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OBALKA: Pohlad na zépad z hrebefia Babinej (1 278 m n. m., Spi§sko-gemerské rudohorie, Volovské vrchy, tektonickd jednotka
gemerikum; foto: Z. Németh). V pozadi na horizonte je Kralova hola (1 946 m n. m., kryStalinikum severného veporika). Hreberi Babinej
je sucastou zény exhumovanych paleozoickych metagabier (modré elipsy), ktora sa zacina na vrchu Ostra (1 014 m n. m.) a pokracuje
na vychod cez vrchol Babinej az po Sajby (1 095 m n. m.). Vyraznu tektonizaciu exhumovanych metagabier znazorfiuje orientovana
makrovzorka s doplnenou orientaciou sklonu a deformaéného elipsoidu.

V severnejsie leziacom paralelnom pruhu hornin (Eervena elipsa) v ramci severogemerickej zény vystupuju exhumované segmenty
rulovo-amfibolitového komplexu paleozoického oceanskeho dna (metaofiolitova suita; schematickeé znazornenie je v ervenom obdlZniku).
DalSie podrobnosti o danej problematike poskytuju ¢lanky autorov Radvanec a Grecula, ako aj Németh et al. v tomto Cisle ¢asopisu.

COVER: View westward from the Babina mountain range (1278 m a.s.l., the Spi§-Gemer Ore Mts., Volovec hills; Gemeric unit; photo:
Z. Németh). The Kralova hola Mt. (1946 m a.s.l.; crystalline basement of the Veporic unit) is visible in the middle of the background. The
Babina mountain range is bearing a zone of exhumed metagabbros blocks (blue ellipses), which extends from the elevation point Ostra
(1014 m a.s.l.) and continues through the summit of the Babina hill to elevation point Sajby (1095 m a.s.l.). The distinct tectonization of
exhumed metagabbros is documented by oriented hand-sample with added dip parameters and axes of deformation ellipsoid.

Northward located parallel belt (red ellipse) within the North-Gemeric zone is bearing the exhumed segments of the gneiss-amphibolite
complex of Paleozoic oceanic crust (metaophiolite suite; red rectangle). Details about this topic are presented in papers by Radvanec and
Grecula, as well as Németh et al. in this issue of the journal.







Mineralia Slovaca, 48 (2016), 99 — 104
Web ISSN 1338-3523, ISSN 0369-2086

RNDr. Pavol Grecula, DrSc., geovedec europskeho formatu,
oslavil osemdesiatku

RNDr. Pavol Grecula, DrSc., geoscientist of European format,
has celebrated his eightieth birthday

Vysledky dlhorocného vedeckého ba-
dania jubilanta, popredného slovenského
geologa RNDr. Pavla Greculu, DrSc.,
v problematike (1) novej platinovotekto-
nickej interpretacie riftogénneho vyvoja
Spissko-gemerského rudohoria (geme-
rika), (2) metamorfného modelu vzniku
zilnej mineralizacie a (3) litostratigrafie
paleozoika gemerika ovplyvnili nahl'ad
velkej Casti vedeckej komunity na geo-
dynamické a metalogenetické aspekty
geologickych procesov. Navyse, aktivnou
publikacnou a prednaskovou c¢innost'ou
na baze medzinarodnych korela¢nych
projektov UNESCO/IUGS jubilant ziskal
aj zna¢né medzinarodné uznanie. Vysledkom jeho bohatej
vedeckej prace je vyse sto odbornych publikacii. Strucny
prehlad geodynamickej a metalogenetickej interpretdcie
gemerika poskytuje nasledujici clanok v tomto cisle ca-
Sopisu.

Pavol Grecula sa narodil 22. 2. 1936 v Niznom Zipove
v okrese TrebiSov. Po maturite na trebiSovskom gymnaziu
Studoval zakladny geologicky vyskum na Fakulte geolo-
gicko-geografickych vied Slovenskej univerzity v Brati-
slave. Stadium skongil v roku 1959 s Gervenym diplomom
ako promovany geolog. V ten isty rok zacal aktivne pra-
covat’ v n. p. Geologicky prieskum, kde postupne posobil
vo vSetkych odbornych funkciach a neskor sa stal veducim
perspektivneho odboru. Jednym z vysledkov badatelskej
timovej prace bola Geologicko-lozZiskova Studia Spis-
sko-gemerského rudohoria, ktorti v rokoch 1967 — 1973
spracoval 120-¢lenny autorsky kolektiv. P. Grecula bol
spolu s J. Bartalskym jej vedeckym redaktorom.

Obhajobou kandidatskej dizertacnej prace Geologicka
stavba strednej casti gemerid a jej vztah k rudnym lozZis-
kam ziskal P. Grecula v roku 1966 vedecka hodnost’ kan-
didat geologickych vied (CSc.). Akademicky titul doktor
prirodnych vied (RNDr.) ziskal na Prirodovedeckej fakulte
Univerzity Komenského v Bratislave v roku 1967. V ro-
koch 1969 — 1972 na Vysokej Skole technickej v Kosi-
ciach absolvoval postgradualne stidium drobnej tektoniky
a petrotektoniky. Prvé obdobie jeho vedeckého badania
zavisila monografia konformna s jeho doktorskou dizer-
ta¢nou pracou Gemerikum — segment riftogenného bazénu
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The results of decades lasting scienti-
fic investigation of the prominent Slovak
geologist - RNDr. Pavol Grecula, DrSc.
- on the issue of (1) a new plate tectonic
interpretation of the Paleozoic riftogenesis
of the Spis-Gemer Ore Mts. (Gemeric unit;
Gemericum) (2) metamorphic model of the
origin of the vein mineralization and (3)
lithostratigraphy of Paleozoic sequences of
Gemericum have influenced the scientific
views of a large part of scientific commu-
nity on geodynamic and metallogenetic
aspects of geological processes. Moreo-
ver, the active publishing and lecturing on
the basis of UNESCO/IUGS international
correlation programmes have brought him a considerable
international recognition. His vivid scientific work has re-
sulted in more than a hundred scientific publications. The
brief summary of geodynamic and metallogenetic inter-
pretation of the Gemeric unit (Gemericum) of the Western
Carpathians is provided by the following paper in this is-
sue of the journal.

Pavol Grecula was born on 22. 2. 1936 in the village of
Nizny Zipov in the Trebisov county. After graduating from
the high school in TrebiSov he has studied a basic geolo-
gical research in the Faculty of geological-geographical
sciences of the Slovak University in Bratislava. He fi-
nished his study in 1959 as graduate geologist with the
honour of the red diploma. In the same year he started his
active work in the national enterprise Geological Survey.
He gradually worked in all professional positions and la-
ter he became the head of the Department of Perspectives.
One of the results of research teamwork was represented
by the Geological-deposit study of the Spis-Gemer Ore
Mits., being processed by the 120-member team of authors
within the years 1967-1973. Pavol Grecula and Jan Bartal-
sky were the scientific editors of this study.

The successful defending of the thesis Geological set-
ting of the central part of Gemerides and its relation to ore
deposits has brought to Pavol Grecula the scientific degree
of the Candidate of Geological Sciences (CSc.) in 1966.
The academic title of Doctor of Natural Sciences (RNDr.)
he obtained in the Faculty of Natural Sciences of Come-
nius University Bratislava in 1967. Later (1969-1972) in
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Paleotetydy (Grecula, 1982). V roku 1983 absolvoval staz
OSN zameranu na novu globalnu tektoniku a metaloge-
nézu vo vtedajSom Leningrade. Vedecku hodnost’ doktor
vied (DrSc.) mu udelila Slovenska akadémia vied v roku
1986.

V tom obdobi uz jubilant pdsobil v kosickej pobocke
Geologického prieskumu ako veduci Specidlnej skupi-
ny pre Spissko-gemerské rudohorie a v rokoch 1987 az
1992 riesil rozsiahly projekt komplexnych geologickych,
geofyzikdlnych a geochemickych prac Spissko-gemer-
ské rudohorie — geofyzika. Na rieSeni ciel'ov projektu sa
zucastnili desiatky slovenskych geoldgov, geochemikov
a geofyzikov, ale tiez geofyzici z Pol'ska. Na§ jubilant sa
zucastnil na vSetkych terénnych interpretaciach a mapova-
cich pracach. Na zaklade pozitivnych vysledkov projektu
bol iniciovany projekt zostavenia novej geologickej mapy
Spissko-gemerského rudohoria. V rokoch 1992 — 1995 bol
geologom Specialistom a veducim oddelenia koSického
pracoviska a. s. Geocomplex a neskor predsedom pred-
stavenstva tejto spolo¢nosti. V tom obdobi sa zacal riesit’
novy komplexny projekt Atlas geomdp Spissko-gemerské-
ho rudohoria.

Popri rieSeni domécich projektov bol jubilant aktivne
zaangazovany do rieSenia medzindrodnych korelacnych
projektov UNESCO/IUGS IGCP ¢. 5 — Koreldcia predva-
riskych a variskych udalosti alpsko-mediterannej oblasti,
€. 254 — Rudonosné cierne bridlice, €. 276 — Paleozoikum

the Technical University in KoSice he completed his post-
graduate studies of the small-scale tectonic and petrotecto-
nics. First period of his scientific research has culminated
with a monograph conformal with his doctoral dissertation
thesis Gemericum — segment of the Paleotethyan riftoge-
nous basin (Grecula, 1982). In 1983, he completed an UN
fellowship focussed on a new global tectonics and metal-
logenesis in former Leningrad. The scientific degree of
Doctor of Science (DrSc.) was confered him by the Slovak
Academy of Sciences in 1986.

At that time Pavol Grecula already worked in the Ko-
Sice branch of the Geological Survey in position of the
Head of special group for the Spis-Gemer Ore Mountains.
In 1987-1992 he was the principal investigator of the ex-
tended project of comprehensive geological, geophysical
and geochemical research — The Spis-Gemer Ore Mts.
— Geophysics. The project was solved by tens of Slovak
geologists, geochemists and geophysicists, but also the
geophysicists from Poland. Pavol Grecula participated in
all field interpretations and geological mapping. The po-
sitive results led to launching of a new project for issuing
of a new geological map of the Spis-Gemer Ore Mts. In
1992-1995 he was in position of an expert geologist and
a Head of the KoSice Department of Geocomplex Comp.
and later the Chairman of the Board of this company. At
that time the research works on a new comprehensive pro-
ject Atlas of geomaps of the Spis-Gemer Ore Mts. have
started.

Slavnostné otvorenie Pamitnej izby D. Andrusova, prvého
riaditela SGUDS. Foto: L. Martinsky.

The opening ceremony of the Commemorative Room of D.
Andrusov, the first director of SGUDS. Photo: L. Martinsky.

1 — RNDr. G. Andrusovova-Vicekova, CSc.; 2 — Ing. N. Andrusovova, CSc.; 3 — A. Halahyja; 4 — Ing. J. Halahyja; 5 — RNDr. J. Mi-
chalik, DrSc. — GU SAV; 6 — RNDr. A. Panaéek, CSc. — Geocomplex, a. s.; 7— RNDr. J. Vozar, CSc. — SGUDS; 8 — RNDr. P. Grecula,
DrSc. — SGUDS; 9 — doc. RNDr. M. Kaligiak, CSc. — SGUDS; 10 — RNDr. K. Marsina, CSc. — SGUDS; 11 — RNDr. V. Bezék, CSc.
- SGUDS; 12 — RNDr. M. Polék, CSc. — SGUDS; 13 — RNDr. J. Zuberec, CSc. — SGUDS; 14 — RNDr. I. Tanyi, CSc. — GfU SAV;

15— RNDr. J. Mello, CSc. — SGUDS.

Tetydy a €. 443 — Magnezity a mastence — geologické a en-
vironmentdalne korelacie. Medzinarodna aktivita v spojeni
s domacimi projektmi vyustila aj do d’alSich rozsiahlych
monografickych prac: Variscan and pre-Variscan events in
the Alpine-Mediterranean belts (red. H. W. Fliigel, F. P.
Sassi a P. Grecula, 1987), Loziskad nerastnych surovin Slo-
venského rudohoria, zv. I (red. P. Grecula, 1995), Variscan
metallogeny in the Alpine orogenic belt (red. P. Grecula
a Z. Németh, 1996), Geological evolution of the Western
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In addition to research of national projects, Pavol Gre-
cula was actively involved into international correlation
projects of UNESCO/IUGS IGCP - No. 5 - Correlation of
Variscan and pre-Variscan events in the Alpine-Mediterra-
nean mountain belt, No. 254 - Metalliferous black shales,
No. 276 — Paleozoic of the Tethys and No. 443 - Magnesite
and talc — geological and environmental correlations. In-
ternational activity in conjunction with national projects
led to issuing of extended monographs — pre-Variscan and
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Carpathians (red. P. Grecula, D. Hovorka a M. Putis,
1997). V monografii The Geology of Central Europe, Vol.
2. (ed. T. McCann, London, 2008) spracoval v kapitole
Fossil fuels and industrial minerals charakteristiku lozisk
nerastnych surovin z oblasti Zapadnych Karpat a ich me-
talogenézu.

Pavol Grecula bol zakladatel'om casopisu Mineralia
Slovaca a jeho dlhoro¢nym vedtcim redaktorom (1969
— 2006). V sucasnosti st vSetky clanky publikované
v Casopise pocas 48 rokov jeho nepretrzité¢ho vychadza-
nia dostupné na www.geology.sk/mineralia. V rokoch
1976 — 2001 vychadzalo az Sest’ Cisel Casopisu. Popri
pocetnych vedeckych monografiach zaujali aj retrospek-
tivne zhodnotenia geologického badania na Slovensku
— dvojzvizkové dielo Historia geologie na Slovensku
a publikacia Vyznamni slovenski geologovia. Ked’ze bol
jubilant Gcastnikom vsetkych novodobych udalosti slo-

RNDr. Pavol G{eCL}la,vDrSc., riaditel’ SGUDS, odovzdava Pa-
métni medailu SGUDS za rozvoj geologie a spolupracu riadite-
lovi MAFI Dr. K. Brezsnyanszkému. Foto: L. Martinsky.

RNDr. vPavol Grecula, DrSc., Director of SGUDS, gives the
SGUDS Commemorative Medal for the Development of Geo-

logy and Cooperation to MAFI Director Dr. K. Brezsnyanszky.
Photo: L. Martinsky.

venskej geoldgie, jeho autorsky vklad do uvedenych retro-
spektivnych publikacii je zakonity. Popri veducej pozicii
v Casopise Mineralia Slovaca bol ¢lenom redakénych rad
aj inych geologickych ¢asopisov — Geologica Carpathica,
Slovak Geological Magazine, Acta Montanistica Slovaca
a pol'ského periodika Przeglad geologiczny.

Dna 1. januéra 1996 sa Pavol Grecula stal riaditelom
novozalozenej Geologickej sluzby Slovenskej republiky
(od 1. juna 2000 Statneho geologického Gistavu Dionyza
Stira). Geologicka sluzba Slovenskej republiky (GS SR)
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Variscan events of the Alpine-Mediterranean mountain
belt (ed. H. W. Fliigel, F. P. Sassi & P. Grecula, 1987), Mi-
neral deposits of the Slovak Ore Mts., Part 1 (ed. P. Grecu-
la, 1995), Variscan metallogeny in the Alpine orogenic belt
(eds. P. Grecula & Z. Németh, 1996), as well as Geological
evolution of the Western Carpathians (eds. P. Grecula, D.
Hovorka & M. Puti§, 1997). For the chapter Fossil fuels
and industrial minerals of the monograph The Geology of
Central Europe, Vol. 2. (ed. T. McCann, London, 2008)
Pavol Grecula wrote a review of industrial minerals depo-
sits in the Western Carpathians and their metallogenesis.

