu a zaroie
cez katalyzator, budu rozlozené latky typu dioximowuranov (skratene PCDD/PCDF) na
elementarne ziteniny.

Metodika

Vzorky v mnozstve 1 g boli zmieSané s 0,25 gQAl(vnatorny Standard), precély
kvantitativneho vyhodnotenia rtg. difiakych zdznamov. Zmes bola nasledne vloZzen& do
kontajnera s korundovymi wakmi, spolu so 4 ml denaturovaného liehu. Po déidad
pretrepani sa kontajner vlozil do Specialneho migMaCrone Micronizing Mill) a vzorky
boli mleté 5 minut na vyslednu frakciu 20n. Zo vzoriek boli nasledne vyhotovené rtg.
difrakéné z&znamy na difraktometri typu Philips PW 1710ed@gicky Ustav, SAV).
Zaznamy boli vyhodnotené a sptegsané Rietveldovou metddou v programe X'Pert
HighScore (Plus). Snimky zo skenovacieho elektréhovmikroskopu boli vyhotovené v
laboratoriu CLEOM PriF UK v Bratislave na pristrdfeOL JXA-840A.

Vysledky a diskusia

Rtg. difralkéiny zaznam Studovanej vzorky ma pomerne vysoké pezsm poukazuje
na pritomnogé amorfnych faz (23,1 hm. %), ktoré mdézutbtvorené sklom (Obr. 1)
(Bayuseno et al., 2010), prip. nespalenou organichmotou (Chimenos et al., 1999).
Najvyssi podiel vo vzorkach (Tab. 1) predstavujayf@ehlenit (46,9 hm. %) a maghemit
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(12,7 hm. %), vyznamny je tiez podiel hematitu (6.%) a thenarditu (6 hm. %). Hematit bol
opisany ako stag’ podobnych vzoriek viacerymi autormi (Bayusenolgt2910; Bodénan et
al., 2010; Chimenos et al., 1999; Vassilev eti99). Kremé& ma nizSie zastupenie (3 hm.
%), nasleduje brukeit (1,7 hm. %), anhydrit (0,5. B a melilit (0,1 hm. %). Vyskyt melilitu
vo vzorkach popola bol opisany autormi Bayuseral.€2010). Pritomnasidentifikovanych
mineralov odraza celkové chemické zloZzenie danejkyz v ktorej dominantné zastlpenie
ma& Na (31,97 %), sirany (30,39 %), $i@,67 %), Fe (3,49 %), Ca (2,94 %), chloridy (0,7
%). Zo stopovych prvkov sa vo zvy3enom obsahu detekZn (0,97 %), Cu 328 (mg.Kya
Pb (0,25 %).

Tab. 1. Percentualne zastupenie hlavnych faz vikkezmpoteka (vzorka 07).

Identifikované fazy (hm. %)
gehlenit CaAl(AISi)O~ 46,9
hematit FeOs 6,0
maghemity-FeOs 12,7
kremeai SiO, 3,0
thenardit NaSOQy 6,0
melilit (Ca,Na}(Al,Mg,Fe)(Si,AlO; 0,1
anhydrit CaS®@ 0,5
burkeit Na(COs)(SOs)2 1,7
amorfny zvySok 23,1
total 100,0

' 3R ;
i . — 100 pm —i popolcek HV:15kV MAG:550x WD:38mm SE

e Tk
popolcek HV:15kV MAG:200x WD:39mm SE

Obr. 1. SEM snimky pop@ka zo spéovania nebezp@ého odpadu znazaujluce dve
najvyznamnejSie zastlpené zlozky: amorfna fazyst&ly gehlenitu.
Zaver
Fazové zlozenie poptka odraza celkové chemické zlozenie vstupujuciaterialov
do procesu sgavania, prfom hlavné fazy predstavuju asociécie, ktoré boliopisané
v literatire pri podobnych vzorkach. Vysoké pozadie rtg. difraknom zazname je
spbsobené pritomntsu amorfnych faz, ktoré sa pkalndsho nazoru tvorené sklom.
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Abstract

Garnet-bearing exsolution lamellae, symplectited aoronas were found in
clinopyroxenite dikes crosscutting a harzburgitee3e various break-down textures formed
in original magmatic high-tschermakite clinopyrogsrdue to eclogite-facies metamorphism.

Introduction, geological setting and methodology

The Austroalpine Sieggraben eclogite-bearing stirattcomplex at the south-eastern
margin of the Eastern Alps contains fragments ofaruétramafics. It is typically exposed
near Sieggraben village and was accordingly caledSieggraben structural complex (SSC,
Putis et al. 2000, 2002). Tollmann (1980) consideesSSC as a representative for the middle
part of the Austroalpine tectonic unit in the East@lps. Analogous parts of the Austroalpine
Unit show similar Alpine tectono-metamorphic ovempr (Thoni and Jagoutz, 1993;
Dallmeyer et al., 1996; Kurz and Froitzheim, 200R¢trological and geothermobarometric
data, including the evolutionary P-T pathway of 8&C was suggested by Putis et al. (2002)
and Kromel et al. (2011); petrography and minetanaistry of the meta-harzburgites was
reported by Hrvanoviet al. (2014) from the area of Sieggraben and Schembach.

The formation of garnet in pyroxene is enabled gy presence of the tschermakite
component in the initial pyroxene (Herzberg, 197®)de et al. (1993) explain the garnet
exsolution through the removal of the Tschermak pament of pyroxene, as the solubility of
the Tschermak component in pyroxene decreasesimgtieasing pressure and decreasing
temperature (e.g., Gasparik, 1990). Garnet-beaksgplution textures have been found in
pyroxenitic and websteritic xenoliths in kimberitgAlifirova et al., 2012), but also in
eclogitic complexes (e.g., Lappin, 1973; Soboled &hatsky, 1990; Zhang and Liou, 2003;
Janak et al., 2006; Faryad et al., 2009).

This work provides information on the texturallyweise exsolution, symplectite and
corona textures in mantle rocks pyroxenes and piaed newly-formed amphiboles as well,
in studied meta-clinopyroxenite dikes from a hostarharzburgite associated with eclogites
in the area between Steinbach and Gschorrholzgeslan SE Austria (continuation of the
SSC).

PL microscopy and EMPA (Cameca SX-100) were thenmasearch methods of the host and
break-down phases. The WhR chemical compositionfaasd by XRF and by calculating
from modal mineral analyses. P-T conditions wergmeded by the chosen conventional
geothermobarometers in combination with the Pebpkend Thermocalc software packages.

Description of exsolution, symplectite and coroertures, and estimated P-T conditions

We suppose that studied partly rodingitized dikesenclino-pyroxenites originally,
representing a higher degree (ca. 25-30%) melting lberzolite in the upper mantle in the
spinel stability field. The thickness of dikes, ssoutting the host harzburgite, varies from a
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few to 30 cm. The inferred pyroxenite dike was cosgal of magmatic high-Ts Cpx0 and Al-
rich Cr-poor Spl0. Magmatic Cpx0 contained arousdwt.% AkLOz and 1 to 2 wt.% Ti@
according to reconstructed bulk composition fromEM(20-30 um beam) using Cpx-Grt
symplectites in metamorphic Cpx1l rims (50% of Cmd &0% of Grt). High-Al Cpx1
porphyroblasts (mostly 6-12 wt.% &) and usually more than 1 wt.% TiCare considered
to have been formed from the pre-cursor Cpx0. R&tcocted bulk composition of Spl0 from
EMPA (10-30 pum beam) using Spll lamellar parts (59%ale, Ti-rich, and 50% of dark Spl
parts) shows that SplO contained approximately.20WtiO,.

The main pressure interval of the Cpx0 magmatic @ége) crystallization was
calculated from 17.6 to 17.2 £ 2 kbar using Cpxobater (Nimis, 1995). The Cpx0
crystallization temperatures were estimated frord0l® 1150 + 30°C for the calculated
pressures according to single Cpx thermometer (Nemnid Taylor, 2000). The basic Cpx0-
SplO structure was transposed to metamorphic CgpklL-$Sructure, the remnants of which are
still observable.

Central parts of some Cpx1 porphyroblasts exhipitto three systems of Ti-Spl
exsolution lamellae, containing 6.02-8.76 wt.% ZFi@oarse-grained Spll shows Ti-Spl
exsolution lamellae containg around 5 wt.% Fi0i-Spl exsolution lamellae (5.0-9.07 wt.%
TiO2) in Amp1(Mg-Hbl) porphyroblasts are “crosscut’/érsed by low-Al Cpx exsolution
lamellae, or the latter often grew within the saystems as the older Ti-Spl lamellae.

A Ti-Spl corona (5.0-9.35 wt.% Tip is often developed around Spll. This corona
indicates continuing metamorphic recrystallizatadrSpll. Ti-Spl lath aggregates grew from
the Spll core outward due to metamorphic recryssibn of the exsolved Spll. Therefore
the Ti-Spl and/or Spll inclusions are common in Gtonas around Spll. Garnet from
corona often ingrows Spll according to Ti-Spl entioh lamellae systems in the Spll core.

The pre-peak metamorphic stage included the foonatf marginal reactional (black-
wall) Amp-rich zones more or less symmetricallylesmg the inner Cpx-rich zone. Thus we
can distinguish two compositionally different preait metamorphic assemblages in a Cpx
dike: the inner Zone (I), composed of high-Al Cpxéhd Spl(1), £+ Amp1(Mg-Hbl), + Zo; the
marginal Zone (ll), composed of Mg-Hbl and Zo, +Chxand Spl(1).

Characteristic peak metamorphic textures are obbvin Zone |, representing the
D1 eclogite facies metamorphic stage. The followsngnatures of still high-Ts Cpx1 are
most likely related to compressional D1 burial peakditions: low-Al Cpx1 rims; low-Al
Cpx2 matrix blasts; Amp(Prg to Sdg), Dol and Rt/lemsolution lamellae in Cpx1; Grt
exsolution lamellae in Cpx1; Grt—lower-Al Cpx syraglites in Cpx1 rims; Grt coronas
around Cpx1, Spll and Zo; Grt blasts with Ky (xCp®) inclusions.

Characteristic peak metamorphic textures are alsgergable in Zone Il, again
representing the D1 eclogite facies metamorphigestihe following signatures are related to
compressional breakdown of Amp1 (mostly 8-18 wt.?404 and usually more than 0.5 wt.%
TiO2): Ampl (Mg-Hbl to Prg) zonal porphyroblasts; low-£px exsolution lamellae in
Ampl (Mg-Hbl) cores; low-Al Cpx(2) matrix blastsi/Rm exsolution lamellae in Amp1l; Grt
exsolution lamellae in Ampl; Grt-Amp symplectites Ampl rims; Grt coronas around
Ampl, Spll and Zo; Grt blasts with Ky inclusions.