Pavol Grecula was the founder of the magazine Mine-
ralia Slovaca and his longtime leading editor (1969-2006).
All articles published in over 48 years of continuous is-
suing of the journal, are recently available on www.geo-
logy.sk/mineralia. In 1976-2001, altogether six numbers
of the journal were issued annually. In addition to nume-
rous scientific monographs, also retrospective reviews of
the geological research in Slovakia have obtained a high
appreciation by the readers - two-volume History of geo-
logy in Slovakia and the publication Significant Slovak
geologists. Pavol Grecula has participated in all events of
modern Slovak geology, so his principal contribution to
afore mentioned retrospective publications is obvious. In
addition to a leading position in the magazine Mineralia
Slovaca he was a member of editorial boards also of other
geological journals — Geologica Carpathica, Slovak Geo-
logical Magazine, Acta Montanistica Slovaca and Polish
periodical Przeglad geologiczny.

On 1 January 1996 Pavol Grecula became a director of
newly established Geological Survey of Slovak Republic
(GS SR; on 1 June 2000 being renamed to the State Geo-
logical Institute of Dionyz Stir — SGUDS). Geological
Survey of Slovak Republic in Bratislava has originated by
merging of three organizations: the state enterprise Slovak
Geology in Spisska Nova Ves, contributory organization
Geological Institute of Dionyz Stir in Bratislava and or-
ganization Geofond, which operation was fully covered by
the state budget. In the newly formed joint organization
he played a significant role in establishing economic go-
vernance of the three originally differently managed orga-
nizations. He enforced adding new competences to main
activities of new institution. Owing to his activity, the
revitalization of all branches of the newly established in-
stitution was done, including the regional geology, which
was secured, in addition to short-term projects, mainly by
the large regional projects with the multiannual duration
of works. Also the issuing of regional geological maps at
a scale of 1:50000 was intensified.

Pavol Grecula was the initiator of further adaptation
of the Foundation Certificate of the Geological Survey of
Slovak Republic with its definition as a scientific and rese-
arch organization and establishing of new regional geolo-
gical centers in the towns of Banska Bystrica and Kosice.
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v Bratislave vznikla zIu¢enim troch organizacii: Statneho
podniku Slovenska geologia v Spisskej Novej Vsi, pri-
spevkovej organizacie Geologicky tstav Dionyza Stiira
v Bratislave a rozpoétovej organizacie Geofond. V novo-
vzniknutej organizacii sa podstatnou mierou podiel'al na
zavedeni ekonomického systému riadenia troch pdévodne
rozdielne hospodariacich organizacii. Presadil doplnenie
hlavnej ¢innosti d’alsimi pravomocami. Zasluhou jeho
vtedajsej Cinnosti sa uskutocnila revitalizacia vsetkych
odvetvi novozriadenej inStitucie vratane regionalnej geo-
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P. Grecula (v strede) so zdujmom sleduje Sportové sut'aze zamest-

nancov vtedaj$ej GS SR. Vyhne 1999. Foto: L. Martinsky.

P. Grecula (in the middle) observes with interest the sport compe-
titions of employees of former GS SR. Vyhne resort 1999. Photo:

L. Martinsky.

logie, Co bolo zabezpecené popri kratkodobych projektoch
hlavne velkymi regiondlnymi projektmi s viacrocnym
obdobim rieSenia. Zintenzivnilo sa aj vydavanie regional-
nych geologickych map v mierke 1 : 50 000.

Pavol Grecula bol iniciatorom aj d’alSej upravy zria-
d'ovacej listiny Geologickej sluzby Slovenskej republiky
s jej definovanim ako vedeckej a vyskumnej organizacie
a zriadenim novych regionalnych geologickych centier
v Banskej Bystrici a KoSiciach. Zriadil aj knizni¢nu komi-
siu a referencné laboratérium. Vyrazne posilnil environ-
mentalnu ¢innost’. Ku skvalitneniu vystupov geologickych
prac prispelo aj zriadenie geofyzikalneho oddelenia. Zis-
kanim projektov z domacich aj zahrani¢nych zdrojov sa
podarilo revitalizovat’ aj pracovisko aplikovanej techno-
logie nerastnych surovin (ATNS) v KoSiciach. Geoana-
lytické laboratoria v Spisskej Novej Vsi ziskali niekol’ko
certifikatov kvality, vypracovali sa na eurdpsku uroven
a ziskali aj zahrani¢né zakazky. V roku 2000 sa zakupil

a mineralogicky vyskum na Slovensku a vyuziva sa az do
dnesnych dni, a to aj zahranié¢nymi badatel'mi.

Kvoli poskytovaniu kvalitnych a rychlych informacii
o vysledkoch prac geologického vyskumu a prieskumu

He established also the Dionyz Stir Publishers, the libra-
ries Commission and the reference laboratory. The envi-
ronmental activities were significantly strengthened. The
establishing of geophysical department also contributed to
improvement of outcomes of geological works. Acquisi-
tion of projects from domestic and foreign sources allowed
to revitalize also the Department of Applied Technology
of Raw Minerals (ATNS), seated in KoSice. Geoanalytical
laboratory in SpiSska Nova Ves has received several Qua-
lity Certificates, reaching the European quality level and
obtained numerous foreign orders. In 2000, that time the
most modern microprobe Cameca SX 100 was purchased,
which significantly improved the petrological and mine-
ralogical research in Slovakia and is used to present days
also by the foreign researchers.

For providing the high quality and rapid information
on the results of geological research and exploration,
being archived in the Geofond, the digitization of archi-
ved materials has begun, as well as the reorganization of
the sample documentation. Reconstruction of the building
in the SGUDS complex allowed the creation of a modern
Geofond information center.

In the field of international cooperation, Pavol Grecula
has ensured the continuous compliance of bilateral agree-
ments with neighbouring countries and their renewal with
Finland, France, the UK and the U.S.A. The international
reputation of GS SR was also increased by international
project DANREG, as well as the FOREGS (Forum of Eu-
ropean Geological Surveys) meetings, next by organizing
of the meeting of CEI (the Central European Initiative), as

P.

Grecula pri otvoreni §portovych hier vo Vyhniach v roku 1999.
v tom case najmodernejsi elektronovy mikroanalyzator Foto: L. Martinsky.

CAMECA SX 100, ktory vyrazne skvalitnil petrologicky P. Grecula at opening of the sport games in the Vyhne resort in

1999. Photo: L. Martinsky.
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well as other significant events. In June 1998, he organized
a meeting of representatives of the geological institutes
from Ukraine, Poland, Czech Republic, Austria, Hunga-



RNDr. Pavol Grecula, DrSc., geovedec eurépskeho formatu, oslavil osemdesiatku

Na zéklade navrhu vedeckej rady SGUDS generalny riaditel’ Ing.
Branislav Zec, CSc., udelil 24. novembra 2016 Cenu Dionyza
Sttra za rok 2016 v kategorii Osobnost RNDr. Pavlovi Greculo-
vi, DrSc. Cenu odovzdala veduca sluzobného tradu Ministerstva
zivotného prostredia Slovenskej republiky JUDr. Cubomira Ku-
biova spolu s generalnym riaditelom SGUDS Ing. Branislavom
Zecom, CSc. Foto: L. Sebesta.

Following a proposal of the SGUDS Scientific Council, on 24
November 2016 General Director Ing. Branislav Zec, CSc.,
awarded RNDr. Pavol Grecula, DrSc., by the Dionyz Sthr Prize
in the Celebrity category. Award was handed over by the Head of
Staff Office at the Ministry Environment of the Slovak Republic
JUDr. Cubomira Kubisova together with the General Director of
SGUDS Ing. Branislav Zec, CSc. Photo: L. Sebesta.

sustredenych v Geofonde sa zacalo s digitalizaciou ar-
chivovanych materidlov a s reorganizaciou hmotnej do-
kumentécie. Prestavba budovy v areali SGUDS umoznila
vytvorenie moderného informa¢ného centra Geofondu.

Na poli medzinarodnej spoluprace Pavol Grecula
zabezpecil pokraCovanie plnenia bilateralnych dohdd
s okolitymi Statmi a ich obnovenie s Finskom, Francuz-
skom, Velkou Britaniou a USA. K medzinarodnému
zviditeneniu GS SR prispel aj medzinarodny projekt
DANREG a tiez stretnutia FOREGS (Forum eurdpskych
geologickych sluzieb) ¢i organizovanie zasadnutia CEI
(Stredoeuropske;j iniciativy) a inych vyznamnych podujati.
V jini 1998 zorganizoval stretnutie predstavitel'ov geolo-
gickych ustavov z Ukrajiny, Pol'ska, Ceska, Raktiska, Ma-
d’arska, Rumunska a Slovenska, na ktorom okrem inych
spoloénych aktivit sa dohodol spoloény projekt Flysove
pdsmo Vychodnych Alp a Karpat.

Jubilant dlhé roky patril medzi piliere Slovenskej geo-
logickej spolocnosti. V kosickej pobocke SGS bol predse-
dom v rokoch 1980 — 1990. Neskér v rokoch 1992 — 1997
bol predsedom slovenského vyboru IAGOD (Internatio-
nal Association on the Genesis of Ore Deposits). Bol aj
¢lenom vedeckej rady Fakulty BERG (Fakulty banictva,
ekologie, riadenia a geotechnologii) Technickej univerzity
v Kosiciach. Pracoval ako ¢len viacerych odbornych ko-
misii na udel'ovanie hodnosti PhD. a bol aj ¢lenom komi-
sie na udel'ovanie vedeckej hodnosti DrSc.

Po skonéeni riadiacej ¢innosti v SGUDS sa Pavol Gre-
cula vratil v roku 2001 k aktivnemu pdsobeniu v zakladne;j
geologii ako redaktor novej Geologickej mapy Spissko-ge-
merského rudohoria v mierke 1 : 50 000 (vydana v roku
2007) a s nou suvisiacich vysvetliviek (2009).

Jubilantovi RNDr. Pavlovi Greculovi, DrSc., prajeme
do dalsich rokov zelezné zdravie, rovnako ako povestny
»otcovsky vztah® k mladsim kolegom, pre ktorych bol a je

.....

oporou a mspiraciou.

ry, Romania and Slovakia, where besides other activities
also a joint project ,,Flysch belt of Eastern Alps and Car-
pathians* was agreed.

Pavol Grecula many years belonged among the pillars
of the Slovak Geological Society (SGS). In the KoSice
branch of SGS he was the chairman within the years 1980-
1990. Later - in 1992-1997 - he was the chairman of the
Slovak Committee of IAGOD (International Association
on the Genesis of Ore Deposits). He was also a member
of the Scientific Council of the BERG Faculty (Faculty of
Mining, Ecology, Process Control and Geotechnology) of
Technical University in KoSice. He worked as a member of
several expert committees for the granting PhD. degrees,
and he was also a member of the Commission for granting
the DrSc. scientific degree.

After terminating of managing work in the SGUDS
in 2001, Pavol Grecula has returned to active geological
research as an editor of newly prepared Geological map of
the Spis-Gemer Ore Mts. at a scale of 1:50 000 (issued in
2007) and related explanations to this map (2009).

On the occasion of important jubilee, we wish RNDr.
Pavol Grecula, DrSc., for further years a good health, as
well as continuation of his well known “paternal relation-
ship” to younger colleagues, who always benefited from
his support and inspiration.

Z. Németh & M. Putis§
v mene slovenskej geovednej komunity
on behalf of the Slovak geoscience community
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Geotectonic and metallogenetic evolution of Gemericum
(Inner Western Carpathians) from Ordovician to Jurassic
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Abstract: The Early Paleozoic evolution of Gemericum is connected with opening a riftogeneous basin. The
evolution of the pre-rift stage was bound to an active (Gondwana) continental margin in Cambrian to Ordovician
times. The first phases of continental rifting represent the megacycles of the sedimentary basin fill with bimodal
volcanism of inferred Devonian age. During the last phases of rifting in the middle part of the rift a mid-oceanic
ridge has developed, being accompanied with the first metamorphic recrystallization MO (LP/HT amphibolite
facies), producing new oceanic-type crust, recently representing a part of Rakovec (Zlatnik) and Klatov ophiolitic
complexes (LP/HT amphibolite facies). The massive effusions and extrusions have provided ages ca 410-380 Ma.
The Early Paleozoic complexes were deformed in the Early Carboniferous, when also subduction-accretionary
wedge metamorphism M1a (pumpellyite-actinolite facies) has occurred. Part of the mid-oceanic ridge complexes
and their associated sediments were subducted northward, but the rest underwent obduction, forming an accretio-
nary wedge. This process transported most of the Early Paleozoic basin fill over the northern continental plate in
the form of nappes. Subduction ceased in the Late Carboniferous, being accompanied by further plate convergence
and formation of mélange-related conglomerates. In Permian period, the late-Variscan post-collision collapse and
uplift of the asthenosphere have increased the thermal gradient beneath the overlying plate. The Permian high
thermal gradient brought about regional metamorphism associated with anatectic melting, causing formation and
emplacement of granite during the late Variscan metamorphic phase M1b (amphibolite facies), coinciding with the
beginning of origin of Fe-carbonate mineralization. During Permian, previous subduction processes culminated
in the formation of an island arc associated with rhyolitic volcanism and granite intrusions. Late compressional
and extensional Variscan tectonic processes completed the Variscan nappe structure of the Gemericum and mar-
ked the transition to the extensional phase, associated with the origin of Alpine sedimentary basins. In Jurassic,
Gemericum was exposed to a compressional deformation. The structural pattern was a result of the rebound of the
lithospheric mantle and asthenosphere after their loading by subducted material in the Permian. At the beginning,
reverse movement of the asthenosphere exhumed blocks of metamorphic rocks of the high-pressure, low-tempera-
ture blueschist facies (M2), followed towards the end by the uplift of high-pressure metaperidotites from the great
depths of minimum 50 km and embedded into unmetamorphosed sediments of Permian-Mesozoic units.

Paper provides summary of metallogenetic processes related to each evolutionary phase.

Key words: geotectonic model, metallogenetic model, Paleozoic, Gemericum, Western Carpathians

Late Devonian-Early Carboniferous metallogenesis on the ocean floor Ocean floor metamorphism M . Paper provides a unique model Of continual

i Ba;al: BJN’ fgytt)”t‘e_f Ocean Ridge - Ophiolite Suite Plagiogranite 371 Ma HTILP amphibolite facies ) . .
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o T * Metallogenetic products are summarized for
s . . .
5 all phases of geodynamic evolution with great

= emphasis on metamorphic model of fluids
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, generation
Introduction as well as different genetic types of mineralization, being

for the first time summarized by Grecula and Radvanec

The Gemericum during its Variscan evolution has  (2005a) in geotectonic model of continual Ordovician-Ju-
underwent several events, being recorded in Gemeric  rassic evolution. This model took into account also the
Paleozoic sedimentary and magmatic complexes, several  previous works by Grecula (1982), as well as Radvanec
subsequent tectonic deformation and metamorphic events,  (1998), Grecula (1998), Grecula et al. (1995), Kobulsky
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(2001), Grecula and Radvanec (in Kobulsky, 2001), as
well as Németh (2002). Field works related to exploration
and verification of mineral deposits have confirmed a new
lithostratigraphic division of the Early Paleozoic rocks
and represented a starting point for defining the sequence
of sedimentary, magmatic and tectonic events, as well as
related general geotectonic interpretation of paleotectonic
evolution of Gemericum (Grecula, 1982; Grecula et al.,
1995).

This study is based on detail geological mapping of
the whole area of Gemericum, construction of new geo-
logical map, detail lithological knowledge of Paleozoic
sequences, as well as their metamorphic and tectonic over-
print (Grecula et al., 2009). Above stated genetic model
we make complete by geochronological data (Putis et al.,
2009; Radvanec, et al., 2009 and 2010).