D2 granulite facies metamorphic stage is suggdsyesiymplectitic Spl(2) after Grt in
both zones, indicating an exhumation metamorph&guglibration in a subduction channel.
D3 amphibolite- to greenschist facies metamorpkgemblage reflects already an orogenic
wedge conditions: Ep-Amp3(Tr)-Ttn-Grt (Grs-rich)ronas around Cpx1; Mg-Chl, Ep/Czo,
Ttn, Ap, CI-Ap, Mag, £Tur, Sr-rich Ep and high-CdnAEp exsolution lamellae in Cpx1,;

Carb (Cal).
These principal metamorphic processes are inféar&dve occurred in Zone | and Il:
Ts-CpXQ19.85-21.96 mol.% Tsh SPI0 = TS-CpX-12 wt.% AI203: > 1 wt.% Tio2)t Spll (1)
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Ts-Cpx1 + Spll + fluids—> low-Al Cpx2 + Prp-Alm-rich Grtl + Zo + Rt/lim + Ky Dol

(newly-formed D1 peak exsolution, symplectite, ca@@nd matrix phases) (2)
Ampl + Spll + fluids—» Amp2 + Prp-Alm-rich Grtl + low-Cpx2 + Rt/lim + Ky
(newly-formed D1 peak exsolution, symplectite, ca@@nd matrix phases) 3)
Prp-Alm-rich Grtl— Spl2 (D2 exhumation) 4)
Rt/lim — Ttn (D2 exhumation) (5)
low-Al Cpx2 + Zo + Spl + Prp-Alm Grtl(relics}» Grs-rich Grt2 + (Sr, REE) Ep + Hbl to Tr
+ Mg-Chl + CI-Ap + Mag (D3 exhumation) (6)

The peak D1 burial conditions at ~830°C and 22 klzerd the D2 exhumation
conditions at ~750°C and 14 kbar were foundH®&rple_Xmodeling. Thermocalcyielded
825°C and 27.5 kbar for the D1, 790°C and 14.5 ktwathe D2, and 710°C and 11 kbar, or
615°C and 8.5 kbar for the D3 stages.

Discussion and conclusions

The meta-clinopyroxenite dikes contain various &xsmns, symplectites and coronas,
including the Grt-bearing. There, the coarse-gidispinel (Spl0) could have crystallized
simultaneously with clinopyroxene (Cpx0) from aguaal pyroxenitic melt. The co-existence
of Grt and Spl (Spl replacement by Grt, and back)gests pressure (~10-20 kbar) changing
across the Spl-Grt transition zone (e.g., Klemn@@42 in a wider T interval (~1250-700°C).
Reconstructed Cpx0 compositions from Cpx1l show W8B&n47-55Fs17-27 variations
and relatively high Ti@ concentrations (up to 2 wt.%). Compared to measCexl
composition (8.31-18.97 mol.%), the reconstructgk@shows higher tschermakite (19.85-
21.96 mol.%) content. The “daughter” phases as xgyre(1), zoisite, garnet, oxide and
kyanite are considered to represent the breakdaowaupts of an initial Cpx0 that contained
significant portions of Ts.

Dry ultramafics underwent hydration most likely am interface between a mantle
wedge and a subduction channel due to metamorphidsfreleased from the being
metamorphosed subducted continental rock fragménssimportant to notice that hydration
of subducted mantle fragments occurred in HP angbikeéb to eclogite facies (pre-peak D1-1
stage) and was accompanied by the formation ajutegly dispersed Mg-Hbl and Zo in the
inner Cpx-rich dike zone, and by the formation t#ck-wall Mg-Hbl to Prg rich marginal
zone in these dikes.

Ti-Spl exsolution lamellae are observable not omyCpx1l and Spll, but also in
Ampl(Mg-Hbl to Prg) porphyroblasts. They suggesbhld-solution breakdown of Cpx, Spl
and Amp most likely during an advanced pre-peak2lstage subductional burial. Spinell
contains Ti-spinel exsolution lamellae usually anpanied by Ilm and Ti-Mag exsolutions.
limenite, titano-magnetite and Cr-Al-Fespinel asscociation can be a result of exsolution
Ti-bearing spinel during cooling by oxidation prese(Buddington and Lindsley, 1964;
Irvine, 1974).

The D1-2 stage of subductional burial of the stddieantle fragments can also be
documented by Spll recrystallization into Ti-Sptartas and/or lath-shape aggregate coronas
around Spl1.

This process was changed for the Grt exsolutiorCjx1, formation of Grt-Cpx
symplectites in Cpx1l rim, Grt coronas around Spill along Cpx1-Spll or Cpxl-Zo
interfaces during the peak D1-3 subductional buwstabge (ca. 800-830°C and 22-28 kbar).
The measured Cpx(1) porphyroblasts are still tsohkite-rich (8.31-18.97 mol.%), and this
evidence supports the explanation that garnets emaplve from a relatively tschermakite
(Ts)-rich initial pyroxene (e.g., Ts-Cpx0 = Cpx1+8€y) during temperature decrease and
pressure increase (e.g., Jerde et al., 1993) thddl e a scenario in an inferred subduction
zone. The reported D1-1 to D1-3 textural changesgand indicator that ultramafic complex
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of Spl harzburgites, crosscut by pyroxenite dikeas most likely detached from a mantle
wedge by a subducting slab and subjected to eeldaties metamorphism in a subduction
channel. Garnet replacement by symplectitic SEéJ)ms to be a reliable indicator of the D2
exhumation decompression at high temperatures8@.750°C and 16-14 kbar). The D3
stage occurred in an accretionary wedge.
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Abstract

New LA-ICP-MS multielement mineral patterns (Ol,XQ&px, Ctl, Chl, Ep, Adr-
Grt) from serpentinized and rodingitized harzbwgitomains in DobSina quarry (Meliata
Unit, Western Carpathians, Slovakia) are compardd-ICP—-MS perovskite patterns. They
show a distinct enrichment in LREE, Cs, Be, U, N@'a, As, Sh, +Pb, supporting a model of
perovskite genesis related to hydration processaa accretionary wedge.

Introduction, geological setting and methodology

Perovskite has been rarely reported in medium tetdemperature reaction or
rodingitization domains in greenschist or blueschis eclogite facies metamorphic rocks
(Muntener and Hermann, 1994; Radvanec, 2009; Msilveit al., 2012; PutiS et al., 2012).
Herein, we review our recently published whole rd@kF/ICP—MS data on harzburgite host,
mineralogical—petrological data on metamorphic—s@tzatic perovskite from the Western
Carpathians Meliata Unit (Slovakia), including tdéb SIMS and LA-ICP-MS ages and Nd
isotopes (Putis et al., 2012, 2014, 2015; Li et24114).

New data concern origin of harzburgite host usimg mineral (Ol, Opx, Cpx, Spl)
chemical composition diagrams. New LA-ICP-MS eletae(REE, LILE, HFSE) mineral
patterns from serpentinized and rodingitized hargibel are compared to LA-ICP-MS
elemental perovskite patterns. Similar perovskyiges seem to be suitable constraints of
hydration processes in accretionary wedges (Brariziaoy).

The Western Carpathians form a collisional orogdmett subdivided into Outer,
Central and Inner Western Carpathians (PlaSienkal.etl997); the IWC include Meliata
tectonic unit thrust over the Central Western Cinipas Gemeric Unit, in turn overlain by
the Tuha and Silica nappes. The perovskite-bearing semeed harzburgite blocks
described herein belong to a mélange complex oMébkata tectonic unit (Putis et al., 2012,
2014).

Review of previous results

Perovskite (Prv) was discovered in abyssal haritasrgfrom a "mélange" type
blueschist-bearing accretionary wedge of the Wiest€arpathians (the Meliata Unit,
Slovakia). Specific position of Prv in serpentirdzand rodingitized parts of harzburgite
fragments infers a fluid-rock interaction respofesifor two Prv generations. Perovskite (1)
formed in serpentinized orthopyroxene (@pxporphyroclasts, often accompanied by
andradite clusters. A grain scale metasomatic nmestmamight have partitioned Ca and Ti
from the host Opx, spinel (Ti) and grain-boundaeyvasive LREE(Ce,La), G4 Ti/lFe** -
enriched aqueous fluids to Prv. Perovskite (2) ocaua few cm wide chlorite-rich blackwall
zone separating serpentinite and rodingite vetralsb occurs in rodingite veins, ingrown by
chlorite and apatite, and surrounded by a typiodingite mineral assemblage of diopside,
andradite, vesuvianite, epidote/zoisite, apatitk @norite. Perovskite (1 and 2) is replaced by
pyrophanite along the grain rims and interiors nligsly by fluid-aided coupled dissolution—
reprecipitation at increased Si—-Fe—Mn-Al elementulsbty in rodingitization fluids
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pervading serpentinized harzburgite. Both Prv gaties (mainly Prv 2) are partly to almost
totally replaced by Adr.

The bulk-rock trace-element patterns suggest emect in LREE, Ba, Cs, U, Pb, Sb
and Li in comparison with HREE, HFSE, Rb and Srt Bathe LILE shows an increase (Th,
U, Cs and Ba), but the rest suffered a decreasea(RbSr) after serpentinization and/or
rodingitization. Such patterns were interpretec agnsequence of slab-derived metamorphic
fluids (Putis et al., 2012; Li et al., 2014).

We separated metamorphic—metasomatic Prv (1) ahdr¢th serpentinized Opx
porphyroclasts of a harzburgite in order to datgeginization and/or rodingitization. The
U/Pb SIMS concordia ages of Prv (1) from 3 sampéegye from 137+1 Ma to 135+1 Ma,
with mean of 135.6+0.58 Ma, while Prv (2) was dagdl33.7+5.4 Ma (Li et al., 2014).
Perovskite (1) age at ~135+2.0 Ma was determinedAYCP-MS (Putis et al., 2015). The
Prv age (~135 Ma) is interpreted to record theradgon of metamorphic fluids with
harzburgite blocks in the Neotethyan Meliatic atorery wedge. Since Prv (1 and 2) is
younger than the high-pressure metamorphism of tesige, dated at 160-150 Ma
(Dallmeyer et al., 1996), it constrains the exhuamaperiod of harzburgite fragments. Such
negligible age differences imply a relatively sHoréd rodingitization responsible for
crystallization of both Prv generations.

The *Nd/Nd mean value of Prv (1) is 0.512153+0.000017 by-ME—ICP-MS,
thus corresponding to the initialq (t = 135) = -8.2+0.4 (Li et al., 2014). This suggethat
the subducted and dehydrated continental crusttiasnain source of the interactive fluids
which initiated serpentinization and rodingitization the Neotethyan Meliatic accretionary
wedge following closure of the Meliata—Hallstattiaisic to Jurassic oceanic back-arc basin
and the high-pressure/low-temperature metamorpliis2r14 kbar at 450-500°C; Faryad,
1995) dated at ca. 160-150 Ma4r/3°Ar (Dallmeyer et al., 1996).

Origin of harzburgite host

We evaluated modal compositions from a few rel&tiweell preserved samples of
harzburgite cores. The mineral chemical compostiiisarimination diagrams suggest abyssal
peridotites (harzburgites) as a precursor of Paribg serpentinites.