Metallogenetic evolution of Gemericum is closely
tied with geotectonic evolution of this unit (Grecula et al.,
1995). The oldest stratabound sulphidic mineralization is
bound on Early Paleozoic oceanic rift zone with bimodal
basalt-keratophyre volcanism (Radvanec and Bartalsky,
1987, 1988; Radvanec and Grecula, 1985; Radvanec et al.,
1993; Grecula et al., 1995). The younger Variscan metallo-
genetic events are closely related to metamorphic overprint
(Fe-, Mn-, Mg-carbonatic and sulphidic mineralization)
and anatectic melting (S-type of granite, Sn, Mo, W, B
and Li mineralization) within the Late Carboniferous-Late
Permian period (Radvanec, 1987; Radvanec et al., 1990;
Grecula et al., 1991; Bartalsky and Radvanec, 1993; Grec-
ula et al., 1995; Zak et al., 1991; fro and Radvanec, 1997;
Radvanec et al., 2004, Grecula and Radvanec, 2005b; Zak
et al., 2005; Jiang et al., 2008; Radvanec et al., 2010). The
Permian U-Mo-REE mineralization is tied with a volcanic
equivalent of S-type granite (Grecula et al., 1995). Mi-
neralizations of the platinum group elements (PGM), Sc,
Cd and V occur in metapyroxenite, prehnite-pyroxenite
(metalamprophyre), rodingite and serpentinite, being
exhumed with blueschists in Jurassic time (Radvanec
and Uher, 2016; Radvanec, 2005).

The Early Paleozoic evolutionary riftogeneous phases
from the Late Ordovician to Early Carboniferous

The Early Paleozoic evolution of Gemericum we in-
terpret by the model of Late Ordovician-Early Carbonifer-
ous riftogenesis of a part of Paleotethys. The sedimentary
area was described in details by Grecula (1982), as well
as Grecula et al. (1995, 2009 and 2011), which geotec-
tonic evolution (Grecula, 1973; Grecula and Radvanec,
2005a) has started with rift, developing on continental
plate in the northern part of Gondwana. The Ordovician
pre-rift phase is dated by zircon ages in the range 482-458
Ma, obtained from volcanic rocks of rhyolite and dacite
composition, as well as clinopyroxene (Cpx) gabbro in all
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partial Variscan nappes of Gemericum (Putis et al., 2009;
Grecula et al., 2009 and 2011). In localities Ostra, Babina,
Sajby and Dobsinsky potok in the northern zone of Ge-
mericum and in localities Lastovi¢i vrch and Zadné Porce
in the southern Gemericum, the gabbro encompasses the
magmatic diopside (large up to 2.5 cm), Mg-chromite,
Sr-epidote and albite, as well as other minerals. Sr-epi-
dote and albite originated by the decomposition of former
Sr-plagioclase during following post-Ordovician poly-
metamorphism (Radvanec, 1999). Cpx-gabbro has the
lower crust geochemical characteristics (Fig. 1).

The beginning of the rapid riftogenesis — the second
rifting phase - in the Early Paleozoic sequences of Gemer-
icum is indicated by Silurian, resp. Late Silurian-Early De-
vonian sporomorphs, acritarchs and radiolarians from the
upper part of the lower Gemeric lithostratigraphic unit - the
Holec Beds. This period represents advanced stage of rif-
togenesis with formation of anoxic basins with lydites and
black pelites and first manifestations of volcanic activity
of bimodal basalt-keratophyre volcanism mainly in their
overlier (Grecula et al., 2009 and 2011). These volcanic
effusions are accompanied with the origin of stratabound
sulphidic mineralization of the Smolnik type with prevail-
ing Fe>> over Cu>Zn (pyrite prevails over chalcopyrite
and sphalerite). In keratophyre the Ba + Mo + Sn associa-
tion was found (Radvanec and Bartalsky, 1987; Radvanec
and Grecula, 1985; Radvanec et al., 1993; Grecula et al.,
1995). The second riftogenous phase of Late Silurian-Ear-
ly Devonian age with typical sedimentary facies is inter-
preted like the first geotectonic-sedimentary megacycle of
the Gemeric complex producing the lithology of Betliar
Formation, Holec Beds with limestones and Smolnik For-
mation (Grecula et al., 2009 and 2011, Fig. 2).

The main rifting phase (Fig. 3) has continued in the
Late Devonian to Early Carboniferous at first with bimodal
volcanism and later finished with basalt volcanism (Gre-
cula et al., 2009 and 2011). These geotectonic events have
produced distinct segmentation of the sedimentary basin
with very variegated facial evolution of clastic sediments
(Smolnik Formation), characterizing the paleogeographic
conditions of their origin and position in the sedimentary
space of the rift developing on continental crust. The rocks
sequences belonging to these facies are so distinct that can
be reliable areally limited and together with further litho-
logies to be attributed into individual lithostratigraphic and
tectonic units. Third main rifting phase has bordered the
axial part of the basin. Its beginning was in the Late Silu-
rian or the Early Devonian (Fig. 2). The period between
the 1st and 2nd rifting phases would encompass the period
of Early to Middle Devonian.

The beginning of the 3rd rifting phase (Fig. 3) is rep-
resented with the upper bimodal volcanic complex con-
sisting of the basalt and rhyolite effusions. This volcanic
activity was accompanied with stratabound sulphidic
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Fig. 1. Model of geotectonic and lithological evolution of the Paleo-Gemeric complex in Ordovician and the whole-rock chemical
analyses of Cpx—gabbro with original Sr plagioclase normalized on lower crust contents. Localities of tectonic blocks of Cpx-gabbro

with original Sr plagioclase in the northern and southern zones of Gemericum. Di — diopside, SrP1 — Sr plagioclase, MgChr — Mg chro-
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Fig. 2. Model of the Late Silurian-Early Devonian geotectonic and lithological evolution of Gemericum.
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Fig. 3. Model of the Late Devonian to Early Carboniferous geotectonic and lithological evolution of Gemericum. The main phase of
the origin of ophiolite suite, plagiogranite and the ocean floor metamorphism M0. Normalization of the whole-rock analyses on oceanic

crust.

mineralization of the MniSek nad Hnilcom type with pre-
vailing Fe over Cu-Zn-Pb-Zn-Ag and As contents, pyrite
above chalcopyrite, galenite and sphalerite (Grecula et al.,
1995). In the central part of the rift the mid-oceanic ridge
has originated with gradually widening oceanic crust with
the origin of rocks of the present day Rakovec complex
(nappe, Grecula et al., 2009 and 2011). In the area of the
mantle asthenosphere uprise the rock complexes of the
mid-oceanic ridge have been metamorphosed to amphi-
bolites and gneisses. This metamorphism of oceanic crust
is characterized by a high temperature and low pressure
conditions and related HT/LP metamorphism MO. In the
rift area the plagiogranite has originated, being composed
of hornblende, K-feldspar, albite, muscovite and biotite.
According to Rb-Sr isochrone from these minerals, the
plagiogranite age is 371 + 4 Ma and cooling of hornblende
has an age of 362 Ma. These ages are in good agreement
with the zircon ages from the gneiss-amphibolite complex
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in the range 385-342 Ma (Putis et al., 2009). The main
Late Devonian-Early Carboniferous rifting phase is repre-
sented with a complete ophiolite suite: serpentinites/meta-
peridotites, Cpx-gabbros with plagioclase and chromite
and the gneiss-amphibolite complex in localities Dobsina,
Delava, Rudiany, Jaklovece, Strazny vrch and Klatov in
the northern, but also southern Gemericum (serpentinite,
the Strazny vrch locality). The rocks of ophiolite suite
manifest in all known localities the tectonic contact with
their surrounding rocks. The normalization of chemical
composition of samples from the amphibolite complex and
metagabbros of ophiolite suite is in good agreement with
the oceanic crust (Fig. 3). The serpentinites from Klatov
and Strazny vrch localities manifest a komatiite composi-
tion. In further parts of the basin on continental crust the
clastic sedimentation with local rhyolite volcanism has
continued. The 3rd rifting phase has completed the paleo-
geography of the Early Paleozoic sedimentary area, and
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»| metapelite metamorphosed
n MO - ocean floor and in

1 M1a - Pmp-Act facies.

subducted crustal
and mantle fragments

Fig. 4. Model of geotectonic and lithological evolution and obduction of Gemeric complex in the Late Carboniferous. Exhumation
and emplacement of tectonic blocks of Cpx gabbros with Di — diopside, Jd - jadeite, StEp — Sr epidote, Ab — albite, Pmp — pumpellyite,

Act — actinolite, Omp — omphacite, Phl —

biotite (protolith, lower crust) and position of tectonic blocks of metaophiolite suite (proto-

lith, oceanic crust). M1la — pumpellyite-actinolite facies. Win-Bar — winchite-barroisite - blueschists facies. Jd+Pmp+SrEp+Phl+Ab
— boundary of eclogite facies. Conglomerates C1- coarse-clastic conglomerates, Early Carboniferous.

by this way also characteristic facial developments of the
uppermost lithostratigraphic unit — the Hnilec Formation —
as well as the Early Paleozoic evolutionary phase (Grecula
et al., 2009 and 2011).

Late Paleozoic phase of convergent Variscan events

The following phase of Variscan cycle has probable
started in the Devonian/Carboniferous boundary period.
The paleontologically proved Late Viséan sediments were
deposited on folded and metamorphosed Early Paleozoic
footwall. In the Early to Middle Carboniferous a new de-
formation phase in the Early Paleozoic complexes started,
encompassing the beginning of subduction processes. In
this period an accretion basin has originated with sedimen-
tation of coarse clastic material derived from the Early
Paleozoic rock sequences prevailingly of oceanic ridge,
but also granites-tonalites (Radvanec, 1998). Part of these
coarse clastic complexes (e.g. the Rudiiany conglomerates)
was dragged to subduction channel together with further
rocks (Fig. 4). The shortening of the sedimentary space
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has continued in the Late Carboniferous by obduction and
formation of Variscan nappes.

The majority of rocks from the mid-oceanic ridge
(ophiolite suite) as well as surrounding sediments were
obducted. By this way the accretion prism complexes
were thrust on the northern continental plate (Fig. 4).
Seven Variscan nappes were distinguished from the south
northward: Medzev, Jedl'ovec, Humel, Prakovce, Mnisek,
Kojsov and Rakovec nappes (Grecula, 1982; Grecula et
al., 2009 and 2011). Characteristic pumpellyite-actinolite
metamorphic facies of this compression/obduction phase
and starting subduction is designated as Mla. For the
ophiolite suite rocks, being metamorphosed by the MO0
metamorphism in the oceanic crust (HT/LP — amphibolite
and epidote-amphibolite facies), the M1a metamorphism
represents the retrogression and compression metamor-
phism, similarly as for the Cpx gabbros exhumed from the
lower crust (in localities Babina, Ostra, Sajby, Dobsinsky
potok, Lastovi¢i vrch and Zadné Porce) with jadeite — om-
phacite — Sr epidote — albite assemblage, being in the Late
Carboniferous (313 Ma) exhumed from the depth of eclo-
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gite facies on 600 °C isograd (Babina, Ostra) resp. from
the blueschists zone (Sajby) to M1a — pumpellyite-actino-
lite facies metamorphism (Radvanec, 1999 and 2000).

In the Late Carboniferous (Fig. 4) there starts a sub-
duction, as well as convergence of the Gondwana
and Armorica plates. The asthenospheric uprise in the
footwall of active plate has continued. In the subduction
channel a part of earlier subducted material has returned
back to surface, including the Rudiany conglomerates
(Radvanec, 1998) as well as exhuming tectonic blocks
of Cpx-Sr metagabbros from the lower crust (Radvanec,
1999). The uplift of asthenosphere beneath the active plate
caused an increase of the temperature. It is supposed that
the 600 °C isograde in this stage has reached the upper
part of the continental crust and has corresponded to con-
ditions of the gradient of continental orogenic belt, i.e. the
regional (orogenic) metamorphism. In Veporic complexes

in this isograde there originated the anatectic melt, resp.
granite-tonalite melt with revealed ages of 340-290 Ma,
being subsequently emplaced in the Veporic rock sequence
(Fig. 4).

In Permian and Triassic, the Variscan subduction pro-
cesses have produced the origin of island arc rhyolite,
andesite and basalt volcanism and granite magmatism
(Fig. 5). There originated the anatectic granites of S-type
with Sn-W-Mo-B-Li-F-As mineralization in their imme-
diate surrounding. In the surrounding of Permian volca-
noes, close to the surface, or on the surface, the U-Mo-
REE mineralization and gypsum/anhydrite deposits have
developed (Grecula et al., 1995). In the area of geothermal
gradient along the hot lines, the medium-pressure meta-
morphic events in epidote-amphibolite or amphibolite
facies (M1b) have occurred. Numerous tectonic blocks of
Cpx gabbros with Sr epidote, blocks of ophiolite suite, Ear-

Permian-Triassic Metagabbro overprinted  Meta-ophiolite suite overprinted
] in M1b - amphibol. facies in M1b - amphibol. facies
Granite S-type 261 Ma
S Detrital Zrn in pelitic sediments Betliar, Gul'apalag, Humel N
247 Ma >> 275-262 Ma Granite S-type
1000, 600, 510, 470, 365 Ma Sulova, Hnilec, Delava
Subducti ; U-Mo-REE, 263-258 M.
ubduction - accretion Fe-Mg-Mn carbonates gybsum a
Noric terrane wedge and sulphides in veins andesite- bagalt ST AMo-R
Late Paleozoic sediments or in bodies of carbonates W rhyolite  |~\%7 Lo
passive margin
- ~ S A It | |
P ) 5. bt
el b
et Henl ] - 15 km
, e, — AR AN,
'Pan-African and Cam - Ord basement |+ IR fﬁ‘ﬂ
F + = e E
& - 4 -+ 4\ Gondwan Tatric-Veporic
e crystalline
i LT T 7@
\ + “m——— -35km
Mantle lithosphere \ +
%0,
................................ \ %
B00°C L . o ™
‘ @D Metagabbro-lamprophyré™**-\... >
core Zrn 804'-760 Ma | 679-635 Ma - —_— - =X ' Y
1748 |Dankov4, Jaklovee Dankova, Jaklovee 571'-527 Ma 182-460Ma v " ',-
;ggi Va Dankova, Jaklovce 7 | = % "Alnlw\‘;lF’sr;(;grsn e
et 3BiMa  + L% : ;
1000°C . Dankovt 4, S 24 Ma Hot line
me"% - 100 km

Fig. 5. Model of geotectonic, metallogenetic and lithological evolution in Permian and Triassic. Numbers show the zircon ages.

PGM - platinum group minerals.
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Jurassic  |Blueschists - detrital Zm 422 Ma 3

Gemeric unit

HPILT pelitic sediments - detrital Zrn
1000, 600, 510, 470, 365, 247 Ma \
Metagabbro-metalamprophyre 1748 - 334 Ma in
retrograde prehnite-actinolite facies
Tectonic blocks M2 - @ - Sc,V mineralization
Rodingite and metaperidotite-metapyroxenite
Tectonic blocks M2 - @ - PGM,Cd mineralization

Silicic unit

Metagabbro-lower crust
Polymetamorphic events

Zone of veins

' mineralization

in M1a, M1b and M2 M1
Meta-ophiolite suite /

) Oceanic crust

Polymetamorphic events
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N
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Fig. 6. Model of geotectonic and lithological evolution in Jurassic period.
PGM - platinum group minerals.

ly Paleozoic rhyolites and dacites were in closeness of the
hot line again metamorphosed in the epidote-amphibolite
facies or in amphibolite facies (M1b). Despite, the relics of
older pumpellyite-actinolite facies (M1a), resp. the ocean
floor metamorphism MO have often preserved. The hot
lines are characteristic for the island arc metamorphism.
In Permian, the main mineralization processes took part
there, including the deliberation of fluids prevailingly
from the Early Paleozoic rocks (variegated volcanic com-
plex, Holec Beds) and their penetration into extensional
tectonic fractures in the cooling zones. There originated
prevailingly the siderite-sulphidic vein mineralization,
as well as there occurred conditions for the Fe and Mg
metasomatism (siderite-ankerite and magnesite bodies)
on calcite-limestone protolith, as well as metamorphic
overprint of sedimentary and exhalation-sedimentary
mineralization in Early Paleozoic formations of the lower
and upper ore bearing horizons (Radvanec, 1987; Radva-
nec et al., 1990; Grecula et al., 1991; Bartalsky and Rad-
vanec, 1993; Grecula et al., 1995; Zak et al., 1991; iro
and Radvanec, 1997; Radvanec et al., 2004; Grecula and
Radvanec, 2005b; Zak et al., 2005; J iang Shao-Yong et al.,
2006; Radvanec et al., 2010).
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In the following period in the area of Permian ac-
cretion prism the accretion basin has formed with the
sedimentation of the coarse-clastic material (Permian
conglomerates), pelites and psammites (Grecula et al.,
2009 and 2011). In Triassic, the pelitic sediments in the
same continual accretion prism were characterized by the
high ratio of quartz and hematite with radiolarites — deep
marine trench sediments. At the village of Jaklovce these
sedi- ments contain prevailingly detrital zircon with the
Early Triassic magmatic age of 247 Ma (Puti$ et al., 2011),
but also some recycled older zircons of the age 1000-365
Ma (Fig. 5). In the Permian-Triassic lithospheric mantle,
on isograde of 600 °C, the metagabbro-metalamprophyre
in locality Dankova has registered conditions of the eclog-
ite facies with the origin of garnet (Alm, Prp, Grs ,) and
Cr-REE tawmawite (epidote-eclogite facies) from the
contact of subducted plate in the depth around 50 km
(Radvanec et al., 2009). The age of zircons in this rock
in localities Dankova and Jaklovce varies from 1748 to
334 Ma (unpublished data set). Various zircon generations
have recorded all evolution phases of the Gemericum up to
Permian (Fig. 5). In the asthenosphere until Permian-Tri-
assic at high temperatures the platinum group metals (Pd,
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Pt, Os, Ir) were transported towards the subducting plate
(Radvanec and Uher, 2016).

Alpine geotectonic evolution

The terminating compression and extension of Vari-
scan tectonic processes have finished the Variscan nappe
setting of Gemericum and Veporicum, their mutual rela-
tions and the beginning of extensional period, connected
with the formation of Alpine sedimentary areas of Meliati-
cum, Silicicum and the Triassic in the North-Gemeric zone
(Fig. 6). The Jurassic setting of Gemericum was formed
in compression regime (Grecula and Radvanec, 2001 in
Kobulsky et al., 2001). Such setting was conditioned by
the reversal movement of lithospheric mantle, and main-
ly of asthenosphere after its loading by a large amount of
subducted material in Permian. The reversal movement of
asthenosphere at the beginning of exhumation in Jurassic,
encompassing variegated tectonic blocks, has firstly
pushed out the metamorphites of M2 HP/LT blueschists
facies, glaucophanites, rodingites and at the end also
metaperidotites-serpentinites, metalamprophyres, being
the bearers of Sc, V, PGM and Cd mineralization from the
eclogite facies depth levels. The mantle has squeezed the
exhumed tectonic blocks of M2 metamorphites of various
protolith by the reversal movement into the prevailingly
non-metamorphosed environment of limestones and clas-
tic sediments of Permian-Mesozoic units, originating in
the overlier of Variscan accretion complex (and sediments
of weakly metamorphosed passive continental margin
from the Permian period). Jurassic exhumation phase, re-
corded by the crystallization of the youngest generation
of phengite, was dated by the Ar/Ar and K/Ar method in
exhumed blueschists with glaucophane (Dallmeyer et al.,
1996; Faryad and Henjes-Kunst, 1997). The rocks of Si-
licicum are in the area of reversal exhumation of the sub-
ducted wedge in the nappe position to Paleozoic basement
of Gemericum. In the North-Gemeric zone the Mesozoic
complexes of the same age are in autochthonous position
and their gradual transition to underlying Permian rocks
can be observed (Grecula et al., 2009 and 2011).

In the Late Jurassic, but mainly Early Cretaceous, the
tectonic arrangement of the rock complexes of Gemeri-
cum, i.e. of the products of metamorphic events M0, M1a,
MI1b and M2 to approximately recent position has termi-
nated.

Conclusion

The recent tectonic setting of Gemericum has origina-
ted by the displacements on shear zones in the late-Va-
riscan period. The ocean floor metamorphites MO were
preserved as tectonic blocks of the gneiss-amphibolite
complex mainly on the north of Gemericum. Metamor-
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phism Mla in the pumpellyite-actinolite facies from the
Late Carboniferous was overprinted by the M 1b amphibo-
lite facies peak of heat flow at the Late Permian island arc
metamorphism. The formation of the Fe-Mn-Mg carbon-
ate and sulphidic vein and stratabound (metasomatic) min-
eralization, related to M1b metamorphism, has terminated
in this period, too.

The presence of exhumed “high-pressure” metamor-
phosed exotic blocks in the metamorphosed Late Carboni-
ferous of the mélange type confirm an unique interpretation
of the closure of Paleotethys basin in European Variscides.
We do not exclude also the later local penetration of indi-
vidual blocks of metamorphic rocks prevailingly into the
Permian-Triassic sequences. This later exhumation process
was of one-shot type and tightly bound on Jurassic reversal
movement of the mantle. This process has terminated the
exhumation of the high-pressure metamorphic blocks.

At the end of Jurassic or after Jurassic the M2 meta-
morphism has obtained regional character related to com-
pletion of tectonic “rearrangement” of Gemericum. In the
post-Jurassic period the M2 metamorphism has reached
conditions at the boundary of the middle-pressure green-
schists facies. This metamorphism was caused by the final
emplacement of the mantle (its upper boundary) beneath
the Gemericum, when the isotherm 500 °C becomes sta-
bilized in the depth of 15-20 km, which corresponds to
temperature gradient 25 °C/km of Alpine metamorphism.

The regional character of the M2 metamorphism pro-
bable has terminated as late as in the Early Cretaceous.
It represented the rejuvenation “Alpine metamorphism
M2”, in which the rocks of Gemericum in compression
regime were metamorphosed again in the middle-pressure
(4-5 kbar) greenschists facies conditions. In the older mi-
neral assemblage from the metamorphism Mla and M1b
the regional metamorphism M2 was found only locally
in shear zones, because the older mineral assemblages
of Mla and M1b metamorphism were stable in regional
process M2. The metamorphism M2 in Gemericum did
not overreach the boundary of the greenschists facies.
Metamorphism M2 locally rejuvenated also the vein and
stratabound mineralization, because it acted in compres-
sional regime, but the “ore-bearing fluids” have generated
only sporadically and without more significant mineraliza-
tion effects.

It is probable that in Jurassic the mantle beneath Ge-
mericum acquired the recent position, as indicated by the
magnetotelluric model (Pawliszynowa, 1978, in Grecula
et al.,, 1995) as well as gravimetric and seismic models
(Bezék et al., 1997; Sefara et al., 1996). The shape of litho-
spheric mantle and asthenosphere beneath Gemericum, as
well as metamorphic events of the vein and stratabound
mineralization in the last phase of the evolution of Ge-
mericum in Jurassic is schematically visualized in Fig. 6.
The configuration of the mantle in the figure, derived from
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gravimetric and seismic models has formed owing to the
existence of subduction slab from Variscan era, dipping to
N. The shape of the mantle in Jurassic-Cretaceous period
has initiated the subsequent reversal uplift and exhumation
of subducted high-pressure metamorphic rocks and their
emplacement into accretion complex.
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ako aj z ich metamorfného a tektonického prepracovania
(Grecula et al., 2009). Uvedeny geneticky model doplia-
me o geochronologické tidaje (Putis et al., 2009; Radvanec
et al., 2009 a 2010).

Metalogeneticky vyvoj gemerika je neoddelitel'ne spo-
jeny s geotektonickym vyvojom gemerika v ¢ase a odvode-
ny od neho (Grecula et al., 1995). Najstarsia stratiformna
sulfidickd mineralizacia je viazand na staropaleozoicky
oceansky rift s bimodalnym bazaltovo-keratofyrovym vul-
kanizmom (Radvanec a Bartalsky, 1987, 1988; Radvanec
a Grecula, 1985; Radvanec et al., 1993; Grecula et al.,
1995) a mladsie, variské metalogenetické udalosti st uzko
spété s metamorfozou (Fe-, Mn- a Mg-karbonatova a sulfi-
dicka mineralizacia) a s anatektickym tavenim (granit typu
S, Sn, Mo, W, B a Li mineralizacia) v obdobi od vrchné-
ho karbonu po vrchny perm (Radvanec, 1987; Radvanec
et al., 1990; Grecula et al., 1991; Bartalsky a Radvanec,
1993; Grecula et al., 1995; Zak et al., 1991; fro a Rad-
vanec, 1997; Radvanec et al., 2004; Grecula a Radvanec,
2005b; Zak et al., 2005; Jiang Shao-Yong et al., 2006;
Radvanec et al., 2010). Na vulkanicky ekvivalent granitu
typu S sa viaze U-Mo-REE mineralizacia v perme (Grecu-
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la et al., 1995). Mineralizacie platinovej skupiny (PGM),
Sc, Cd a V su viazané v metapyroxenite, prehnit-pyroxe-
nite (metalamprofyre), rodingite a serpentinite, ktory bol
exhumovany v jure spolu s modrymi bridlicami (Radvanec
a Uher, 2016; Radvanec, 2005).

Vyvojové riftogénne etapy starsieho paleozoika
od vrchného ordoviku po spodny karbén

Staropaleozoicky vyvoj gemerika pokladame za rifto-
génny od vrchného ordoviku po spodny karbon ako stiéast’
Paleotetydy. Sedimentacny priestor, ktory podrobne opi-
sali Grecula (1982 a 1995) a Grecula et al. (2009 a 2011)
a ktorého geotektonicku poziciu uz tiez znazornili (Gre-
cula, 1973; Grecula a Radvanec, 2005), sa najprv vyvijal
okolo tvoriaceho sa riftu na kontinentalnej platni. Tou bol
severny okraj Gondwany. Predriftové stadium v ordoviku
je datované zirkonmi v rozsahu od 482 do 458 mil. rokov
a charakterizuje ho ryolit, dacit a klinopyroxenické (Cpx)
gabro vo vSetkych Ciastkovych variskych prikrovoch ge-
merika (Puti$ et al., 2009; Grecula et al., 2009 a 2011).
Na lokalitach Ostra, Babina, Sajby a Dobsinsky potok na
severe gemerika a na lokalitach Lastovi¢i vrch a Zadné
Porce na juhu gemerika gabro obsahuje magmaticky diop-
sid (do 2,5 cm), Mg-chromit, Sr-epidot, albit a i. Sr-epidot
a albit vznikli z rozpadu povodného Sr-plagioklasu v pro-
cese naslednej poordovickej polymetamorfézy (Radvanec,
1999 a 2000). Cpx gabro méa geochemické charakteristiky
spodnej kory (obr. 1).

Pociatok rapidnej riftogenézy — druha etapa riftingu —
v starSom paleozoiku gemerika na zaklade idajov o na-
lezoch sporomorf, akritarch a radiolarii z vrchnej casti
spodne;j litostratigrafickej jednotky gemerika — holeckych
vrstiev — indikuje siltrsky alebo vrchnosilursky az spod-
nodevonsky vek. Toto obdobie znamenad pokrocilejsiu
riftogenézu s tvorbou anoxickych panvi, so vznikom ly-
ditov a ¢iernych pelitov (holecké vrstvy) a s prvymi pre-
javmi vulkanickej ¢innosti hlavne v ich nadlozi v podobe
vylevov vulkanickych produktov s bimodalnym bazalto-
vo-keratofyrovym zlozenim (Grecula et al., 2009 a 2011).
Tieto vulkanické vylevy sprevadzal vznik stratiformnej
sulfidickej mineralizacie typu Smolnik, kde prevlada Fe
>>nad Cu > a Zn (pyrit nad chalkopyritom a sfaleritom)
a v keratofyre sa zistila asocidcia Ba + Mo + Sn (Radvanec
a Bartalsky, 1987, 1988; Radvanec a Grecula, 1985; Rad-
vanec et al., 1993; Grecula et al., 1995). Druhé obdobie rif-
togenézy od vrchného siluru po spodny devon s typickymi
sedimentarnymi faciami sa povazuje za prvy geotektonic-
ko-sedimenta¢ny megacyklus gemerického komplexu so
vznikom betliarskej formacie, holeckych vrstiev s vapen-
cami a smolnickeho suvrstvia (Grecula et al., 2009 a 2011;
obr. 2).

Hlavna etapa riftingu (obr. 3) pokracovala vo vrchnom
devone az do spodného karbonu najprv bimodalnym vul-
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kanizmom a v zavere bazaltovym vulkanizmom (Grecula
etal., 2009 a 2011). Tieto geotektonické udalosti sposobili
vyrazné Clenenie sedimenta¢ného priestoru s vel'mi pes-
trym facialnym vyvojom klastickych sedimentov (smol-
nicke suvrstvie), ktoré charakterizuju paleogeografické
podmienky vzniku a ich poziciu v sedimentacnom priesto-
re riftu na kontinentalnej kore. Horninové subory patria-
ce k tymto faciam su také charakteristické, ze ich mozno
spol'ahlivo priestorovo vymedzit' a spolu s ostatnymi
horninami zaradit’ aj do samostatnych litostratigrafickych
a tektonickych jednotiek. Tretia hlavna etapa riftingu uz
ohraniCila osovu Cast’ panvy. Jej zaciatok bol vo vrchnom
silure alebo az v spodnom devéne (obr. 2) a obdobie medzi
1. a 2. riftingom by mohlo zaberat’ spodny a stredny devon.