Occurrence of perovskite in serpentinized orthogpgre

Specific position of Prv in serpentinized and ragilized parts of harzburgite
fragments infers a fluid-rock interaction respotssilfior two Prv generations. Perovskite
formation from Opx may be simplified by this infedrmass balance reaction (for LT-MT/LP-
HP conditions):

(Mg,Fe,Ca,TijSixOs + 4H0 = 2(Mg,Fe,Ca)Ti®@+ 2SiGaq + 4h

Perovskite (1) rarely shows twin crystals in Opxgbgyroclasts. The twin planes are
parallel to still recognizable Cpx exsolution latael, most likely (110) plane system of Opx.
Perovskite (2) occurs in a few cm wide chloritérrislackwall zone separating serpentinite
and rodingite veins. It is also characteristic &éotypical rodingite mineral assemblage of
diopside, andradite, vesuvianite, epidote/zoisajgatite and chlorite. Both Prv generations
(mainly Prv 2) are partly replaced by pyrophanitd &ri-)Adr.

LA-ICP-MS and mineral trace element compositions

Our LA-ICP-MS mineral study yields a complex vieWtm@ce element behaviour
during the two stages of rodingitization conneactatth Prv genesis. Hydration of harzburgite
was accompanied by trace element, including REEilityobrhe PM normalized patterns of
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Ol, Opx, Cpx from the relic harzburgite "cores" ahdse of Srp (Ctl), Chl, Ep, (Ti)Adr and
Prv from the rodingitization domains in serpengrdiocument strong mobility of LREE, most
LILE and some other elements. The positive anomaifeCs, U, Ta, Be and Pb in Qpand
Cpx. porphyroclasts and Cpxaggregates (surrounding Qpand rare Cpy are combined
with the negative anomalies of Rb, Ba, Th, Nb anth$hese minerals. Positive anomalies of
the same elements, including Cs, U, Ta, Be, Asa&b Li in typical serpentinization and
rodingitization minerals (Srp, Chl, Prv 1 and 2t &nd Ep), with variable abundances of La,
Ce and Nd, and negative anomalies of Rb, Ba, Th,aNt Sr, suggest crustal fluid
involvement during accretionary wedge metamorphishhis highlights the decisive
contribution of serpentinization and rodingitizatido huge element mobility in the
accretionary wedges. LA-ICP-MS study revealed gtrepletion in LREE from Prv (1) to
Prv (2), and a more typically positive Eu anomaly Prv (2). Our spider diagram depicts
relative enrichment in U, Nb, La, Ce, Pr, Nd, As,Rd and decreased Rb, Ba, Th, Ta, Pb, Sr,
Zr in both Prv generations.

Discussion and conclusions

Radvanec (2009) discovered perovskite in a patgrfeant enclosed in serpentinites at
the Dankova locality, close to DobSina and congiddhat Prv is most likely a product of
ultra-high-pressure metamorphism. PutiS et al. 220hased on geological, mineralogical—
petrological and whole-rock chemical data propaséate-metamorphic origin for Prv related
to serpentinization (Prv 1) and rodingitizationR) in a subduction—accretionary wedge.
Concerning the genetic aspects, Prv (1) does rtrac relic magmatic mineral assemblages
of harzburgite blocks composed of Ol, Opx, Spl aake Cpx. Despite Prv (1) can have
lamellar-cube shape (Putis et al. 2011) it wasfoohd as a late magmatic exsolution phase
besides Cpx exsolution lamellae in porphyrocla@mx:. In case of considered potential
magmatic origin, Prv would have most likely subgetto dissolution, similar to magmatic
Opx1. by the effect of Ca-(Ti) poor aqueous serpenttiozefluids, as a potential source of Ca
(and Ti) for evolving rodingitization. Perovskiteoes not belong to HP metamorphic
assemblage registered exclusively from the relptiveell preserved (only weakly
serpentinized) harzburgite “cores”. However, thesges” are good indicators of Prv (1) in a
narrow zone between Prv-free “cores” and widelypsetinized (also Prv-free) harzburgite
rims (PutiS et al. 2012; Li et al. 2014).

New LA-ICP-MS multielement mineral patterns of Opx, Cpx, Srp-Ctl, Chl, Ep,
Adr-Grt from serpentinized and rodingitized harzptg were compared to the LA-ICP-MS
multielement perovskite patterns, and both suppariodel of perovskite genesis related to
hydration processes in accretionary wedges (ecamBelluri et al., 2014 and citations
therein) mainly due to a distinct enrichment in LRESs, Be, U, Nb or Ta, As, Sb, £Pb.
These results are consistent with the U/Pb datiqgemvskite at ca. 135 Ma (Li et al., 2014;
Putis et al., 2015) and Nd isotopes (Li et al.,£04s well, supporting perovskite genesis
related to the Meliatic accretionary wedge serpezdtion and rodingitization. This event
occurred between 150 and 130 Ma according to Adaiing of the HP metamorphism (160-
150 Ma; Dallmeyer et al., 1996) and dating theaqgde and cooling of the accretionary
wedge through the 180°C isotherm (at ca. 130 M&skw al., 2014). Perovskite might have
formed during exhumation of harzburgite fragmenttemperatures between 400 and 300°C
and medium to low pressures. Estimated temperatteeval is consistent with the used
chlorite (ingrowing Prv 2) thermometer (Cathelingh988).
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Abstrakt

Epidot z Pakistanu s pseudohexagonalnymi a psetakdikckymi prizmatickymi
tvarmi kryStalov ma vysoky obsahom inklazii titanid magnetitu, ¥aka ktorym vykazuje
magnetické vlastnosti. ,Magnetické" epidoty majwyraznu zonalitu. Tepelnou Upravou pod
1000 °C nedochadza k vyraznym zmenam chemickéliemrzia ani mriezkovych parametrov.
Pri tepelne upravovanych vzorkadch nad 1000 °C \ghikpravdepodobne ako produkty
rozpadu po epidote plagioklasy a pyroxény (pravdepae augit), p&iom tvoria aj
mikroskopicky homogénnu zmes. Titanit zostava $tgibaj pri 1200 °C, magnetit postupne
rekrysStalizuje na hematit, vplyvotioho dochadza k strate magnetickych vlastnosti.

Uvod

Surovinové zdroje Pakistanu sa vyskytuja v pohdriadimalaje, Hindukus a
Karakoram, ktoré su vysledkom kolizie medzi indicka azijskou litosférickou doskou.
Vplyvom tejto kolizie doSlo k zhrubnutiu kontinelmdj kéry, regionélnej metamorféze a
umiestneniu leukogranitov a pegmatitov do tychtonihmmvych masivov. Geodynamicky
vyvoj bol sprevadzany vyraznym magmatizmom a metéimou, a ma priamy vah
ku genéze mineralov (Gill a Rajaran, 2009).

"Magneticky" epidot z oblasti Quetta v Pakistanesaituje magnetické inklGzie vo
svojich jadrach. Materské horniny maja skarnovygaba v nich sa vo vyvetranych puklinach
nachadzaju spominané typy epidotov. Pakistanskyoepna neobyajne ploché talikovité
a pseudohexagonalne tvary krystalov, ktoré nieeftnvtypické pre monoklinické mineraly
(Brownfield et al. 2013). ¥aka primesiam inych mineralov, najma magnetituaaitiu,
epidot vykazuje magnetickeé vlastnosti.

Epidot je pomerne rozSireny silikat vapnika, hlaila Zeleza. Vyskytuje sa v
nizkostumovo regionalne metamorfovanych horninachmagmatickych horninach, alebo aj
ako vysledok hydrotermélnych procesaasto zatlda plagioklasy, pyroxény a amfiboly.
Typicky je svojou zelenou farbou fistovitymi prizmatickymi alebo tatfidovitymi kryStalmi
s jemne ryhovanymi plochami (Armbruster et al. 2006zorky epidotov s kryStalmi vo
vel’kosti niekdko cm az desiatok cm pochadzaju z Rakuska, USAnMgaska, Francuzska,
Talianska,Ceskej republiky, Kanady a Pakistanu. Prave takétiraskopické, chemicky
homogénne vzorky su vhodné na experimentalnu U@atudium zmiemou indukovanych.
Cielom tohto prispevku je charakterizoviryStalochemické zmeny epidotu a produkty
dekompozicie po tepelnej Uprave a vplyv mineréasejiciacie na jeho stabilitu.

Metodika
Experimentalna&ad’ pozostavala z tepelnej Gpravy piatich vzoriek epid Ep-Pak).

Samostatné Styri krystaly boli postupne tepelneawuprané pri teplotach 900, 1000, 1100
a 1200 °C (ozn#enie vzoriek zodpoveda teplote). Jedna vzorka metapelne upravovana
a bola pouzita ako Standard (ozewmie 0). Chemické zloZenie epidotu bolo analyzovamé
pristroji CAMECA SX-100 na Masarykovej univerziteBvne, Ceskéa republika. Praskové rtg.
difrakcné zaznamy boli zhotovené pomocou rtg. difraktoen@ruker D8 Advance (Kat.
mineraldgie a petrologie, PRIF UK). Mriezkové paedra epidotu boli spresnené v programe
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DIFFRACPYS TOPAS (Bruker 2010) pdd Struktirneho modelu epidotu z prace Comodi a
Zanazzi (1997).

Vysledky

Pbévodne tmavozeleny az zeletierny epidot s pertovym leskom kryStalov zal
postupnym zvySovanim teploty strédczelenu farbu a lesk. Pri teplotach 1000, 11000012
°C sa farba vzoriek zmenila na ndlie1 aZz oranzovu.

V rtg. difrakénych zaznamoch (obr. 1) aj v BSE obrazkoch (oby.saada pozorova
Ze epidot ma majoritné zastlpenie a magnetit,itjtkalcit a kreme si v minorite. Magnetit
ma  zlozenie (F0.08VIN**0.009C0%*0.005T1*"0.002) (FE**1.98MMN?"0,014C.0%0.002T1**0.005) Os.
ZloZenie titanitu zodpoveda Eaoza(Ti**0.027€**0.049 SizOs.
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Obr. 1: Rtg. difrakny zaznam tepelne neupravovaného Ep-Pak s majarfarmu epidotu
a minoritnym zastipenim magnetitu, titanitu a Kalci

Do teploty 900 °C je epidot stabiln§p potvrdzuju invariabilné mriezkové parametre.
Predpoklada sa jeho chemickd homogenizacia, kibaesvziiadom na nevyraznu zonalitu
neda jednozriae potvrd, pricom sa uz pri teplote 1000 °C v rtg. diftach zaznamoch
neobjavuje. Kalcit sa rozpadava uz pri teplote P60 °C. Od teploty 1000 °C pribudaju
v tepelne upravovanych vzorkach plagioklasy, pynyxgpravdepodobne augit), ktoré
vznikaju pravdepodobne rozpadom epidotu, ale prydukzpadu tvoria aj v BSE homogénnu
polohu, takZze sa d& predpoklédde k rozpadu dochadza na submikroskopickej Urovoi
potvrdzuje aj naruSenie stechiometrie analyz (fgb.hoci zakladna hmota, ktora vznikla
rozpadom epidotu je pomerne homogénna (obr. 2a%, @ri zohrievani na 1200 °C vznikaju
domény obohatené a ochudobnené 3 Fabr. 2d). Rozpadom epidotu dochadza pri teplote
nad 1000 °C aj k objemovym zmenam, pri ktorych kajti trhliny (obr. 2c, d). Postupnou
rekryStalizaciou magnetitu na hematit stracaju eyidsvoje magnetické vlastnosti. Titanit
zostava stabilny aj pri zohrievani na 1200 °C. Naaithu identifikaciu rozpadovych
produktov je potrebné vyuzi’alSie metddy ako napr. Ramanovu spektroskopiu.
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Tab.1: Reprezentativne elektronové analyzy maddticepidotu z Pakistanu

0 0 900 900 1000 1000 1100 1100 1200 1200
P20s 001 004 002 002 024 028 000 003 0,211 0,03
SiO; 36,94 37,50 37,03 36,47 36,60 36,36 36,55 3529 36,17 36,48
TiO 004 005 1032 033 003 005 007 0,09 151 0,35
Al;03 20,66 23,45 23,43 23,02 23,11 22,63 2510 2540 19,02 24,87
V203 023 019 019 009 003 008 008 012 036 0,12

Cr203 005 001 002 002 003 000 004 001 0,02 0,03
Fe.Os 16,65 12,72 12,04 12,24 12,92 13,03 11,74 13,66 13,99 13,51

MnO 003 011 0,10 006 017 018 0,15 0,15 0,13 0,11
MgO 0,00 004 005 007 005 004 005 0,04 006 0,10
CaO 22,86 23,41 23,64 23,68 24,08 23,67 2342 22,10 26,30 21,82
H.O* 1,86 1,88 1,87 1,85 1,87 1,85 1,88 1,87 1,86 1,88
Suma | 100,14 99,84 98,70 97,90 99,15 98,18 99,13 98,75 99,57 99,91
Sit* 2984 2988 2974 2,953 2932 2,945 2912 2,839 2,920 2,905
Al® 0,015 0,009 0,025 0,046 0,052 0,036 0,088 0,160 0,073 0,092
>T 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000
Al3 0,951 0980 0,946 0,918 0,930 0,939 0,998 1,097 0,627 1,121
Ti4 0,003 0,003 0,019 0,020 0,002 0,003 0,004 0,005 0,092 0,021
>M1 0,985 0983 0,965 0,938 0,932 0,942 1,002 1,103 0,719 1,142
Al3 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

M2 1,000 1,000 1,000 1,000 1,000 1000 1,000 1,000 1,000 1,000

Mn2* 0,002 0,007 0,007 0,004 0,012 0,009 0,010 0,010 0,009 0,007

Fe* 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,037
Mg?* 0,000 0,005 0,006 0,009 0,006 0,005 0,006 0,005 0,007 0,012
Fe¥ 0,998 0,763 0,727 0,746 0,779 0,794 0,704 0,827 0,850 0,810
Ve 0,000 0,012 0,012 0,006 0,002 0,006 0,006 0,008 0,023 0,008
Cr3* 0,000 0,000 0,001 0,000 0,002 0,000 0,002 0,001 0,002 0,002
Al® 0,000 0,213 0,246 0,233 0,200 0,18 0,271 0,150 0,110 0,121

> M3 1,000 1,000 1,000 1,000 1,000 1000 1,000 1,000 1,000 1,000

Ca* 1,000 1,000 1,000 1,000 0,994 0,999 0,999 0,995 0,997 0,998
Na* 0,000 0,000 0,000 0,000 0,006 0,001 0,001 0,005 0,008 0,002
YAl 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

ca* 0,979 0,999 1,034 1055 1,073 1,054 1,000 0,910 1,277 0,864

Sr2* 0,034 0,012 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
K* 0,000 0,001 0,000 0,000 0,000 0,000 0,001 0,001 0,001 0,002
>A2 1,015 1,017 1,034 1,055 1073 1054 1,001 0,911 1,279 0,866
OH" 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

*Fe;0s; a FeO vypoitané z ndbojovej bilancie; 3@ vypaiitané pre OH = pfu. Analyzy 900-1200
predstavuju jednotlivé teploty
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Obr. 2: BSE snimky pakistanského epidotu bez udegwy tepelne upravovaného pri teplote
900 °C (b), 1100 °C (c) a 1200 °C (d). Vysvetlivkp:— epidot, Mag — magnetit, Ttn — titanit
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Abstrakt

Prezentované su prvé vysledky vyskumu vplyvu parefigky podobnej
polymetalicke] mineralizacie z lokalit Jasenie -vi@nsko a Maria — Margita pri Ochtinej,
ktord je vytvorena v rozdielnych litotypoch (rula@rzus krystalicky vapenec) na vybrané
fyzikalne a technické vlastnosti kameniva ziskanehwldového materialu. Polymetalicka
mineralizacia zo skumanych lokalit jednozma zvySuje objemovd hmotnbsa znizuje
priepustnos. Pri ostatnych vlastnostiach, ako je celkova pibosy, nasiakavasa odolnos
proti obrusovaniu, rozhoduje horninové prostredigeralizicie. V rulach z Jasenia sa
vplyvom polymetalickej mineralizacie znizuje celkoyoérovitos, nasiakavas a s@initel
obrusnosti. V krystalickych vapencoch z okolia Qmditje op&ny trend,éize polymetalickd
mineralizacia zvysuje celkovu porovitoshasiakavas aj hodnotu stinitela obrusnosti¢im
sa zhorSuje odolnékameniva proti obrusovaniu.

Uvod

Banské haldy zdnaju by v sttasnosti vnimané z réznych uhlov jatiu. NajastejSie
sa banské haldy povazuju za environmentalriaZzzé a potreba ich sanacie vychadza zo
vSeobecne akceptovanych predstav o ich negativipbywesna floru, faunu &loveka. Druhy
polad vnima haldy ako stopy po starej banskeposti, ktoré su zakladom montanneho
vyskumu casto s cibom geoturistického zatraktivnenia banickeho regigmezentanou
formou prostrednictvom nénych ciest a chodnikov. Treti uhol galdu vnima banské haldy
ako chraneny priestor Zddiska vyskytu endemitnych druhov fléry a faunyorkt cielene
vyhlradavaju Specifické Zivotné podmienky, resp. majiopaos adaptova sa podmienkam
kontaminovaného Gzemia po banskepnosti. Stvrty uhol pofadu je mineralogicky,
zamerany na Studium zastapenia primarnych a sekoyata mineralov. Piaty uhol péadu
vidi moznos$ praktického vyuzitia hald ako potenciadlneho zdr&mmeniva po splneni
stanovenych podmienok, minimélne na stabilizacgnyeh ciest,co je aj ci#om nasho
prispevku.

Prezentujeme prvé vysledky vyskumu zameraného naovpavanie vplyvu
parageneticky pribuznej polymetalickej mineralizacktora je v odliSnych litotypoch,
prostrednictvom odrazu v pérovitosti, nasiakavostiobrusnosti kameniva ziskaného
z haldového materialu. V prispevku su porovnavadasdtrnosti vzoriek zo zrudnenyalasti
a sprievodnych hornin z lokalit Jasenie — Soviarssktaria — Margita pri Ochtinej. Zakladné
informécie o geoldgii, petrografii a mineraldgiilskanych lokalit st uvedené v tab. 1.
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Tab. 1. Charakteristika skimanych lokalit s dérazantitologické rozdiely a mineralogické
pribuznosti, ktoré s zvyraznené boldom. Udajédwke si zostavené z pra&iely et al. (1997);
’Mello a Ivanika et al. (2008)3Luptakovéa a Prsek (2004)Stevko et al. (20095Luptakova
a Chovan (2003)5Stevko a Ozdin (2012%Stevko a Bélintova (2008).

Lokalita Soviansko (Jasenie) Maria - Margita (Ocaji

Geomorfologické celky Nizke Tatry Revicka vrchovina

Geologicka stavide kryStalinikum tatrika meliatikum (prikrov Bérky)

Petrograficka

charakteristik&a? ruly krystalické vapence

Mineralogia primarnych | galenit, pyrit , sfalerit, bournonit, | kalcit, kremeii, galenit,

mineralov* tetraedrit, boulangeritmeneghinit | sfalerit, chalkopyrit,pyrit ,
freibergit, kremen, barit, ankerit, arzenopyribournonit, tetraedrit,
dolomit, kalcit meneghinit

Mineraldgia sekundarnycharagonitazurit, ceruzit, covellit, ceruzit, goethit, smithsonit,

mineralov-57 hemimorfit, chryzokol, jarosit, anglesit, aurichalcit, beater
malachit, pyromorfit, goethit, bindheimit, cinabaritgovellit,
striebro, akantit hemimorfit, hydrozinkit, chalkozin,

linarit, malachit, azurit, sadrovec
Metodika

Vzorky kameniva na posudzovanie vybranych fyzikang technickych vlastnosti sme
odoberali priamo z hald skiamanych lokalit p@doostupu uvedeného v STN EN 932-1.
Bansky odpad deponovany na haldach reprezentugvmemerne zastupené ulomky a bloky
zrudneného (ozianie JS-1 a Och-1) a sprievodného horninového mahateldS-2, Och-2).
Odobraté reprezentativne vzorky smé&kestne zhomogenizovali ngl’us’ovom drvEi na
priblizne rovhomernu frakciu kameniva v rozsahu B-mm.

Z fyzikalno-technickych vlastnosti sme porovnavalidiely v porovitosti, nasiakavosti
a odolnosti proti obrusovaniu zrudnenej vzorky usrzzorky sprievodnej horniny. Parametre
porovej Strukturyboli analyzované na ulomkoalysusenych vzoriek s ¥kosou do cca 10
mm a s celkovou hmotntisu cca 3,5 g metédou ottwej tlakovej porozimetrie (MIP)
pomocou pristroja Poremaster 60GT na Ustave stéstghna architektiry SAV. Rozsah
merania viékosti pérov bol 1,8 nm — 0,3 mm pri aplikovanonktiaca 414 MPa. Rozsah pre
mikropéry bol od 1,8 nm do cca 5200 nm. Vyfmm z MIP analyzy boli ziskané hodnoty
permeability.

Stanovenie nasiakavosti prebiehalo fadhetodického postupu uvedeného v STN EN
1097-6. Bola pouzith metdda dréteného koSa pre kandeniva prepadajuce sitom 16 mm
a zachytené na site 4 mm. K6S a kamenivo boli Upbrerené vo vode pas 24 hod. Okrem
nasiakavosti skuskou boli zistené objemové hmoingstiSeného a nasyteného kameniva.