Zaciatok tretej etapy riftingu (obr. 3) reprezentuje
vrchny bimodalny vulkanicky komplex v podobe vylevu
bazaltu a ryolitu. Tuto vulkanickl aktivitu sprevadza stra-
tiformna sulfidickd mineralizacia typu MniSek nad Hnil-
com, kde prevlada Fe nad Cu, Zn, Pb, Zn, Ag a As a pyrit
nad chalkopyritom, galenitom a sfaleritom (Grecula et
al., 1995). V centralnej Casti riftu vznikol stredoocean-
sky chrbat s postupne sa rozsirujucim oceanskym typom
kéry a na nej vznikali horniny casti dnesného rakovec-
kého komplexu (prikrovu; Grecula et al., 2009 a 2011).
V oblasti vystupu plastovej astenosféry sa metamorfovali
predtym vzniknuté horninové komplexy v oblasti ocean-
skeho chrbta na amfibolit a rulu. Tuto metamorfozu na
ocednskom dne charakterizuje vysoka teplota a nizky tlak,
je to HT/LP metamorféza MO. V tejto oblasti riftu vznikol
plagiogranit s hornblendom, K-Zivcom, albitom, muskovi-
tom a biotitom. Podl'a Rb-Sr izochrony z tychto mineralov
je vek plagiogranitu 371 + 4 mil. rokov a vek chladnutia
hornblendu je 362 mil. rokov. Tieto tdaje st v dobrej zho-
de s vekom zirkénu z rulovo-amfibolitového komplexu,
ktory je v rozsahu od 385 do 342 mil. rokov (Putis et al.,
2009). Hlavnu etapu riftu v obdobi vrchného devonu az
spodného karbonu reprezentuje kompletna ofiolitova sui-
ta: serpentinity/metaperidotity, Cpx gabra s plagioklasom
a chromitom a rulovo-amfibolitovy komplex na lokalitach
Dobsina, Delava, Rudnany, Jaklovce, Strazny vrch a Kla-
tov na severe, ale aj na juhu gemerika (serpentinit, Strazny
vrch). Horniny ofiolitovej suity s vzdy tektonicky obme-
dzené oproti svojmu okoliu. Normalizacia chemického
zloZzenia vzoriek amfibolitového komplexu a metagabier
(ofiolitovej suity) je v dobrej zhode z oceanskou korou
(obr. 3). Serpentinity z Klatova a Strazneho vrchu maju
komatiitovy charakter. V ostatnych castiach panvy na
kontinentalnej kore pokracovala klastickd sedimentacia
s prejavmi lokalneho ryolitového vulkanizmu. Tretia eta-
pa riftingu dovfSila paleogeografiu sedimentacnej oblasti
starSicho paleozoika a tym aj charakteristické facialne
vyvoje najvyssej litostratigrafickej jednotky — hnileckého
suvrstvia — a sucasne aj vyvojovu etapu starSicho paleo-
zoika (Grecula et al., 2009 a 2011).
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Miladopaleozoické etapy konvergentnych
variskych udalosti

Nasledujuca etapa variského cyklu sa pravdepodobne
zaCala uz na hranici devon/karbon. Sedimenty vrchného
visénu, dolozené paleontologicky, lezia na zvrasnenom
a metamorfovanom podlozi starSieho paleozoika. V spod-
nom a strednom karbone bola d’al$ia deformacna etapa sta-
ropaleozoickych komplexov s nastupom subdukénych
procesov. V tomto obdobi sa vytvoril akre¢ny bazén so
sedimentaciou hruboklastického materialu pochadzaju-
ceho zo staropaleozoickych hornin prevazne oceanskeho
chrbta, ale aj granitov-tonalitov (Radvanec, 1998). Cast
tychto hrubych klastik (napr. aj rudniansky zlepencovy
typ) bola strhavana do subdukcéného kanala spolu s os-
tatnymi horninami (obr. 4). Skracovanie sedimentacného
priestoru preslo vo vrchnom karbone do obdukcie a tvorby
variskych prikrovov.

Hlavné mnozstvo hornin stredoocednskeho chrbta
(ofiolitova suita) a okolitych sedimentov obdukovalo.
Takto vznikli nasuny a presmyky akre¢ného komplexu vo
forme prikrovov na severni kontinentalnu platiiu (obr. 4).
Vznikli variské prikrovy v takomto poradi z juhu na se-
ver: medzevsky, jedl'ovecky, humelsky, prakovsky, mnis-
sky, kojSovsky a rakovecky (Grecula et al., 2009 a 2011).
Charakteristickd metamorfoza tejto kompresie/obdukcie
a zacinajucej sa subdukcie je M1a — pumpellyitovo-akti-
nolitova facia. Pre horniny ofiolitovej suity, ktoré boli me-
tamorfované v oceanskej kore MO (HT/LP — amfibolitova
a epidotovo-amfibolitova fécia), je charakteristicka M1la
retrogradna a kompresna metamorféza, rovnako ako pre
exhumované Cpx gabra zo spodnej kory (lokality: Babi-
na, Ostra, Sajby, Dobsinsky potok, Lastovi¢i vrch, Zad-
né Porce) s jadeitom, omfacitom, Sr-epidotom a albitom.
Tieto gabra boli vo vrchnom karbone (313 mil. rokov)
exhumované z hibky eklogitovej facie na izograde 600 °C
(Babina, Ostra), resp. z hibky modrych bridlic (Sajby) do
M1a — pumpellyitovo-aktinolitovej facie (Radvanec, 1999
a 2000).

Vo vrchnom karbone (obr. 4) pokracovali procesy za-
¢inajucej sa subdukcie, ako aj priblizovania konverguju-
cich platni Gondwany a Armoriky a zdvihu astenosféry
v podlozi aktivnej platne. Zo subdukéného kanala sa cast’
predtym subdukovaného materialu vracala spit’ vratane
rudnianskych zlepencov (Radvanec, 1998) spolu s uve-
denymi tektonickymi blokmi Cpx-Sr metagabra zo spod-
nej kory (Radvanec, 1999 a 2000). Pri zdvihu astenosféry
pod aktivnou platiiou stipla aj teplota. Predpoklada sa, ze
600-stupnovy izograd v tomto $tadiu uz dosahoval vrchna
cast’ kontinentalnej kory a zodpovedal tak podmienkam
gradientu kontinentadlneho orogénneho pasma, teda re-
gionalnej metamorfozy. Vo veporickych komplexoch na
tomto izograde vznikla anatekticka tavenina, resp. gra-
nitovo-tonalitova tavenina (340 — 290 mil. rokov), ktora
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bola nasledne umiestnena vo veporickom komplexe hor-
nin (obr. 4).

V perme a triase variské subdukéné procesy vyvrcho-
lili vyvojom ostrovného obluka, ryolitovym, andezitovym
a bazaltovym vulkanizmom a granitovym magmatizmom
(obr. 5). Vznikli anatektické S-typové granity s Sn-W-
-Mo-B-Li-F-As mineralizdciou v ich bezprostrednom
okoli. V okoli permskych vulkanitov, blizko povrchu
a na povrchu to bola U-Mo-REE mineralizacia a lozis-
ka sadrovca/anhydritu (Grecula et al., 1995). V oblasti
geotermického gradientu okolo horticich linii prebiehali
strednotlakové metamorfné udalosti v epidotovo-amfibo-
litovej alebo amfibolitovej facii (M1b). Mnohé tektonické
bloky Cpx gabier so Sr-epidotom, bloky ofiolitovej suity,
staropaleozoické ryolity a dacity boli v blizkosti horuce;j
linie znovu metamorfované v epidotovo-amfibolitovej
alebo amfibolitovej facii (M1b), priCom relikty starSe;j,
pumpellyitovo-aktinolitovej facie (Mla), resp. metamor-
fozy oceanskeho dna MO sa ¢asto zachovali. Horuce linie
su charakteristické pre metamorfézu ostrovného oblu-
ka. V perme prebiehali hlavné etapy mineralizacie, t. j.
generovanie fluid predovsetkym zo staropaleozoickych
hornin (pestry vulkanicky komplex, holecké vrstvy) a ich
prenos v etape kompresného ochabnutia do tektonickych
tenznych fraktar. Vznikla prevazne sideritova zilna, sideri-
tovo-sulfidicka mineralizacia, ako aj podmienky na meta-
somatické procesy (Fe a Mg metasomatoza, siderit-ankerit
a magnezit) na kalcitovo-vapencovom protolite a na me-
tamorfné prepracovanie sedimentarneho a exhalacno-se-
dimentarneho zrudnenia v staropaleozoickych suvrstviach
spodného a vrchného rudonosného horizontu (Radvanec,
1987; Radvanec et al., 1990; Grecula et al., 1991; Bar-
talsky a Radvanec, 1993; Grecula et al., 1995; Zik et al.,
1991; fro a Radvanec, 1997; Radvanec et al., 2004; Grecu-
la a Radvanec, 2005b; Zék et al., 2005; Jiang Shao-Yong
et al., 2006; Radvanec et al., 2010).

V d’alSom obdobi sa v oblasti permskej akrecnej prizmy
vytvoril akre¢ny bazén so sedimentaciou hruboklastického
materialu (permské zlepence), pelitov a psamitov (Grecula
et al., 2009 a 2011). Pelitické sedimenty v tej istej a ne-
prerusenej akreénej prizme v triase charakterizuje vysoky
podiel kremena a hematitu s radiolariami — hlbokomor-
ské trencové sedimenty. Pri Jaklovciach tieto sedimenty
obsahuju prevazne detriticky zirkén spodnotriasového
magmatického veku 247 mil. rokov (Puti$ et al., 2011),
ale aj starSie recyklované zirkony veku od 1 000 do 365
mil. rokov (obr. 5). Metagabro-metalamprofyr z lokality
Dankova, pochadzajtci z litosférického plasta z obdobia
permu az triasu, zaznamenal na kontakte subdukujicej
dosky v hibke okolo 50 km (Radvanec et al., 2009) na
izograde 600 °C v podmienkach eklogitovej facie vznik
granatu (Alm, Prp, Grs ,) a Cr-REE tawmawitu (epidoto-
vo-eklogitova facia).

Vek zirkénov v tejto hornine na lokalite Dankova
a Jaklovce je variabilny, od 1 748 do 334 mil. rokov (ne-
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publikované tdaje), priCom rézne generacie zirkonu za-
znamenali vSetky vyvojové etapy gemerického komplexu
do permu (obr. 5). V astenosfére boli v obdobi do permu
az triasu transportované k subdukénej doske pri vysokej
teplote kovy platinovej skupiny (Pd, Pt, Os, Ir) (Radvanec
a Uher, 2016).

Alpinske etapy geotektonického vyvoja

Doznievajiice kompresné a extenzné variské tektonic-
ké procesy dokoncili varisku prikrovovu stavbu gemerika
a veporika, ich vzajomné vztahy a zaciatok extenzné¢ho
obdobia spétého s tvorbou alpinskych sedimentacnych
priestorov meliatika, silicika a severogemerického triasu
(obr. 6). Jurské usporiadanie gemerika bolo v kompresnom
rezime (Grecula a Radvanec in Kobulsky et al., 2001). Ta-
kéto usporiadanie podmienil reverzny pohyb litosférické-
ho plast’a, a hlavne astenosféry po jej zat'azeni vyznamnym
objemom subdukujuceho materidlu v perme. Reverzny
pohyb astenosféry na zaciatku exhumacie v jure vo forme
pestrych tektonickych blokov najskor vytlacil metamorfity
M2 vysokotlakovej a nizkoteplotnej facie modrych brid-
lic, glaukofanitov a rodingitov a na jej konci aj metaperi-
dotity-serpentinity a metalamprofyry, ktoré st nositelom
Sc, V PGM a Cd mineralizacie z hibky okolo eklogito-
vej facie. Tektonické bloky metamorfitov M2 z rézneho
protolitu exhumujice plast’ reverznym pohybom vrazil
prevazne do nemetamorfovaného prostredia vapencov
a klastickych sedimentov permsko-mezozoickych jedno-
tiek vzniknutych v nadlozi variského akre¢ného komplexu
(a sedimentov slabo metamorfovaného pasivneho okraja
kontinentu z permského obdobia). Jurské exhumacné $ta-
dium krystalizacie najmlad$ej generacie fengitu pomocou
Ar/Ar a K/Ar datovania v exhumovanych modrych bridli-
ciach s glaukofanom dolozili Dallmeyer et al. (1996) a Fa-
ryad a Henjes-Kunst (1997). Horniny silicika st v oblasti
reverznej exhumacie subdukovaného klina v prikrovovej
pozicii k paleozoickému podkladu gemerika. Na S od ge-
merika st rovnako staré mezozoické komplexy v pozicii in
situ a mozno tam sledovat ich plynuly prechod do podloz-
nych hornin permu (Grecula et al., 2009 a 2011).

Vo vrchnej jure, ale najmé v spodnej kriede sa tekto-
nické usporaduvanie horninovych komplexov gemeri-
ka, a teda aj produktov metamorfnych udalosti M0, Mla
MI1b a M2 do priblizne sti¢asnej pozicie skoncilo.

Zaver

Teraj$i tektonicky obraz gemerika vznikol pohybmi na
striznych zonach v neskorovariskom obdobi. Metamor-
fity oceanskeho dna MO sa zachovali v podobe tektonic-
kych blokov rulovo-amfibolitového komplexu hlavne na
S gemerika. Metamorféza Mla v pumpellyitovo-aktino-
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litovej facii vrchného karbonu bola prepisana teplotnym
vrcholom amfibolitovej facie pri regiondlnej termalnej
metamorfoze vo vrchnom perme a M1b. V tomto §tadiu
metamorfozy MIb (metamorfoza ostrovného obluka) sa
skoncila aj tvorba Fe-Mn-Mg karbonatovej a sulfidicke;j
zilnej a stratiformnej karbonatovej (metasomatickej) mi-
neralizécie.

Vztah exhumovanych, ,,vysokotlakovo® metamorfo-
vanych exotickych blokov v metamorfovanom vrchnom
karbone typu melanze je ojedinelym prikladom uzatvo-
renia paleotetydneho bazéna v eurdpskych variscidach.
Nevylucujeme lokalny prienik metamorfitov prevazne do
permsko-triasovych sekvencii. Tento exhumacny proces
bol jednorazovy a tizko sa viazal na reverzny pohyb plasta
v jure. Nim sa exhumacia vysokotlakovo metamorfova-
nych blokov aj skon¢ila.

Koncom jury alebo az po nej nadobudla metamorfoza
M2 regionalny charakter suvisiaci s tektonickym dokon-
¢enim usporiadania gemerika. V pojurskom obdobi mala
metamorféza M2 regionalnu povahu na hranici strednotla-
kovej metamorfozy vo facii zelenych bridlic. Tuto meta-
morfézu spoésobilo findlne umiestnenie (vrchnej hranice)
plasta pod gemerikom, ked’ sa izoterma 500 °C ustalila
v hibke 15 — 20 km, o zodpoveda teplotnému gradientu
25 °C/km alpinskej metamorfozy.

Regionalny charakter metamorfézy M2 pravdepodob-
ne doznieval az v spodnej kriede. Bola to rejuvenizacna
»alpinska metamorfoza M2, v ktorej sa horniny gemerika
v kompresnom rezime opat’ metamorfovali v podmien-
kach strednotlakovej (4 — 5 kbar) facie zelenych bridlic.
V starSej mineralnej asociacii z metamorfézy Mla a M1b
sa regiondlna metamorféza M2 zistila len lokalne v striz-
nych zoénach, pretoze starSie mineralne asociacie z Mla
a M1b boli v regionalnom procese M2 stabilné. Metamor-
foza M2 v gemeriku neprekrocila hranicu facie zelenych
bridlic. Lokalne prepracovala aj zilnt a stratiformnt mi-
neralizaciu, lebo prebiehala v kompresnom rezime, ale
rudonosné fluida™ sa generovali len sporadicky a bez
vyznamného mineralizaéného efektu.

Je pravdepodobné, ze v jure sa plast’ pod gemerikom
dostal do sucasnej pozicie, ako to vyplyva napr. z mag-
netotelurického (Pawliszynowa, 1978; Grecula et al.,
1995) a gravimetrického aj seizmického modelu (Sefara
et al., 1996; Bezak et al., 1997). Tvar litosférického plasta
a astenosféry pod gemerikom, ako aj metamorfné udalosti
zilnej pozicie a stratiformnej mineralizacie v poslednom
stadiu vyvoja gemerika v jure schematicky znazorfiuje obr.
6. Konfiguracia plasta na obrazku, odvodena z gravimet-
rickych a seizmickych modelov, sa sformovala pod vply-
vom subdukéného kandla z variského obdobia so sklonom
na S. Tvar plasta v jursko-kriedovom obdobi podmienil
nasledujuci reverzny zdvih a exhumaciu subdukovanych,
vysokotlakovo metamorfovanych hornin a ich umiestne-
nie do akre¢ného komplexu.
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In the geological setting of the Inner Western Carpathians, the Cretaceous Paleo-Alpine crustal tectonic units
(Tatric, Veporic, Gemeric and Zemplinic units) are the most conspicuous, the first three being covered by super-
ficial nappes (Fatric, Hronic, Meliatic, Turnaic and Silicic units). Earlier, Variscan (Hercynian) basement units
encompass the Paleozoic and older crystalline basement and its Paleozoic and Mesozoic cover. The remnants of
the Cenozoic Meso-Alpine units crop out only at the boundary of the Outer and Inner Western Carpathians and are
influenced by dominating Cenozoic-Quaternary Neo-Alpine overprint.

Four principal metallogenetic periods in the Western Carpathians are defined in the paper. A principal role in geo-
dynamic processes as well as metallogeny of the Western Carpathians is attributed to linear source of convection
heat of equatorial direction (mantle plume; hot line s.1.) acting under this orogenic belt from the Early Paleozoic
until Cenozoic. During this extended period, the linear heat source has caused a multiple divergence within the
Pangea (Gondwana/Laurasia) and its metallogenetic consequences - stratabound and magmatogenic mineraliza-
tion during the divergent origin of elongated basins, as well as metamorphic/magmatogenic mineralization after
their convergent closure by the lithospheric plates/microplates collision.

The first metallogenetic period is related to Early Paleozoic pre- and riftogeneous phases (Cambrian to Ordovician,
and/or Devonian to Early Carboniferous), the second Late Paleozoic one is a consequence of Permian overheating
during the Variscan post-collisional evolution, including regional extension, magmatic and metallogenetic pro-
cesses, the third one is a product of Late Cretaceous overheating due to the Paleo-Alpine post-collisional phase,
and the fourth one - the Neo-Alpine metallogenetic phase is a consequence of Miocene overheating and the mag-
matic/volcanic processes related with the heat from the asthenosphere upwelling.

The review encompasses also a brief summary of produced mineralization types.
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Introduction

The progress in the knowledge of the setting and
evolution of the Western Carpathians can be traced in
episodically issued monographs on regional geology
(Andrusov, 1959; Mahel’ and Buday, eds., et al., 1968;
Mahel’, M., 1986; Krist et al., 1992; Rakus, M., ed., 1998).
The principal summaries occur in Explanations to general
geological and tectonic maps 1 : 500 000 (e.g. Biely et
al., 1996; Bezak, ed., 2004) or 1 : 200 000 (Bezak, ed.,
2009). Further significant category is represented by
the series of Explanations to general geological maps
1:50 000, covering the whole Western Carpathians in the
territory of Slovakia. Concerning the regional geology an
indispensable role belongs to thematic monographs (e.g.
Mahel, ed., 1979; Hovorka, ed., et al., 1985; Grecula,
Hovorka and Puti$, eds., 1997; Vozar et al., eds., 2010).

Rarely there occur publications summarizing the
progress in metallogenetic concepts (e.g. Lexa, ed., et al.,
2007; Ilavsky and Sattran, 1980), though the metallogeny
is treated preferably in the scale of selected regions (e.g.
Bartalsky, ed., et al., 1993; Grecula et al., 1995; Slavkay
et al., 2004; Grecula and Németh, eds., 1996; a.0.), or is
a topic of specialized conferences (e.g. Ilavsky and Malj-
kovi¢, eds., 1980).

Above mentioned publications, as well as hundreds
articles dealing with the Western Carpathian geology and
metallogeny, represent a ground for the summary present-
ed in this paper.

Remark 1 - Terminology of Paleozoic orogenic/metal-
logenetic events - Variscan vs. Hercynian

In Europe, as well as in Slovakia, two terms - Variscan
and Hercynian - are simultaneously used for designation
of the same orogenic process and related metallogenetic
events.

The term Variscan for orogenic phase, promoted by
Eduard Suess in 1880, was derived from the Medieval Lat-
in name of the district Variscia. The term Hercynian was
derived from the Hercynian Forest. Both terms were firstly
used for the field registration of the trend of planar struc-
tures. The Variscan trend SW-NE reflected the fold belt
in Germany, being later designated as Variscan. The first
division of the European Variscides, which is still valid,
was done by the German geologist Franz Kossmat (1927).

The designation Hercynian, firtly related to NW-SE
trending Harz Mts. in Germany, was later also used for
designation of the orogenic process.

Today the terms Hercynian and Variscan are gener-
ally understood as synonyms. The less frequently used
term Hercynian, preferred in the 1990s by several Swiss,
French and Spanish geologists, related to relatively tight
strip of crystalline basement massifs (Gothard, Aar, Mont
Blanc, Aiguilles Rouges, Belledonne, Pelvoux and Argen-
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tera) squeezed between Variscan basement from the N/
NW and pre-Triassic Alpine basement from the S/SE, as
well as their orogenesis. The term Variscan is more fre-
quent, being used e.g. by J. F. von Raumer, G. M. Stampfli,
S. M. Schmid, M. R. Handy, S. Cloetingh, F. Neubauer, R.
Schuster, W. Franke, H. G. Dill and many others, including
the geological community of the Carpathian-Balkan Geo-
logical Association (cf. Vozar et al., eds., 2010).

The first author of this study is convinced about the
priority of the use of the term Variscan for both - oro-
genetic and metallogenetic events throughout the whole
Western Carpathians (Variscan metallogenesis in the Va-
riscan orogenic belt). Following the tradition in published
summaries (e.g. Bezak, ed., et al., 2004, 2009; Rakds, ed.,
1998), and avoiding re-definition of codified terms (e.g.
Lexa et al., 2007), besides the term Variscan in this paper
there is used also the term Hercynian, according to original
published sources, emphasizing that both are understood
like synonyms.

Remark 2 - Proto-Tethys, Paleo-Tethys, Neo-Tethys

We use the terms Proto- and Paleo-Tethys as principal
Early Paleozoic oceans, the development of which is rela-
ted to Avalonia and Armorica microplate detachment from
the northern Gondwana margin according to paleotectonic
reconstructions (e.g., von Raumer, 1998; Stampfli and Ko-
zur, 2006; von Raumer and Stampfli, 2008).

In the territory of the Western Carpathians, the rifto-
genesis of the Proto-Tethys Basin was reported by Putis
(1992). The Proto-Tethys (Cambrian to Ordovician) ba-
sement complexes were defined and dated by Putis et al.
(2008, 2009) and Vozarova et al. (2010).

The Paleo-Tethys was firstly described by Grecula
(1982) and its closure with collision/obduction proces-
ses and the origin of the Rakovec suture zone by Németh
(2002). The Paleo-Tethys (Devonian to Early Carboni-
ferous) basement complexes were reported and dated by
Puti§ (1992) and Putis et al. (2009), respectively.

The Neo-Tethys started its rifting on the eastern side of
Gondwana (Muttoni et al., 2009) in the Early Permian and
continued in the Early Triassic, including the territory of fu-
ture Western Carpathians. The opening of Neo-Tethys was
related to northwest-ward subduction of the Paleo-Tethys
oceanic crust below the eastern Pangea margin (Stampfli,
1996), followed by the Kimmerian orogeny, originally
designating the mountain-building process in the Central
Asia during Jurassic period. Despite, our paper provides
an alternative interpretation (cf. evolutionary phases D-E).

The Alpine events related to opening of the Atlantic
ocean (Alpine Tethys sensu Schmid et al., 2004) included
a continual zones with oceanic crust of the Ligurian and
Piemont, Penninic, or Vahic and Magura segments (cf.
Missoni and Gawlick, 2011). In the Western Carpathians
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the Alpine events encompass the closure and subduction/
collision of these segments and north-vergent nappe piling
(Plasienka et al., 1997; Hok et al., 2014) from the Early
Cretaceous (Paleo-Alpine) to Miocene (Neo-Alpine)
period, but also a volcanism, building extended strato-
volcanic systems withing the Western Carpathians in the
Neo-Alpine period.

Remark 3 - The terminology of the Western Carpathian
regional geological units:

In the geological literature, the units of the Western
Carpathians are named inconsistently, e.g. in the case of
Gemericum also as Gemeric unit or Gemeric nappe, at
Meliaticum there is used Meliatic unit, Meliata unit, vs.
Meliatic (Borka) nappe, or at Silicicum - the Silicic unit,
Silica unit, vs. Silicic nappe, etc. In this paper we prefer
the second type of description, applying the adjective of
the name plus the word unit in the sense of tectonic unit.

The Tatric unit, Veporic unit, Gemeric unit, etc., were
individualized as tectonic units during the Paleo-Alpine
phase. When dealing in the text about Variscan events
and the Paleozoic rock sequences of these units, instead
of complicated expression, e.g. “rocks of future Veporic
unit”, “rocks of future Gemeric unit” we use more con-
venient expression “Paleo-Veporicum”, “Paleo-Gemeri-
cum”, etc.

Remark 4 - Principles of designation of deformation
phases

As was clearly demonstrated in the case of Gemeric
unit, the divergent orogenic processes (riftogenesis, origin
of the basin with oceanic crust) later switch to conver-
gent ones (subduction, closing of the basins by collision
of lithospheric plates/microplates, origin of the mountain
(orogenic) belts). The period of collision is accompanied
with the strongest deformation, and as traditionally applied
in the terminology of structural geology, it is designated as
the first deformation phase D1. Post-collisional overheat-
ing of a collision zone (metamorphic core complex; hot
line) leads to vertical uplift of this zone, being accompa-
nied with gravitation instability and gradual extensional
unroofing, either to one or both sides of this uplifting zone.
Unroofing with accompanied ductile to brittle-ductile de-
formation along unroofing normal fault zones, is designa-
ted as D2 phase. The post-collisional intra-plate stresses
are eliminated by a conjugate system of subvertical shear
zones with subhorizontal mutual displacements of indivi-
dual blocks. Their increased activity is designated as D3
deformation phase. The earlier establishing of the principal
faults of the D3 system as transform faults of the prevous
divergence/convergence periods cannot be excluded.

In the case of Gemeric unit, the Variscan processes are
marked as VD1 and VD2, and the Paleo-Alpine evolution
as AD1, AD2 and AD3 (cf. Németh et al., 2012a; Figs. 3
and 4 ibid.).
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The designation of deformation events in the sequence
from compressional to extensional is native for the struc-
tural geologists. Despite, we must have in mind that this
succession of events does not correspond with sequence of
events within the orogenic (Wilson) cycle, which start with
extension (embryonal phase) and terminate with collision
(the mature phase). By this way there originate discrepan-
cies in designations of transition periods between subse-
quent orogenic cycles, encompassing also designation of
metamorphic phases (and related metallogenetic stages).
For example in the Gemeric unit, the Permian overheat-
ing, metallogeny and the VD2 unroofing are designated as
the culminating tectonometamorphic process of Variscan
era, though concerning the orogenic (Wilson) cycle they
represent embryonal phase of the following Alpine cycle.

Remark 5 - Heat flow in metallogenetic processes

. Heat flow related to subduction processes. Within
the globe, there exist subduction zones of two types:
Al - The Circum-Pacific type and A2 - The equatorial
mobile zone type of repeated disintegration of Pangea
to Laurasia (Euroasia) and Gondwana by penetration
of the Paleo- and Neo-Tethyan branches with mul-
tiple orogenic (Wilson) cycles. The subduction zones
are trending generally east-west (for further characte-
ristics of subduction zones in the global scale cf. e.g.
Doglioni et al., 1999). As interpreted in the case of the
Western Carpathians by numerous works (e.g. Konec¢-
ny et al., 2002), the heat flow related to upwelling of
the asthenosphere during subduction process is suppo-
sed to be a reason of Neogene volcanic activity and
related metallogenesis. The mantle wedge related to
south dipping subduction slab from the Penninic type
Véhic/Magura oceanic basins underneath the Western
Carpathians is clearly visible in recent reconstructions
based on geophysical data (e.g., Lesko et al., 1988;
Tomek, 1993; Bezak et al., 1997; Lexa and Konec¢ny,
1998; Kytkova et al., 2007). Such heat flow source is
responsible for the Miocene arc-type volcanism and
related metallogenesis. This is consistent with the fact
that no ore veins are known away of volcanic structu-
res (belts of volcanoes, stratovolcanoes), i.e. no Mio-
cene ore veins penetrate older (Paleozoic or Mesozoic)
rocks distant from the Neogene volcanic fields. This
simple fact indicates that the subduction-related heat
flow is insufficient for the large-scale regional over-
heating and metallogenesis.

. Collision-related heat flow (e.g. Buck and Toksoz,
1983; Harris et al., 1994; Thompson and Connolly,
1995). The rock sequences become sufficiently overhe-
ated after the termination of collisional phase due to
the thrusting induced crust thickening (e.g. Jaupart
and Provost, 1985). The related thermal products
throughout the large regions (S-type granites, delibe-
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rated fluids infilling extension fractures forming veins
frequently with ore mineralization) indicate that this
is the reason of post-collisional large-areal Permian
metallogeny in the Gemeric unit. The crust thickening
occurred that time by the south-vergently overthrust of
the “Paleo-Veporicum” onto the “Paleo-Gemericum”.
Similarly, the Late Cretaceous metallogenesis in the
Veporic unit was a consequence of the north-vergent
overthrust of the Gemeric unit onto the Veporic one.

Remark 6 - Recent spatial description of orogenic pro-
cesses vs. Neogene rotation of plates/blocks

Recent description “north”, “south”, etc., regarding
the recent coordinates is relative, because, as manifested
by numerous paleomagnetic studies, the extensive plates/
blocks rotations occurred mainly during the Neogene (cf.
Marton and Fodor, 1995; Kova¢ and Marton, 1998, and
following works).

Division of geological units in the Western
Carpathians

The recent course of the lithotectonic units of the West-
ern Carpathians is a product of Alpine (Paleo-, Meso- and
Neo-Alpine) collision and related stress fields, which seg-
mented, laterally translated and eventually rotated also the
products of earlier Variscan setting.

Despite several divisions of lithotectonic units of the
Western Carpathians were proposed and used in the past
(e.g. Andrusov, 1968; Mahel’, 1986; Biely, 1989; Biely et
al., 1996; Kozur and Mock, 1996, 1997; Plasienka et al.,
1997), in this paper we use the division proposed by Hok
et al. (2014), based on tectonic superposition (subhori-
zontal nappe boundaries) of the main tectonic units of the
Western Carpathians. According this division the External
(in former designation Outer) Western Carpathians consist
of the Outer group of nappes - Krosno unit, Magura unit
and Oravic unit, being tectonically individualized in the
Neogene. The Internal (Inner) Western Carpathians con-
sist of the Lower group of nappes - Vahic and Tatric units
(individualization in the Late Cretaceous-?Paleogene), the
Middle group of nappes - Hronic, Fatric and Veporic units
(individualization in the Upper Cretaceous - Cenomanian/
Turonian), and the Upper Group of nappes — Gemeric unit,
the Borka nappe, as well as the Meliatic, Turnaic and Silic-
ic units (individualization in Early Cretaceous; l.c.).

The division of the Variscan (Hercynian) lithotectonic
units (Putis, 1992; Bezak, 1994; Bezak et al., 1997) fol-
lows the concept reflecting their tectonic superposition,
when the upper unit (gneiss-migmatitic) thrust over the
middle unit (gneisses to micaschists) and both are thrust
over the low grade metamorphites of the lower unit.
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Evolution and metallogenetic events in the Western
Carpathians

To avoid changes of already codified and widely used

terms, the evolutionaly phases used in this summary paper
are based on the division by Bezak, ed., et al. (2004) and
the metallogenetic events and mineralization types follow
the division by Lexa et al. (2007). The reader of this sum-
mary must have in mind that each metallogenetic period
has its reasons and their consequences. Therefore in our
division we prefer direct naming of processes, prevailing
in individual evolutionary phases (riftogenesis, collision,
post-collisional overheating and metallogenesis) especial-
ly in the Pre-Alpine ones. The Variscan and Alpine tec-
tonic setting originated preferably due to compressional
convergent events, but the metallogeny benefits predomi-
nantly from the overheating during extensional (divergent)
events. Therefore in appropriate cases the division of oro-
genic phases is refined by the designation “late- to post
orogenic phases” (cf. l.c.).
A. Variscan riftogeneous phase; Early Paleozoic. Pa-
leo-Hercynian phase sensu Lexa et al. (2007). First
principal metallogenetic period in the Western Car-
pathians. (Fig. 1A.)