SkuSka odolnosti proti obrusovaniu bola realizovandaboratériu na Katedre
inZinierskej geologie PriF UK v Standardizovanomojshalcovom pristroji mikro-Deval
s pouzitim obrusovacich prostriedkov padSTN EN 1097-1. SkuSobna vzorka pozostavala
z dvoch navazok kameniva frakcie 8 az 11,2 mm, &a&Ztdmotna®u 500 g. Do valca sa
vliozZilo vysuSené kamenivo spolu s obrusovacimiloegmi gu’dckami priemeru 10 mm
celkovej hmotnosti 4,4 kg s pridanim 2,5 | vodyisRoj bol nastaveny na 12 000 &i&

s predpisanou rychlésu. Ot&anie kameniva vo valcoch prebiehalo cca 2 hod.KHeéke sa
kamenivo premylo vodou na sitach $kest’ou otvorov 8 a 1,6 mm, aby BahSie oddiovali
guréeky. Zostatok kameniva sa odvazil pre vypbsinitel'a obrusnosti mikro-DevaMpe),
ktory predstavuje percentualny podiel Ubytku hmetnpdvodnej navazky kameniva.

Identifikatnd ¢ag’” vyskumu pozostavala zrtg. diftalej praskovej analyzy na
stanovenie mineralneho zloZenia skimanych vzoNelarientované praskové preparaty boli
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analyzované na difraktometri BRUKER D8 ADVANCE \btaatériu na Katedre mineraldgie
a petroldgie PriF UK.

Vysledky a diskusia

Na zéklade rtg. analyzy bolo zistené, Ze mineralogenie zrudnenej vzorky JS-1
pozostava z dominantne zastupeného galenitu smizkydielom sfaleritu a okoloZilného
kremeia. Mineralnu asociaciu horninovej vzorky JS-2 tvioriémei, ortoklas, albit, biotit
a muskovit. V mineralnom zlozeni zrudnenej vzorkgh€l dominuje galenit. V horninovej
vzorke Och-2 prevlada kalcit.

Z tab. 2 vyplyva, Ze pri porovnavani zrudnenychrieto(JS-1, Och-1) so sprievodnymi
horninami (JS-2, Och-2), polymetalicka mineralizaeyrazne zvySuje objemovu hmottios
Pri vzorkach z Jasenia (JS-1, JS-2) je vidife vplyv polymetalickej mineralizacie na
znizovanie celkovej porovitosti, priepustnosti, in&avosti a séinitela obrusnosti mikro-
Deval. Klesajuca hodnota &nitela Mpe znamena vysSiu odolndskameniva proti
obrusovaniu,éo ma prakticky vyznam pri jeho moZznom pouZiti vtnes stavitéstve.
Zrudnena vzorka Och-1 ma oproti horninovej vzorkehQ vySSiu objemovd hmotngs
celkovu pérovitos, nasiakavos a s@initel obrusnosti, ale na druhej strane m& nizsi
koeficient filtracie (tab. 2)Cim je hodnota koeficientu filtracie vy3sia, tym guustnejsi je
materidl pre vodu. Polymetalickd mineralizacia webch vzorkach (JS-1, Och-1) znizila
permeabilitugo indikuje jej podstatny vplyv na vyplnenie porogejuktary.

Tab. 2. Porovnanie posudzovanych fyzikalno-meckgoiicviastnosti kameniva z Jasenia a Ochtinej.

Vzorka Objemovéa Celkova Koeficient NasiakavosS&initel
hmotnog (g.cm®) | pdrovitos’ (obj. %) filtracie (m.sY) (hm. %) Mbe
JS-1 3,49 1,91 3,22.90 1,19 7
JS-2 2,62 2,72 9,93.70 1,28 8
Och-1 3,31 3,80 8,96.10 1,07 17
Och-2 2,74 3,46 5,84.70 0,85 12
Zaver

Zo ziskanych vysledkov bol jednozm& preukdzany vplyv polymetalickej
mineralizacie na posudzované fyzikalno-techniclastiosti. Pritomn@srudnych mineralov
zastUupenych hlavne galenitom, menej sfaleritom uisokreméom a kalcitom, ktoré boli
potvrdené rtg. difrabnou analyzou vzoriek JS-1 a Och-1, na rozdiel othihotvornych
mineralnych asociacii vzoriek JS-2 a Och-2, ma lgeaténe odliSny dinok na objemovu
hmotnos, celkovd porovitod priepustnog nasiakavas a obrusovanie,co vyplyva
z numerickych udajov testovaného kameniva (tab. 2).

Prezentovanéiastkoveé vysledky budu vyuzité pri komplexnom pasmaini vhodnosti
banského haldového materialu ako prirodného karaetdv nestmelenych vrstiev vozoviek
pozemnych komunikacii, vratane miestnychc¢aldvych komunikacii (napr. lesné cesty).
Navrh perspektivneho pouZzitia kameniva pri vystaehest bude vychadgaz technickych
poziadaviek normy STN EN 13242 + Al a z technolkgithh moznosti Upravy materialén
je v kompetencii odberdta vysledkov aplikovaného vyskumu projektu APVV-0375
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Abstrakt

Vyklenutie astenosféry gas badenu (Koray et al. 2002) viedlo k vulkanickej
aktivite a otvaraniu sedimerit@ho priestoru Dunajskej panvy. Vznikajuce stralicéy
dodavali vulkanicky material, ktory bol deponovamynorskom prostredi Selfu. V zlozeni
dominuje prepracovany vulkanicky material, zhtigo tufitové vrstvy a sedimenty
pyroklastickych pradov su zastipené v menSej mi€lasty su generalne zaoblené, ale ich
povrch je v dbsledku rozkladu vyrastlic plagioklsangularny. Sklovita hmota je
rekryStalizovana do zmesi kreti®e plagioklasu a draselného Zivca. Zachovanie totavy
minerélov je rézne. V Blatnianskej depresii (vrtakovice 1 a 4, Ratkovce 1) su tmave
mineraly zachované len v podobe pseudomorféz atofilébo a pyroxénového tvaru. Biotity
su¢iastaine alterované. Rovnaké zachovanie je pozorovangtedSerd’ 16 a Krdova 1. V
Zeliezovskej depresii pozorujeme lepsie zachovéaikych mineralov (vrt Nova Vieska 1,
Pozba 3, Dubnik 1, Modrany 1). Z pyroxénov bolitesi® augity, ktoré mali v niektorych
pripadoch zachované diopsidové jadro a enstatityfi#oly vulkanického pévodu svojim
zloZzenim zodpovedaju magnesio-hastingsitu. Na déklzaastipenia nemobilnych prvkov
(Pearce, 1996) ma vulkanicky material trachyandegit az andezitové zloZenie.
Geochemické analyza vulkanickych klastov a zloZgtagioklasov, pyroxénov a amfibolov
poukazuje na rozdiely v charaktere vuklanizmu \egtore atase. V Blatnianskej depresii
pochadza material z vulkanitov trachyandezitovébienia, zatiiiéo v Zeliezovskej depresii
pozorujeme postupny prechod od trachyandezitov riteztov az bazaltickych andezitov
smerom hore (vrt Nova Vieska 1). Menej vyraznyaséibazicity pozorujeme aj na zloZeni
plagioklasov vo vulkanickych ulomkoch vrtu Dubnikiateralnou zmenou je narast obsahu
Ti v amfiboloch z vrtu Modrany — 1. V komjatickegplresii (Vréble — 1) maju redepozity
vulkanického materialu kyslé zloZenie, ktoré jeikogdané pritomna®u fenokryst kremia
a nizkou bazicitou plagioklasov (20 — 30 % anovifomolekuly). Okrem prepracovanych
vulkanickych klastov su vo vrtoch pozorované ajtwystufitov a sedimenty laharov a
pyroklastickych pradov. Ich zastUpenie j&8i& v juznegasti Dunajskej panvy.
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Abstrakt

Vulkano-sedimentarna forméacia juzného gemerika @mrana ako gelnicka skupina
bola postihnuta viacnasobnymi alteraciatiuz slabou regionalnou metamorfézou, ako aj
lok&lnymi hydrotermalnymi alteraciami (e.g. lvanMéres 2005). O staropaleozoickom veku
formacie svedia datovania zirkbnu a monazitu (6fozarova et al. 2010, Vozarova et al.
2014), ktoré tu potvrdili existenciu dvoch etapkarickej aktivity vo vrchnom kambriu az
ordoviku, prtom druha faza vulkanickej aktivity je vysVevana reaktivaciou magmatického
obluka s moZznou extenziou a tavenim kory. Geochemigaje su v sulade s orogénnym
geodynamickym  prostredim, dominantné  ryolitovo-tta@  vulkanity  patria
k peralumin6znym, alkalicko-vapenatym, vysokodnagel magmatickym sériam (lvan &
Méres 2005, Vozarova et al. 2010). Acidne metawitka(tradicne ozn&ované ako
porfyroidy) juhoalpského fundamentu Vychodnych Alp Siestich reprezentativnych oblasti
vystupuju ako hrubé telesa v paleozoickych fylitodbh vek bol ukeny na zaklade
zirkbnovej geochronologie ako taktiez ordovicky 447 8 a 485 + 8 Ma; cf. Meli & Kl6tzli
2001). VSetky telesd su vysokokremité (dacity alebwlity), peraluminézne aich
protolity vznikli zrejme kérovou anatexiou metasadntov v orogénnom prostredi (cf. Meli
1998). NaSa praca susiige pozornog na prejavy metasomatozy alkalii (Na, K, Mg) v
skumanych horninovychilenoch z danych porovnavanych vyskytov, pouzité pomerané
metody pre vyhodnotenie tychto procesov (e.g. Bier2009). Vysledky zalozené na 270
celohorninovych analyzach z gelnickej skupiny zigkaz dostupnych zdrojov indikuja
relativne extenzivnu, hydrotermalne-metasomatidaiminantne draselnu) alteraciu (cf. lvan
& Simurkova 2014). ldentické metddy boli néaslednplikevané na 202 analyzach
analogickych horninovyctlenov z juhoalpského metamorfovaného fundamentithvgoych
Alp (prevazne zatia nepublikované analyzy). Vysledky poukazuji na algithy rozsah
alteracii v jednotlivych Siestich reprezentativnydblastiach z Vychodnych Alp (cf.
Simurkova & Meli, 2015). Podobne ako v pripade m#lej skupiny i tu dominuje K-
metasomatdza, prejavujuca sa hlavne ako seridaizdebo tvorba K-Zivca. Pritomnbbla- a
Mg-alteracie je tu menegvidna.
Pad’akovanie:Praca bola podporena grantom VEGAL/0555/13
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Abstract

Summing up the results of ongoing tectonic reseafcthe Gemerska Poloma talc
deposit in the Lower Paleozoic sequences of Gemerithe paper emphasizes the role of
Alpine post-collision unroofing (AR phase) for the talc genesis. The AABhesoscopic
evidences were revealed in the central part of Giema for the first time. In presented
interpretation, the extensional Aormal faults of listric geometry, penetrating mesite
body, provided a pathways for ingress of Sfldids. The heat, necessary for steatitization,
was most likely derived from the underlying Vepametamorphic core complex. The Upper
Cretaceous age of ADdiscontinuities and the talc origin is based onmarous
geochronological data widely available from the t®as contact zone of Veporicum with
Gemericum, where the kinematics and age constrain&D> unroofing process were
provided by numerous authors.

Results

The wider surroundings of the talc deposit Gemerdkdloma underwent
a complicated polyphase evolution during two oragegcles - Variscan (deformation phases
VD12) and Alpine (AD-3 classification and age constraints according tamith et al.,
2012). The kinematics of these deformation phasegaled in the Gemerska Poloma area on
the surface, as well as in underground works feléswvs:

VD1 - south-vergent Variscan overthrusting, relatedeidnumation and collision
kinematics in the northward located Paleotethyamaln (Rakovec geosuture) and ¥B
Variscan post-collision south-vergent unroofing heTrole of the Variscan post-collisional
metamorphic core complex origin for the initiatiohthe VD, unroofing is predicted and is
a topic for our further research.

AD: - Paleo-Alpine north-vergent overthrusting; AP Paleo-Alpine south-vergent
unroofing; in this study it is revealed and defirfed the first time in the central part of the
Gemeric unit; AR - subhorizontal shearing, in this area the sialsstrike-slips of ENE-
WSW trend are predominating, modifying also earlgructures, which explains the
corresponding ENE-WSW trend also of AMliscontinuities of medium dips and listric
geometry.

The subhorizontal overthrusts in the exploratioeaa as well as in the Gemerska
Poloma deposit alone (carbonate body thrust ovaniigs, flysch sequence thrust over
porphyroids), shearing of ENE-WSW trend and 30-6if to SSE, as well as vertical and
subvertical faults of N-S, E-W, NW-SE, NE-SW trenslsre revealed also during works of
previous researchers (Kilik et al., 1995). Despite, listric faults (ADR) were not revealed
and described in this area previously.
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Fig. 1. Normal faults with geometry of listric fasilof the AR deformation phase in the

Gemerskéa Poloma talc deposit are interpreted asrhaifestations of Alpine unroofing

kinematics at the base of Gemeric basement nagoatibn: Elisabeth gallery - loading

station (upper two pictures) and the face of galteending ENE (lower two pictures);
mining level 480 m a.s.l. Scale: The hammer ofdhgth of 32.5 cm.

Discussion

Earlier mineralogical, petrological and fluid ioslon studies of representative
samples from the Gemerskd Poloma deposit (from hotee VDD-39 and VDD-45;
Radvanec et al., 2004) have revealed successiverahiassemblages within two major
metamorphic events: Variscan M1 and Alpine M2, mlgirivhich magnesite and talc have
originated. Concordantly with the findings in othmagnesite and magnesite-talc deposits
within the Western Carpathians (Radvanec, NémetBafto$, eds., 2010), the successive
replacement of the protolith limestone in the segeedolomite 1 - magnesite - Fe-magnesite
in the M1 process was followed by the talc formatduring the separate younger (Alpine)
mineralization event M2. The timing and characteflads responsible for the formation of
talc during this time-separated (Alpine) tectoncan&drphic event was in previous study not
fully clear (Radvanec et al., 2004).

Based on the fluid inclusion study and stable @ope constraints, the late-Alpine
(Middle Cretaceous) origin of metasomatic magnesdiposits (coeval with the siderite
deposits forming) is argued by Hurai et al. (20I03lc clearly postdates the metasomatic
Mg-carbonates and is accompanied with sulphidicenailization (Trdiéka, 1959, 1960 in
l.c.).
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Our investigation in 2014 has revealed a significaole of AD» south-vergent
unroofing disjunctive structures within the magtesbody during the steatitization of
magnesite and talc origin (Fig. 1). The subsequemstral shearing in AP phase was
preferably accommodated by the weakened discotigsuwith talc and hence the talc bodies
were further modified. So, the scenario of the taligin and its recent emplacement
resembles the model being revealed in the caseedfthusa-Mutnik deposit (Veporic unit;
Németh et al., 2004), though applied in the cas&emerskd Poloma to Gemeric Lower
Paleozoic sequences located at the base of Alpasentbent nappe. In our preliminary
interpretation, the heat necessary for the steatitin and talc origin in the future Gemerska
Poloma deposit was conducted from the Upper Cretece/eporic metamorphic core
complex underlying the Gemeric basement nappe.iigress of SiQfluids was allowed by
the extensional (unroofing) tectonics and numeriDs disjunctive structures segmenting the
magnesite body and frequently using the earlieg diBcontinuities.

Conclusion

Our research has brought a new important geolbgifarmation about the Alpine
AD:> unroofing kinematics, being found in the centrattpf the Gemeric unit for the first
time. Previously it was recognized only in the intha¢e contact zone of Gemericum with
Veporicum, where its Upper Cretaceous ages weneedraadiometrically (cf. Maluski et al.,
1993; Dallmeyer et al., 1996, 2005; HOk et al.,33ov& et al., 1994; Maluski et al., 1993;
Dallmeyer et al., 1996, Németh et al., 2012, aThg revealed APnormal faults inside the
Gemerska Poloma talc deposit, present within thedrdPaleozoic sequences of Gemericum,
frequently reactivate the Albverthrusts, but form also anastomosing spacedulisuities.

Besides the results of structural investigatitwe, treason, why we in this investigation
stage do not relate the steatitization of magnesddies with the AD phase, but the
subsequent Abphase, is the “cold” Aboverthrusting tectonics, but increased temperature
after forming the post-Abmetamorphic core complex, which are clearly dertrated along
the contact zone of Veporicum with Gemericum. Tleengerature values during the
steatitization in the Gemerska Poloma deposit£AIR process) will be a topic of our further
investigation.
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Abstrakt

Mladopaleozoické zilné horniny v kryStaliniku Mal&jatry sa vyskytuju ako zily
pripadne dajky v granitoidnych horninach. Miner&tteZenie hornin je pomerne jednoduché.
Hlavné mafické mineraly sua klinopyroxény, amfibaybiotity. Zo svetlych minerélov je
pritomny hlavne plagioklas, krem@ zriedkavejSie draselny Zivec. Stiifmdteracie hornin je
pomerne vysoky. Vek hornin sme zistili LA ICP MSafzou zo separovanyclireapatitov a
je 263,4 + 2.6 Ma.

Geologicka pozicia

V krystaliniku Malej Fatry horniny bazickej povalsy pomerne hojné. Prvy kréat ich
popisali (lvanov - Kamenicky, 1957, Hovorka 196Kjori ich oznéili ako cuzelity s
niektorymi znakmi kersantitov a odinitov. Studovaine Zilné bazické horniny na lokalite
Kaluzna, ktord sa nachadza vchnskej Malej Fatre (Martinské hole) a na lokalitebDa
Skala (granitovy lom). Zily bazickych lamprofyrowlbopisané aj z novej prieskumnej $toine
pre dialnény tunel Visiové. V obidvoch pripadoch Zilné telesa hornin wysja v
kryStaliniku — v granodioritoch az tonalitoch sagétmi pararul. Vek okolnych granitov bol
stanoveny Shcherbakom et al. 1990 na 353 Ma.

Mineraldgia

Lamprofyrové horniny Malej Fatry maju podobné malee zloZenie, su
svetlozelenej, Sedozelenej az tmavoSedej farby,0majevazne porfyricka Struktaru
(rovnomerne zrnité typy su zriedkavejSie). U pddiych typov vyrastlice tvoria svetlé
(plagioklas, krem&), menej tmavé (klinopyroxén, biotit, ojedinele ainfibol). Najma
pyroxény a plagioklasy tvoria az nidkom cm idiomorfne obmedzené vyrastlice. Miestami
pozorovd aj nepravidelné, do 6 cm Rk xenolity okolnych granitoidnych hornin. Pre
horniny je charakteristicka silna alteracia primy@m mineralov. Na lokalite Kaluzna su
klinopyroxény, alecasto aj amfiboly a biotity, takmer Uplne alterovanda lokalite Dubna
skala sa klinopyroxény zachovali ako porfyrickéasttice v zakladnej hmote (Obr. 1), resp.
zriedkavejSie ako xenokrysty poévodnych klinopyroxén ktoré boli chloritizované
aciastane premenené na hydratované grossularovo-andradijianaty a nasledne lemované
novotvorenym  klinopyroxénom (Obr. 2). Klinopyroxényz xenokrystov oproti
klinopyroxénom z porfyrickych vyrastlic, maju zvy&eobasahy ADs a NaO, resp. znizené
Obsahy MgO a CaO (Tab. 1). Novotvoreny lem okolookeystov ma zloZzenie podobné
porfyrickym vyrastliciam. Na zaklade klasifikacieyrpxénov Morimoto et al 1988)
odpovedaju Studované Cpx augitom. Primarne amfibelkaersutit, si¢asto alterované
aktinolitom, biotitom, resp. su Uplne chloritizo¥anBiotit je podobne ako amfibol silne
alterovany (chloritizacia). Je precharakteristicky vysoky obsah Ti®o dokumentuje jeho
magmaticky pévod.
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Obr. 2 Xenokryst klinopyroxénu, odrazené elektrdwokalita: Dubna Skala
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Tab. 1 Vybrané analyzy klinopyroxénov, LokalitabbDé skala

lokalita DS -1 DS-1 DS-1 DS-1 DS-1 DS-1 DS-1 DS-1 DS -1
Cislo analyzy] cpx1 cpx2 cpx3 cpx4 cpx5 cpx6 cpx 7 cpx 8 cpx 9
SiO, 47,03 47,29 47,04 47,06 49,18 47,96 48,70 49,29 50,77
TiO, 1,82 1,83 1,83 1,86 1,89 2,26 1,99 1,95 1,52
Al,O3 8,34 8,40 8,53 8,62 4,02 4,73 3,73 4,19 2,98
Cr,03 0,02 0,01 0,04 0,03 0,04 0,14 0,04 0,07 0,08
FeO* 8,51 8,65 8,59 8,66 8,41 8,66 8,94 8,73 8,49
MnO 0,20 0,22 0,23 0,18 0,21 0,22 0,19 0,28 0,23
Mgo 12,92 12,90 12,71 12,87 13,27 13,33 13,28 13,42 14,22
CaO 19,26 19,28 19,17 19,06 21,89 21,77 21,64 21,36 21,61
Na,O 0,91 0,93 0,85 0,90 0,51 0,56 0,47 0,54 0,40
K70 0,04 0,01 0,03 0,02 0,02 0,04 0,02 0,03 0,03
Sum 99,05 99,51 99,02 99,26 99,45 99,67 99,00 99,85 100,33
Prepocet na 6 kyslikov
Si 1,75 1,76 1,76 1,75 1,84 1,79 1,84 1,84 1,88
Ti 0,05 0,05 0,05 0,05 0,05 0,06 0,06 0,05 0,04
Al 0,37 0,37 0,38 0,38 0,18 0,21 0,17 0,18 0,13
Al 0,12 0,12 0,13 0,13 0,02 0,00 0,00 0,02 0,01
Cr 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Fe’" 0,00 0,00 0,00 0,00 0,07 0,12 0,09 0,00 0,05
Fe?* 0,27 0,27 0,27 0,27 0,19 0,15 0,20 0,27 0,21
Mn 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
Mg 0,72 0,71 0,71 0,71 0,74 0,74 0,75 0,75 0,79
Ca 0,77 0,77 0,77 0,76 0,88 0,87 0,87 0,85 0,86
Na 0,07 0,07 0,06 0,06 0,04 0,04 0,03 0,04 0,03
K 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Wol 43,90 43,83 44,02 43,60 46,66 46,24 45,94 45,60 45,00
En 40,96 40,81 40,59 40,94 39,35 39,40 39,24 39,85 41,20
Fs 15,14 15,35 15,39 15,46 13,99 14,36 14,82 14,55 13,80
FeO* ako celkové Zelezo