The Variscan crystalline basement forms the oldest
constituents of geological setting of the Western Carpa-
thians (Fig. 1 A-E). Despite the prevailing Early Paleozoic
ages of the higher-grade metamorphic rocks — eclogites,
para- and orthogneisses, the Pre-Cambrian zircon ages of
their sources (Putis et al., 2008, 2009) indicate a sporadic
existence also of the Pre-Variscan rocks and tectono-meta-
morphic events within the Western Carpathians crystalline
basement.

From the NW and N the Western Carpathians are un-
derlain by submerged European platform with the Variscan
and Cadomian crystalline basement. The Variscan units of
the recent Western Carpathian orogenic belt originated
in the pre-Permian period between former continents of
Gondwana and Laurasia.

Metallogenetic processes in the Paleo-Tatricum and
Paleo-Veporicum were a consequence of the ultramafic
magma uprise (cf. Maruyama et al., 2007) and the origin
of Ni-Cu; magmatic and hydrothermal mineralization, as
well as basic and acid volcanism - syngenetic volcanic
massive sulphide mineralization (pyrite-pyrhotite),
stratabound mineralization in black schists (metallife-
rous black schists, stratabound scheelite occurrences) and
stratabound (stratiform sedimentary) Fe mineraliza-
tion (iron-rich crystalline schists). These mineralization
products were during the final phases of Variscan conver-
gence metamorphosed together with their host rocks.
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The Early Paleozoic riftogenesis within the Pa-

leo-Gemericum was reported by Grecula (1982). The
beginning of the riftogenesis was accompanied with the
origin of the black schists (organic matter + pelitic sedi-
ments + limestones) horizon and later two horizons with
bimodal volcanic products (basalt and andesite-rhyolite)
were formed. The riftogeneous metallogenetic events
encompass the syngenetic volcanic massive and dis-
seminated sulphidic mineralization where the amount
of Fe>>Cu>Zn + Mo-Sn-Ba sulphides related to the for-
mer underwater “black-smoke” (Radvanec and Bartalsky,
1987; Bartalsky and Radvanec, 1993; Radvanec and Gre-
cula, 1985; Grecula et al., 1995). This type of the stratiform
sulphidic mineralization is known as the Smolnik (deposit)
type in the above mentioned studies. The second type of
stratiform sulphidic mineralization has formerly originated
from the “white-smoke” in the oceanic rift. This type, rich
of Cu-Pb-Zn-Ag-As sulphides, is known in the literature
as the Mnisek type of stratiform sulphidic mineralization
(Grecula et al., 1995). Locally, the stratabound (sulphi-
dic) mineralization in black schists (metalliferous black
schists) and exhalative/sedimentary and sedimentary
Fe and Mn mineralization (stratabound hematite-mag-
netite and manganese) has occurred. In the see floor close
to the spreading mid-oceanic ridge the black schists and
basalt were metamorphosed in the HT/LP amphibolite fa-
cies - metamorphism M0, forming the gneiss-amphibolite
complex (Radvanec et al., 2014). The Lower Paleozoic se-
quences with stratabound mineralization were during later
Permian (Variscan post-collision phase with the input of
mantle heat) metamorphosed (M1) within the range from
the greenschists facies up to anatexis in amphibolite pha-
cies (Grecula et al., 1991)
B. Variscan collision in the zone of Paleo-Tatricum
and Paleo-Veporicum (Devonian; 415-380 Ma) and
subsequent Early Carboniferous subduction (380-
340 Ma). A pre-Meso-Hercynian and Meso-Hercynian
orogenic phase sensu Lexa et al. (2007). (Fig. 1B.)

The Early Variscan collision (Fig. 1B, left-hand side)
in the zone of Paleo-Tatricum and Paleo-Veporicum fol-
lowed the closure of the Proto-Tethys (Devonian; 415-380
Ma; A pre-Meso-Hercynian orogenic phase sensu Lexa et
al., 2007). In the Paleo-Tatricum and Paleo-Veporicum
the south-vergent stacking of Variscan lithotectonic units
has formed nappes with the high-grade and low-grade
metamorphic rocks (cf. Puti§, 1992; Bezak et al., 1997,
Putis et al., 2009). The Paleo-Gemeric zone was located
in the frontal part of the orogen, therefore the south-ver-
gent Variscan nappe stacking of the volcanosedimentary
rocks in this zone has occurred in the Western Carpathians
as the last one after the closure of the Paleo-Tethys (Fig.
1B, right-hand side), being accompanied with prior exhu-
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mation of the blocks of high-pressure metagabbros along
the axis of the Variscan Rakovec suture zone (Radvanec,
1999; Németh and Radvanec, 2012b). The overthrust-
ing of the Paleo-Gemeric sequences (Gelnica Group) on
the Pan-African basement is also supposed (Putis, 1992;
Bezak in Lexa et al., 2007).

The collision process was relatively cold, so the Me-
so-Variscan mineralization products are relatively scarce
even in the metamorphic complexes of the Tatric and Ve-
poric units (“skarns” - iron-rich crystalline schists, graphi-
te).

C-D. Variscan collision of the Paleo-Tatric-Veporic
block with Paleo-Gemeric zone, location of the sour-
ce of convection heat (hot line) and metallogenesis
in Paleo-Gemericum and neighbouring Paleo-Vepo-
ricum. Second principal metallogenetic period in the
Western Carpathians. Carboniferous-Permian; 340-
250 Ma. Neo-Hercynian late-orogenic and post-oroge-
nic phases sensu Lexa et al. (2007). (Fig. 1C, D.)

The Variscan collision of basement units has resulted
in the thickening of continental crust, related metamorphic
core complex and intrusion of the late-orogenic and
post-tectonic I, S to A type granitic rocks. The fast erosion
and molasse deposition were accompanied with local acid
volcanism. The Hronic and Gemeric zones registered
the Late Carboniferous (Stephanian) molasse deposition,
Permian extension to shallow marine sedimentation and
bimodal basalt/rhyolite volcanic activity.

The Early Carboniferous calc-alkaline subduction-re-
lated- and collisional granitoids of I and S types (hybrid
tonalites and granodiorites), were followed by the em-
placement of Middle Carboniferous peraluminous S-type
granites and subaluminous I/S-type granodiorites. The
ore mineralization connected with the subduction rela-
ted granitoids is without economic significance (stibni-
te and molybdenite mineralization associated with the
leucogranitic apophyses). The post-collisional S type ana-
tectic melting has brought the gold mineralization (with
pyrite/arsenopyrite), related with leucocratic muscovi-
te-rich granite and surrounding metamorphic rocks. The
Au-W (gold-scheelite) mineralization with pyrite/arseno-
pyrite, as well as Pb-Ag mineralization are known from
the zone of the Nizke Tatry Mts. Economically the most
important from this area is the low temperature Au-Sb mi-
neralization (Grecula et al. as well as Slavkay and Chovan
in Grecula and Németh, 1996).

Post-collisional A-type and A/S type granites origina-
ted from relatively hot and dry magma in extensional en-
vironment in continental deeply rooted lineaments during
Variscan consolidation (cf. Uher and Broska, 1996). They
encompass the suite of S/A-type post-orogenic granites in
the Veporic unit (Hroncok type). In metamorphic schists,
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the Hroncok granite body is surrounded by quartz veins
with gold-scheelite mineralization (Hvozdara, 1967). The
suite of S/A-type post-orogenic granites in the South Ve-
poric unit (Klenovec type; Hrasko et al., 1997) is perspec-
tive also for gold mineralization.

Summary of the collision related metallogenesis in
the crystalline basement of the Paleo-Tatricum and Pa-
leo-Veporicum (Neo-Hercynian late-orogenic phase;
Lexa et al., 2007): pneumatolytic-hydrothermal and
hydrothermal mineralization (Mo), hydrothermal vein
and shear-zone mineralization (Au-scheelite-arsenopy-
rite, quartz-arsenopyrite-Au, Ni-arsenopyrite, quartz-stib-
nite-Au, Pb-Zn-Ag, barite and hematite deposits and
occurrences).

Metamorphosed (M1; VD2) volcanosedimentary
complexes of Paleo-Gemericum (Neo-Hercynian late- to
post-orogenic phase sensu l.c.): Metamorphic-hydrother-
mal vein siderite-sulphide and metasomatic magnesite and
siderite mineralization, vein siderite-sulphide and stibni-
te-gold mineralization. Another group of researchers (e.g.
Hurai et al., 2002, 2011; Lexa et al., 2007) assign these
mineralization types to the Late Cretaceous Paleo-Alpine
orogenic and post-orogenic phases.

Specialized post-orogenic S-type granitic magma-
tism in Paleo-Gemericum: plutonic-hydrothermal
(greisen type) stockwork/disseminated mineralization
(Sn, Sn-Ta-Nb, Li-Rb), hydrothermal vein-type minera-
lization (U-TR-AU). Granites of this type contain higher
content of B, F, Li, Rb, Sn and W, Mo.

Permian extension, basalt-rhyolite volcanism — hy-
drothermal disseminated and vein mineralization (Cu, ba-
rite), syngenetic/diagenetic and infiltration mineralization
(U-Mo=Cu).

E. Paleo-Alpine riftogeneous phase (Late Permian—
Early Jurassic; 260-180 Ma). Early Paleo-Alpine
phase sensu Lexa et al. (2007). (Fig. 1E.)

The beginning of Alpine cycle was accompanied with
the divergence and transgression of the sea over the ero-
ded surface of the Variscan continental crust, starting with
the basal conglomerates and quartzites, shales, carbonate
platform deposition during the Middle and Late Triassic.
The beginning of this evolutionary phase encompasses
the VD2 opening of the Meliata-Hallstatt oceanic domain,
located south of consolided Paleo-Gemericum. The Late
Triassic rifting in the spreading zone has disintegrated
the carbonatic platform, so the zones of shallow water se-
dimentation alternated with the zones of the deep water
deposition (Mello, ed., et al., 1997). Due to the location
of the mid-oceanic rift along the southern margin of the
Western Carpathians and later dip of the subduction slab
to the south — away of this territory, the Early Paleo-Al-
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pine evolutionary phase remained with less significant
metallogenetic products in the Western Carpathians: the
uppermost Permian to Jurassic sedimentary mineralization
(hematite), Middle Triassic evaporites and Jurassic chro-
mite occurrences bound on serpentinized ultramafic rocks
thrust over the Gemeric region in the following - Paleo-Al-
pine orogenic phase (the Borka nappe; AD1).

F. Paleo-Alpine collisional phase (Early Cretaceous;
130-106 Ma). Paleo-Alpine orogenic phase sensu
Lexa et al. (2007). (Fig. 1F.)

Rearrangement of the Atlantic ocean spreading during
the Late Jurassic and Cretaceous caused the closure of the
Neo-Tethyan Meliata-Hallstatt ocean between African and
European plates. The final continent/continent collision
formed the nappe stack of Gemeric and Meliatic units,
including the exhumation of the medium- and high-pres-
sure rocks of blueschists and serpentinites (the Borka
nappe Mello et al., 1998; Putis et al., 2014 and references
therein). Especially the exhumed hanging wall metaperi-
dotite and serpentinite tectonic blocks locally contain
minerals of platinum group (PGM) and occurrence
of Pd minerals prevails over the mineral assemblages of
Os, Ir, Ru, Rh and Pt (Radvanec and Uher, 2016). The
Early and Middle Cretaceous collision formed in the
Internal (Inner) Western Carpathians a sequence of the
north-vergent nappes: over the Lower group of nappes
- Vahic and Tatric units, are thrust the Middle group of
nappes - Hronic, Fatric and Veporic units, and the Upper
Group of nappes — Gemeric unit, the Borka nappe, as well
as the Meliatic, Turnaic and Silicic units. The highest
nappe (Silicic unit) is built of sequences attributed to the
south-located African plate. Cold deformation (AD1) and
tectonometamorphic processes do not support the inter-
pretation of the origin of metamorphic-hydrothermal vein
mineralization within the Gemeric unit during this phase.

G. Paleo-Alpine post-collisional phase with the addi-
tion of heat and metallogenesis (Late Cretaceous;
106-70 Ma). Paleo-Alpine late-orogenic phase sensu

Lexa et al. (2007). Third principal metallogenetic pe-
riod in the Western Carpathians. (Fig. 1G.)

Uplift of the southern zone of Veporic unit (cf. e.g.
Jetabek et al., 2007) due to the origin of metamorphic core
complex, accompanied unroofing (AD2) and sporadic
granites in the contact zone of Veporic and Gemeric units
(Rochovce area), favour to vigorous metallogenetic pro-
cesses within the Veporic unit (M2 metamorphism).

The hidden Late Cretaceous granite of the Rochov-
ce type (Klinec et al., 1980) has a complicated magma
crystallization history (Klinec et al., 1980, Hatar et al.,



Z. Németh et al.: The relation of metallogeny to geodynamic processes - the natural prerequisite for the origin of mineral deposits of public...

1989), which led to intrusion of two separated magmatic
phases - from calc-alkaline type magma with mixed source
to highly fractionated calc-alkaline magma. This second
phase is enriched in Rb, Be, Ga, Mo, W, Pb, Ta, HREE,
Th, U and F, CI (Hrasko in Petrik et al., 2001). Mineraliza-
tion of porphyry and vein systems contains internal zone
with quartz-molybdenite, pyrite, pyrrhotite, magnetite and
external zone formed with quartz-scheelite, molybdenite,
wolframite and Cu, Pb, Zn, Fe and As sulphides, as well as
peripheral zone with sulphosalts of Bi, Pb, Sb, As. Increa-
sed activity of fluorine is connected with fluorite-quartz
veins. The origin of Cretaceous granite in the zone Ochti-
na-Rochovce Radvanec (1994) relates with the extensional
tectonics and anatectic melting of primary lithology con-
taining Ca component (carbonate + oligoclase-andesine).
This model is in full concordance with generally accepted
and proved model of the Late Cretaceous post-collisional
unroofing

Granitic magmatism (Veporic unit) has produced
the magmato-hydrothermal stockwork/dissemination
mineralization (Mo, W), hydrothermal vein/stockwork
+ metasomatic mineralization (base metal and pyrite
occurrences). The AD2 unroofing is connected also with
the remobilization of older stratiform mineralization
(U-Mo-Cu in the Permian host rocks of the North-Gemeric
zone; Szabo et al., 2014), as well as the origin of talc in
magnesite bodies present in the contact zone of Gemeric
and Veporic units, but also in several shear zones withing
the Kohut zone of Veporic unit (Radvanec and Prochaska,
2001; Németh et al., 2004; Radvanec et al., eds., 2010).
New structural observations within the Early Paleozoic
sequences of the Gemeric unit close to the base of the Ge-
meric basement nappe have revealed also the evidences of
kinematics of the Alpine AD2 unroofing within magnesite
bodies, being accompanied with the origin of talc minera-
lization (Németh et al., 2015).

H. Meso-Alpine post-collision phase/Early Neo-Alpine
transpression evolution (Paleogene; 70-24 Ma).
Post-orogenic/Early Neo-Alpine phase sensu Lexa et
al. (2007). (Fig. 1H.)