Vek Studovanych hornin nebol doteraz presne staryowee predpokladané vekové
zaradenie hornin vychadzalo z ich vystupovania (a&nigoch, neprenikaju cez okolné
mezozoické komplexy) a stii@ premeny. VSeobecne sa vek povazoval za mladquadée.
Vek hornin sme zistili LA ICP MS analyzou zo sepaiwych Zn apatitov a je 263,4 = 2.6
Ma.

data-point error ellipses are 20
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Zaver

Zilné horniny v oblasti Malej Fatry, ktoré vystuguy okolnych granitoch su silne
alterované. Z primarnych mineralov sa zachovaédkavo klinopyroxény, amfiboly, biotity,
plagioklasy a draselné Zivce. Klinopyroxény vystupudvoch generaciach ako xenokrysty a
ako porfyrické vyrastlice. Tieto generacie sa lislaemickym zloZzenim. Pre amfiboly
(kersutit) a biotity je charakteristicky vysoky als TiG. V Zilnych horninach s&asto
pozorované xenolity okolnych granitovych horningriét st resorbované do rézneho Stadia.
Vek hornin bol stanoveny zo separovanychpatitov na 263,4 £ 2.6 Ma.
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Abstrakt

Korund a jeho odrody patria medzi najznamejSie érkmene. Prirodné korundy
vel'mi dobrej kvality su zriedkavé. Napriek tomu exjgtmetddy, pomocou ktorych je mozné
zlepst’ farbu acistotu, ako napr. tepelna Uprava, ktora je najogém@ouzivanou metodou.
Pozorovanie inklazii v korunde je povazované zalepdj spbsob identifikacie Uprav
akéhokdvek tepelne upraveného korundu. PritontnasklUzii zavisi od jeho pdvodu.
Existuje mnoho inklazii, ktoré je mozné ndjskorunde ako je zirkon, rutil, kalcit, diaspor a
iné (Hughes, 1997). Cely rad mineralov hydroxidinitého je spojeny s korundom (&)
ako je diaspord-AlO(OH)), bohmit ¢-AlO(OH)), gibbsit ¢-Al(OH)z3), a bayerit ¢-Al(OH)3)
v zavislosti od tlaku a teploty krystalizacie. Bdhre polymorfna modifikacia diasporu.
Rozdiel tychto minerélov je v Strukture viazaniaslkya. VSetky hydroxidové minerdly mézu
byt transformované na bezvodnu &ainu oxidu hlinitého so StruktarauAl0O3 pomocou
tepelnej Upravy (Temuujin et al., 2000). Na zaklggtenogravimetrie je mozné vytvergraf
zavislosti teploty a hmotnosti za zmeny jednotlivymineralov zo skupiny hydroxidu
hlinitého. Pri priefiadnych vzorkach rubinov je mozné aplikbviieto vysledky, kéze
termogravimetria rubinu ukazala, Ze zmena stratpthasti nastala pri teplotach 480°C a
skortila na urovni 600°C¢o poukazuje na podobné hodnoty ako u diasporu etéhToto
zistenie mb6zeme potvitlipomocou infréervenej spektroskopie (FT-IR). Bezné maximum
OH je umiestnené v oblasti 3309 ¢m je ¢asto spojené &alSimi vrcholy pri 3295, 3265,
3232 a 3186 crh Dalie skupiny ako série 3309, 3161, 4230, 3394 60 30ni'. Spojenie
tychto radov s witymi farebnymi odrodami korundu a réznych geolégith prostredi, je
mozné poui na identifikaciu tepelne upravovanych alebo neugmgich vzoriek. Ké
spektra inklazii (minerélov) prekryvaju inffarvené spektrum korundu, v takom pripade
mozu by jednoznane identifikované. Identifikované moZzu thyapatit, béhmit, kalcit,
diaspor, gibbsit, goethit, kaolinitlwda, monazit a titanit (Smith, 2006; Wathanakull D0
Pouzili sme vzorky brusenych prirodnych rubin@asto uz neidentifikovateého pévodu
vyskytu. Na identifikaciu sme pouzili gemologicktereolupu a infr&ervenu spektroskopiu
FT-IR. U vSetkych Styroch vzorkach sme na zakladeaiervenej spektroskopie FT-IR na
zé&klade oblasti 2849, 2916, 3079 tidentifikovali inkl(zie béhmitu. V jednom pripadene
nasli aj oblasg 3309 cmt. Na zéklade tychto oblasti mézeme pot¥rde jedna vzorka presla
tepelnou Upravou vysokych tepl6t,dkee oblag 3309 cm' nie je Uplne dostatoe vyrazna,
¢o zodpoveda teplotdm nad 1650°C. Tieto zmeny moézdetovd na morfologii inklazii.
Pri tepelnej Uprave sme nasli len fragmenty béhmé&uwozdiel od ostatnych vzoriek, kde boli
neporusene.
Literatura
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Abstract

Alkaline volcanism along the 350 km long BohemaeSién volcanic line has
originated about 35 Ma ago and lasted until Redelime type of convection has prevailed
as otherwise common convecting mantle is firmlyremted to the Eurasian plate. Volcanism
was episodic and duration of individual phases sase 3 to 6 Ma. Three main phases took
place in the volcanic line. The first phase ocadidering the Early Oligocene, the second in
the Early Miocene and the third at the boundaryvbet the Middle and Late Miocene (13 —
10 Ma). Sporadic volcanism took place also in betwelhe third phase was obviously the
most voluminous one in West Bohemia as very unusoiahnic differentiates (trachytes and
rhyolites) came to the surface called (J. U.) &aklyy Alkaline Series WAS. We present here
some unpublished chemical analyses and new isalaageincluding the lead isotopes. In our
interpretation, the original asthenospheric bagamitagma was injected subhorizontally in
large thickness of some 2 — 3 km to the Moho bopnfaneath the Tepla — M&im area
during the time interval 13 — 10 Ma. We base thyjigdthesis on the occurrence of unusually
strong reflection events at 9 to 10 s of two-wametion deep reflection profile 9HR exactly
just beneath the trachytic and rhyolithic volcaracks. We interpret these reflections as due
to large reflection coefficient between lower calisinetamorphics and underplated and
injected gabbro or even more acid plutonics. Hugection of large amount of basanitic
magma had serious consequences. First, it causgiyely significant plateau uplift of large
parts of the West Bohemia of some 300 m and restadiv of the Marianské Lazrvariscan
fault and the origin of the Cheb — Domazlice grab&ative magmatic event caused the
rifting and normal faulting and not vice versa. &&t, the injection caused partial anatexis of
the lower crust of West Bohemia. Magma differeeatfrom basanites (tephrites),
trachybasalts, basaltic trachyandesites, trachytes rhyolites came to the surface
increasingly contaminated by lower continentaktri&eeochemical evidence is clear both on
isotope and trace elements data. Strontium isotogues series s(Sr/ssSr) from tephrites to
rhyolites is 0,70365 (TE), 0,70396 (BTRA), 0,7040RA), 0,70471 (TR), 0,70941 (RY).
Even though lead isotopes ratios are not the betd for recognizing crustal contamination,
the series foksPb/20sPb l00Oks clear as well: 1,997 (TE), 2,021 (TRB), 2,BTRA), 2,037
(TRA), 2,065 (TR). The best trace element tracer recognizing crustal contamination
is Pb/Nd ratio where values between 0,04 to 0,065@ MORB and OIB basalts and 0,61
for average continental crust. Differentiate sedgsolcanics from our Tepla — Mé&tin area
gives following Pb/Nd results: 0,067 (TE), 0,132T@A), 0,147 (TRA), 0,448 (TR), 2,277
(RY). More differentiating rocks are therefore ieasingly more contaminated by continental
crust. The rhyolite from 8hsky vrch, however, seems to be rather lower drastatexite
than a differentiate.
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Allanite-(Ce) in contrasting Ca-poor granite and Carich skarn lithologies: reactant and
product of retrograde metasomatic overprint (exampés from Western Carpathians)

Pavel Uhet, Martin Ondrejka 1, Igor Broska?, Peter Basik!, Peter Ruzika' a Vladimir
Bilohu&gin?
!Department of Mineralogy and Petrology, Comeniusversity, Mlynska dolina G, 842 15 Bratislava,

Slovakia, puher@fns.uniba.sk
2Geological Institute, Slovak Academy of Sciencébrévska cesta 9, 840 05 Bratislava, Slovakia,

Abstract

Accessory allanite-(Ce) represents a relativelyesptead primary magmatic mineral of
metaluminous to slightly peraluminous, calc-alkalamd alkaline granitic rocks, mainly of I-
and A-type suites, respectively. Allanite is comiyoaltered by subsolidus to hydrothermal
fluids to secondary REE minerals, mainly monazitd REE-carbonate phases (synchysite,
bastnasite etc.; e.g., Gieré 1996). However, Kiprates also as a product of secondary post-
magmatic and metamorphic/hydrothermal metasomeditstormation of primary magmatic
and metamorphic REE-bearing phase, especially nten@zg., Finger et al. 1998; Janots et
al. 2008). Here we characterize two examples, whkaaite represents either a reactant or a
product of retrograde metasomatic processes inastirtg types of rocks.

The first example represents a clast of Permianitbigranite in the Upohlav flysch
conglomerate beds from Stupné, Pieniny Klippen ,B¥MV Slovakia. The granite shows
slightly peraluminous, A-type tendency. Euhedraystals of magmatic allanite-(Ce) to
ferriallanite-(Ce) is commonly replaced by synckggiCe) to its hydroxyl-dominant analogue
“hydroxylsynchysite-(Ce)”, bastnasite-(Ce) and ialc rarely monazite-(Ce), epidote,
clinochlore, titanite, Ti@ phase, and pseudorutile. In some cases, secomdabpnate
minerals (mainly synchysite and calcite) replacedlastantial part of former allanite crystals.
The secondary mineral assemblage replacing priraianite indicates a relatively low-
temperature<300 °C), post-magmatic overprint of the rock by fogdermal-metamorphic,
metasomatic aqueous fluids rich in fluorine andoarin the Stupné granite.

The second example exhibits Ca-skarn situated enctimtact of Variscan(B45 Ma)
tonalites to granites of the Modra Massif and Deanrimestones of the Dubova Formation
(Malé Karpaty Mts., Tatric Superunit, SW Slovaki@dhe prograde contact-metamorphic
assemblage includes grossular, diopside-hedenbgkgisuvianite, wollastonite, titanite and
other accessory minerals. Vesuvianite forms eulhettrasubhedral crystals with fine
oscillatory zoning. Some vesuvianite zones (b9 thick) are distinctly enriched in REE
(5.3 wt.% REEO3, 0.96 apfu) and Th<(.7 wt.% ThQ, 0.21 apfu). Thorium positively
correlates with REE, especially Nd to Gd, due te kighest similarity of its ionic radii.
Secondary allanite-(Ce) to REE-rich clinozoisitplaged vesuvianite along rims and irregular
domains. Allanite to clinozoisite, together withsasiated pumpellyite, prehnite, and datolite
were formed during younger (Alpine?), fluid-drivegtrograde stage of the skarn formation,
at relatively low P-T conditions.
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New U-Pb zircon ages from the Gelnica Group metavohnites
(Southern Gemericum Unit)
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Abstract

Acid volcanites, rhyolite and dacite, and theiroasiiclastic rocks are the significant
part of the Gelnica Group (GG) Lower Paleozoic sege in the Southern Gemericum Unit
(SGU). shaly siliciclastic sediments. Allodapic éstones and lydites form only a low portion
in the distal facies. Characteristic feature ofwhmle GG sequence is the very low-grade pre-
Alpine regional metamorphism that was followed e tstrong Alpine rejuvenation in
greenschist facies P-T conditions (Vozarova ef@l4). The age of the GG volcanites was
the first time proved at 420420 Ma by the multiigraircon method (&rbak et al. 1988;
Cambel et al. 1990) from the locality Helcmanov@ée new “in situ SIMS” dating on
SHRIMP 1l equipment (St.-Petersburg, VSEGEI) cdnited to more precise age at 48216
Ma for the volcanites of the same locality (Putisak 2008). Additional zircon SIMS ages
from the further nine localities resulted in theetmination of two magmatic events within
the GG sequence, the first in the Upper CambriandroOrdovician and the second in the
Middle Ordovician (492 and 464 Ma; Vozarova et@1@). Because the number of zircon age
analysis have been not equable distributed withie three main GG lithostratigraphic
formations (51 data from the Vlachovo Formation;daéa from the Bystry potok Formation;
19 data from the Drnava Formation), it was inevitato date further zircon samples
especially from the Bystry potok and Drnava Forovai The new U-Pb (SHRIMP) zircon
ages completed the following data: 1. 482+5 Ma, rdimf the Thurzovské kupele spa, NW
from the Gelnica city; 2.) 464+7 Ma, SW from thel@ea city; 3) 461+6 Ma, N from the
Lucia Baia settlement, E from the Medzev city; 4) 461+5 Mautheastern slope of the
Tatérska hora height, N from the Rudnd village46)+5 Ma, Tu&ocka dolina valley, NW
from the Rakos village. The overwhelming majoritytbe newly ascertained zircon ages
correspond well with the previous data that weralipbed by Vozarova et al. (2010) from the
Bystry potok and Drnava Formations volcanic rodkse only exception is zircon sample No.
1, situated northwest from the Gelnica city, shanihe zircon age at 482 Ma that is equal
with the volcanites from the locality Helcmanovadgted by Putis et al. (2008). The
volcanites from that locality were formerly corrgld with the Drnava Formation (Bajanik et
al. 1984). However, based on zircon SHRIMP ageg terespond well with the Vlachovo
Formation volcanic horizon ranging from 494 to 48a (Vozarova et al. 2010). The newly
assessed zircon ages enable to compare the vekdrom the area Helcmanovce-Gelnica-
Ostry vrch height with the Vlachovo Formation val@ahorizon and correlate them with the
first, the Upper Cambrian-Lower Ordovician magmatiase. The remaining sample zircon
ages confirmed the Middle Ordovician age of the tBygpotok and Drnava Formation
volcanites that correspond well to the second maégnpmhase. The receiving data make
possible to reconstruct the continuation of the de Formation field occurrences in the
northwestern part of the SpiSsko-gemerské rudotdise
Acknowledgement
The financial support of the Slovak Research andeldpment Support Agency (project ID:
APVV-0438-06) is gratefully acknowledged.

65



Petros 2015

Program konferencie (Conference ProgrammelPetros 2015

11.6. 2015 (Stvrtok, Thursday)

8.00-8.45 Registracia fiastnikov konferencie (registration of participants)

Predsedajuci: (pro)dekan; M. Putis
8.45: otvorenie konferencie (conference opening)

Pozvani prednasatelia (invited speakers):
9.00-9.30Rainer Abart, David Heuser, Gerlinde Habler Myrmekites as petrogenetic
indicators: example from the Weinsberg granite, t8ddohemian Batholith,
Upper Austria
9.30-10.00Jakub PI&Sil: A “bond-valence approach” to the crystal struetuof uranyl
oxysalts — working example

10.00-10.20 Prestavka (break)

Predsedajuci (convenor): M. Kohut

10.20-10.40gor Petrik, Marian Janak : Characterization of monazite from ultrahigh-
pressure rocks

10.40-11.00 Marian Puti§, Friedrich Koller, Drazen Balen, Peter Bagik, Juraj
Morav ¢ik, Ondrej Nemec, Samila Hrvanové: Garnet-bearing exsolution,
symplectite and corona textures in clinopyroxerikes from a harzburgite
associated with eclogites (Austroalpine Sieggratmenplex); P-T estimates

11.00-11.20Pavel Uher, Martin Ondrejka, Igor Broska, Peter Baik, Peter Ruzika,
Vladimir Bilohus ¢in: Allanite-(Ce) in contrasting Ca-poor granite ana@@h
skarn lithologies: reactant and product of retrdgranetasomatic overprint
(examples from Western Carpathians)

11.20-11.40Peter Kodéra, Jaroslav Lexa, Michal Janosik, Jana Béekova, Adrian
Biron: Modeling of hydrothermal alteration at the Bi&lych deposit and other
localities with porphyry gold mineralization in tldavorie stratovolcano

11.40-12.00Peter Batik, Andreas Ertl, Martin Stevko, Gerald Giester, Pder Sefkar:
Relationship between acicular habitus and crystahtstry of magnesio-foitite
to foitite from Tisovec, Slovak Ore Mts., Slovakia

12.00-13.40 Prestavka (break)
Zasadnutie Valného zhromazdenia SMS (P. Uher, Dligz

Predsedajuci (convenor): J. SpiSiak

13.40-14.00Cestmir Tomek, Jaromir Ulrych: Upper Serravallian — Lower Tortonian
(13 — 10 Ma) strong volcanic event in West Boheamd 300 m uplift of the
Tepla Highland due to magmatic underplating: Chairgeodynamics

14.00-14.20 FrantiSek Hrouda, Juraj Morav ¢ik, Maridn Putis, Zoltin Németh:
Magneticka vnitni stavba ultramafit Centralnich Zapadnich Karpat a jeji
pavod

14.20-14.40Karel Breiter, Tomas Hrstka, Marek Dosbaba: Prechod magmatického
a hydrotermalniho procesu v granitech z pohledu emidh zobrazovacich
metod
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14.40-15.00 Martin Kova ¢ik: Alochemicky charakter alpinskej metamorfézy v
kryStaliniku juzného veporika

15.00-15.15 Prestavka (break)

Predsedajuci (convenors): P. Uher, I. Petrik

15.15-15.30Jan Spisiak, Lucia Vetrakovéa, Stefan FerencKersantity z Malej Fatry;
mineraldgia, geochémia a geochronolégia

15.30-15.45Milan Kohut : Datovanie granitoidnych hornin z pohoria Ziar

15.45-16.00 Ana Vozarova, Nickolay Rodionov, Katarina Sarinova, Sergey
Presnyakov Nové U-Pb veky zirkbnu z metavulkanitov gelnickej
skupiny juzného gemerika

16.00-16.15 Lubo3 Polak, Stefan Ferenc, Mario Ol3avsky Vyskyt urénovej
mineralizacie v Selciach pri Banskej Bystrici

16.15-16.30Stefan Méres, Milan Gargulak, Patrik Konegny: Dva genetické typy
monazitov zo skarnu(ferna Lehota, juzné veporikum) - predbezné
vysledky

16.30-16.45Jana Fridrichova, Peter Ba'ik, Valéria Bizovska, Eugen Libowitzky,
Martin Stevko, Pavel Uher. Spektroskopické Studium intersticialnych
volatilii berylu zo Zapadnych Karpat

16.45-17.00 Robert Polc, Bronislava Lalinska-Volekova, Katarina Petkova,
Lubomir Jurkovi ¢: Fazoveé zloZenie popaka zo spéovne kalov

17.00-17.15 Peter Ruzikka, Lubomir Bagd’, Tatiana Durmekova, Gabriela
Kucerova, Michal Gajan: Vplyv polymetalickej mineralizacie na poérovitps
nasiakavo a obrusnaskameniva z banskych hald pri Jaseni a Ochtingj

17.15-17.30 Katarina Sarinova, Samuel Rybar Mineralogické a geochemické
zloZenie vulkanického materidlu v neogénnej vyainajskej panvy (hlboké

vrty)

17.30-17.45 Prezentacia posterov (Poster presentati

Samila Hrvanovié, Marian PutiS: Petrographical characteristics of meta-orthopgrite
dike at Steinbach, Austria

Maridn PutiS, Yue-Heng Yang, Matu$ Koppa, Xian-HualLi, Brigitta Snéarska:
Perovskite, reaction product of a harzburgite witlustal fluids in the
Meliatic accretionary wedge (Western Carpathiansy&kia): new LA—
ICP-MS data

Petra Rusinovd, Peter Bdik: Vplyv tepelnej Upravy na stabilitu a rozpad "metjckého”
epidotu z Pakistanu

Maria Simurkova, Sandro Meli: Porovnanie prejavov alkalickej metasomat6zy v
orodovickych acidnych metavulkanitoch gelnickej gk gemerika a
ich analégoch z vychodnépsti juhoalpského fundamentu

Martin Smoléarik, Zoltan Németh: Talc genesis related on tectonometamorphic
evolution: Preliminary results from the Gemerskaldfta deposit
(Gemericum, Western Carpathians)

Jan Stubiia, Wiodzimierz tapot: Identifikacia tepelnej Upravy prirodnych korundov
pomocou béhmitovych a diasporovych inklazii

17.45 Spol@na diskusia a spoldensky va&er SMS (Discussion and social event)
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