The Central Carpathian block was finally consolided
in the Late Cretaceous time and became subjected to the
uplift and erosion. Its northern margin was continuously
active, as the orogenic front advanced gradually beneath
the flysch basin. Virtually, this evolutionary period did not
produce new mineralization of metamorphic, magmatic
or volcanic type, but provided conditions for the weathe-
ring of earlier exhumed ultramatic rocks (Ni occurrences),
weathering of limestones and dolomites of higher nappes
(bauxite), and origin of sedimentary-diagenetic minera-
lization in Paleogene flysch (Mn). Some anomalies of gold
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in the heavy mineral concentrates can be associated with
weathering of host rocks.

I. Neo-Alpine subduction-related phase (Miocene;

24-10 Ma) — Fourth principal metallogenetic peri-
od in the Western Carpathians. Neo-Alpine volcanic
phase sensu Lexa et al. (2007). (Fig. 11.)

The continent/continent collision was accompanied
with the subduction rollback (slab verticalization and de-
tachment (cf. Konec¢ny et al., 2002; Harangi and Lenkey,
2007; Harangi et al., 2007a, b). The asthenospheric upri-
se and the back arc extension most probable initiated the
partial melting of the overlying crust, producing along the
cross faults an intensive rhyolite and andesite volcanism,
accompanied with subvolcanic intrusive complexes. The
mineralization of the Miocene Neo-Alpine phase encom-
passes the intrusion related mineralizations (magne-
tite skarns, porphyry and porphyry-skarn Cu + Au, Mo),
stockwork/disseminated base metal mineralization
(local low temperature Hg mineralization), high sulphi-
dation epithermal mineralization (Au, sulphur), volca-
nic hosted low sulphidation epithermal mineralization
(base metals, Ag, Au, Sb-Au, Hg), sediment hosted
epithermal/telethermal mineralization (base metals,
Au, Hg, Sb, As), hot spring-type (Hg, Au) and cold
spring-type mineralization (gocthite-limonite), as well
as stratabound infiltration mineralization (peclosiderite)
(Lexa et al., 2007).

J. Neo-Alpine post-collisional phase (Pliocene-Qua-
ternary; 10-0 Ma). Neo-Alpine post-orogenic phase
sensu Lexa et al. (2007).

The Neo-Alpine collision of the Carpathian arc with
the European platform, which terminated in its western
segment by the end of Middle Miocene, was followed with
an uplift of the mountain ranges owing to isostatic equi-
libration and thermal subsidence of former extensional
basins. Continuing volcanism in the Eastern Carpathians
was responsible for the lasting extension conditions that
caused the uprise of mafic alkali magmas, giving rise to
scarce alkali basalt volcanoes (Simon, 2000; Koneé¢ny et
al., 2002; Simon and Maglay, 2005). Mineralization oc-
currences related to this phase are restricted exclusively
to eluvial/deluvial and fluvial deposits (limonite in gosans
of siderite and sulphide deposits, gold placers, ilmenite
accumulations).

Conclusion
The paper provided a brief review of the geological

evolution of the Western Carpathians during the Variscan
(Hercynian) and Alpine orogenic cycles. The general out-
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line of the main metallogenetic events and their products
emphasizes the existence of four principal metalloge-
netic periods, tied with the increased crustal heat flow:
(1) Early Paleozoic Variscan riftogeneous phase (Fig.
1A) (2) Variscan collision of the Paleo-Tatric-Veporic
block with Paleo-Gemeric zone, origin of metamorphic
core complex with the contribution also of mantle heat
(hot line) and dominant location of metallogenesis in
Paleo-Gemericum and neighbouring Paleo-Veporicum
in Permian due to input of convection heat (Fig. 1C, D),
(3) Late Cretaceous Paleo-Alpine post-collision phase
with the addition of mantle heat flow into the collided
Veporic terrane (Fig. 1G), and (4) Miocene Neo-Alpine
volcanic-related phase (Fig. 11.). The paper provides an
explanation, why the principal metallogenetic processes
(economically the most important ore reserves generation)
of Permian time are located in the Paleo-Gemeric zone,
but in the Late Cretaceous time in the Veporic zone: In
both metallogenetic periods the ore generating is based on
metamorphic-core complexes principles, though the prin-
cipal difference is that in the Western Carpathians (like
also in other places in the Alpine orogenic zone) the Vari-
scan orogenic processes (incl. thrusting, nappe piling, etc.,
with related thermal consequences) were south-vergent,
but in Paleo-Alpine (Cretaceous) evolution there were
north-vergent. So, within the Western Carpathians in the
case of terminating Variscan orogeny the Paleo-Tatric-Ve-
poric lithospheric slice was thrust over the Paleo-Gemeric
one (Fig. 1C), causing the thermal consequences of the
Permian metamorphic core complex overheating (Fig.
1D), though in the Late Cretaceous time it was of opposite
geometry - north-vergent thrusting (Fig. 1F) caused the
burial of (at least) South-Veporic zone beneath the over-
thrust Gemericum (and further superficial nappes), caus-
ing the thermal consequences of originating metamorphic
core complex in Veporicum (Fig. 1G). Therefore the ore
veins in Gemericum are dominantly Permian in age (with
possible unimportant rejuvenation/remobilization in the
Late Cretaceous), but the Late Cretaceous metallogene-
tic processes are preferably located in the South-Veporic
zone.

Throughout the whole evolution of the Western Car-
pathians we interpret the important role of the convection
heat of elongated linear shape along the orogenic belt,
which principally contributed to riftogeneous (Variscan as
well as Paleo-Alpine) sea-floor spreading (cf. Yoshida and
Santosh, 2011, Fig. 3 ibid.; Maruyama et al., 2007), but
also magnified the thermal consequences and metallogeny
related to (Variscan and Paleo-Alpine) metamorphic core
complexes.

Mineral deposits of public importance (MDoPI) repre-
sent a new category of mineral deposits, being defined in
the frame of recent EU mineral supply policy to provide
the raw materials security and by this way to allow the suf-
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ficient access to explore and exploit minerals. Our paper
intended to emphasize the fact that parallel to harmonized
European regulatory/guidance/policy framework, there is
necessary to have in mind that especially the natural con-
ditions - geological (geodynamic) processes - represent
the primary factor for the origin of economic mineral ac-
cumulations, including those being ranked as the mineral
deposits of public importance.
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Podmienenost’ metalogenézy geodynamickymi procesmi — primarna podmienka
vzniku lozisk nerastov verejného vyznamu (MDoPI): pripadova §tadia
zo Zapadnych Karpat

Sumarizujuci ¢lanok poskytuje chronologicky prehl'ad
paleozoickej a kenozoickej riftogenézy, subdukéno-ko-
liznych a pokoliznych procesov v Zapadnych Karpatoch
a suvisiacich metalogenetickych procesov. Kvoli lepsej
paralelizacii s doteraz pouzivanymi klasifikdciami sa uva-
dza aj clenenie metalogenetickych produktov jednotlivych
orogenetickych faz v zmysle Lexu et al. (2007).

V prispevku je zdévodnené prednostné pouzivanie ter-
minu varisky (miesto hercynsky) pre paleozoické udalosti
a ich produkty. V pripade tradicného ¢lenenia orogenézy
a metalogenézy na paleo-, mezo- a neovariské (hercynske)
udalosti, rovnako ako paleo-, mezo- a neoalpinske udalos-
ti, je v prispevku uprednostnena klasifikacia s priamymi
nazvami konkrétnych geodynamickych udalosti orogene-
tickych procesov (napr. variské alebo alpinska riftogene-
ticka faza, kolizna, resp. pokolizna faza).

Pri analyze orogenetického vyvoja Zapadnych Kar-
pat sme vyc€lenili 10 podstatnych vyvojovych obdobi
(obr. 1; A — J) a v ramci nich 4 hlavné metalogenetické
periddy. Podstatn ulohu pri geodynamickych procesoch
a metalogenéze v Zapadnych Karpatoch prisudzujeme
linedrnemu zdroju konvekéného tepla s ekvatoridlnym
priebehom (plastovy stipec — mantle plume; hortca li-
nia — hot line s. 1.), ktory kontinualne posobil od starSieho
paleozoika az do kenozoika. Pocas tohto dlhého obdobia
linedrny zdroj konvekéného tepla spdsobil opakujicu sa
divergenciu v zéne s ekvatoridlnym priebehom naprie¢
Pangeou s viacndsobnym oddelenim Gondwany od Lau-
razie (Eurodzie) a stivisiacimi metalogenetickymi dosled-
kami — stratiformnou a magmatogénnou mineralizaciou
v pretiahnutych bazénoch divergentnych zon. Konver-
gentné uzatvaranie tychto bazénov sa koncilo koliziou
litosférickych platni a terméalnymi dosledkami zhrubnutia
kontinentalnej kéry (metamorphic core complex), ktorych
dosledkom bola aj genéza metamorfnej/magmatogénne;j
mineralizacie.

V ¢lanku st prezentované a schematicky vizualizované
nasledujuce vyvojové stadia:
A. Staropaleozoicka variskd riftogenetickd faza (paleo-
hercynska faza v zmysle Lexu et al., 2007).
Staropaleozoicka kolizia v zéne paleotatrika a paleo-
veporika, ktord nasledovala po uzavreti prototetydy
(devon;415—-380mil. rokov),anésledna spodnokarbon-
ska subdukcia (380 — 340 mil. rokov), v zmysle 1. c. ide
o predmezohercynsku a mezohercynsku orogenetick
fazu.
Variska kolizia paleotatroveporického bloku s paleoge-
merickou zénou v karbone az vestfvale (340 — 304 mil.

B.

134

rokov), v zmysle klasifikacie 1. c. ide o neohercynsku

neskoroorogeneticku fazu.

. Variska pokolizna faza s pridavkom plastového tepla
(nad hortucou liniou), metalogenéza v paleogemeriku
a susediacom paleoveporiku (stefan — perm; 304 — 250
mil. rokov).

. Paleoalpinska riftogeneticka faza (vrchny perm — spod-
na jura; 260 — 180 mil. rokov), v zmysle klasifikacie
1. c. ide o starSiu paleoalpinsku fazu.

Paleoalpinska kolizna faza (spodna jura — stredna krie-

da; 130 — 106 mil. rokov), paleoalpinska orogeneticka

faza v zmysle 1. c.

. Paleoalpinska pokolizna faza s pridavkom tepla
a metalogenézou (vrchnd krieda; 106 — 70 mil. rokov),
paleoalpinske neskoroorogenetické stadium podla 1. c.

. Mezoalpinske pokolizne S$tadium/ranad neoalpinska
transpresia (paleogén; 70 — 24 mil. rokov), poorogene-
ticka/starSia neoalpinska faza v zmysle 1. c.
Neoalpinska faza suvisiaca so subdukénym procesom
(miocén; 24 — 10 mil. rokov), neolpinske orogenetické
stadium podla 1. c.

Neoalpinska pokolizna faza (pliocén — kvartér; 10

— 0 mil. rokov), neoalpinska postorogenetickd faza

v zmysle L. c.

Prva metalogeneticka peridda suvisi so staropaleo-
zoickymi riftogenetickymi udalostami (A), druhad je
dosledkom permského prehriatia v dosledku variske;j
pokoliznej evolucie (C — D) vratane regionalnej extenzie,
magmatickych a metalogenetickych procesov, tretia
metalogeneticka perioda je produktom vrchnokriedového
prehriatia ako dosledku paleoalpinskej pokoliznej evolticie
(G) a stvrta, neoalpinska metalogeneticka perioda suvisi
s miocénnymi magmaticko-vulkanickymi procesmi ako
dosledkom tepelného toku z astenosféry vyklenutej
dovrchu (I).

Loziska nerastov verejného vyznamu (Mineral depo-
sits of public importance — MDoPI) reprezentuju novi
kategoériu lozisk nerastov. St definované v ramci sucasne;j
surovinovej politiky EU s cielom zabezpe¢it’ surovinovii
bezpecnost’ a bezproblémovl realizaciu prieskumnych
prac a tazby nerastnych surovin. Cielom ¢lanku je zdoraz-
nit’, Ze paralelne s harmonizaciou legislativy a surovinove;j
politiky v ¢lenskych statoch EU je nevyhnutné brat do
uvahy aj prirodné podmienky — geologické (geodynamic-
ké) procesy, ktoré su primarnou podmienkou vzniku eko-
nomickych akumulécii surovin, a teda aj lozisk nerastov
verejného vyznamu.

Dorucené / Received: 28. 10. 2016
Prijaté na publikovanie / Accepted: 15. 12. 2016
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U/Pb SIMS zircon dating of a rhyolite intercalation
in Permian siliciclastics as well as a rhyodacite dyke
in micaschists (Infratatricum, W. Carpathians)
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Abstract: The Infratatric Inovec Nappe in northern part of the Povazsky Inovec Mts. (Central Western Car-
pathians) is built of basement kyanite(sillimanite-andalusite)-garnet micaschists to gneisses, which are covered
by the lithologically variable siliciclastic Late Carboniferous and Permian sediments. The U/Pb SIMS zircon ages
of a rhyolite as well as surrounding pyroclastics, present as intercalations in Permian siliciclastic sediments, were
compared with the age of a rhyodacite dyke crosscutting the basement micaschist gneisses. Despite reported diffe-
rences in the petrographic and chemical (major elements) composition of dated volcanic rocks, the obtained U/Pb
SIMS zircon ages are unified in a narrow time interval from ca 267 to 262 Ma, indicating a relatively short-lived
volcanic event. Similarly, the normalized REE and multielement (spider) trace element diagrams with slightly
enriched LREE and rather low Y (Yb, Nb, Ta) content as well as weak Eu anomaly could indicate an arc-type
volcanic rocks. Rhyodacite dyke however, showing no fractionation (no Eu anomaly), approaching primary quartz
diorite/tonalite melt composition, suggests the within plate acid volcanism. Such kind of volcanism is typical for
the Pangea continental margin breakdown and rift-related volcanism. Also this feature, besides the grade of Alpine

tectonometamorphic overprint, strongly differentiates the Infratatric Unit from the overlying Tatric Unit.

Key words: acid volcanic rocks, zircon, U/Pb SIMS, Infratatricum, Western Carpathians
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* Petrography and geochemistry of Permian
acid volcanic rocks of the Infratatric Unit,
Western Carpathians

* U/Pb SIMS zircon Guadalupian (Wordian to
Capitanian) ages of acid volcanic rocks

Highlights

» Continental volcanic arc- and within-plate

SIMS U/Pb zircon dating of a subalkaline rhyodacite dyke
revealed an age of Permian continental rifting

Geological setting

The Infratatric (IFTA) Unit (Puti§, 1992) of the Central
Western Carpathians is a basement/cover structural com-
plex overridden by the Tatric Unit along the Hradok-Zlat-
niky thrust-fault zone, the latter unit later (after Turonian)
being overthrust by the Fatric and Hronic nappes. The
Infratatric Unit was called Carpathian Penninic by Lesko
et al. (1988), because the Tatric Unit was considered ana-
logous to the Lower Austroalpine Unit underlain with the
Penninic Unit in the Eastern Alps (e.g. Tollmann, 1980).
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type geodynamic setting

The IFTA Unit is composed of the higher Inovec and
the lower Belice nappes, exposed in the Miocene horst of
the Povazsky Inovec Mts. (Fig. 1). The Inovec Nappe mi-
caschist-gneiss basement is covered by the Late Carboni-
ferous to Middle Triassic sedimentary rocks (Putis, 1983).
Much complete Permian to Early Cretaceous Humienec
Succession was reconstructed from the underlying Belice
Nappe, where the Late Cretaceous hemipelagic and pela-
gic clayey, cherty-clayey and flysch sediments (Kullmano-
va and Gasparikova, 1982; Plasienka et al., 1994; Putis et
al., 2006, 2008) contain large slices and olistolith blocks
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derived from this succession. Plasienka (2012) considers
the whole succession of the Belice Nappe more or less
stratigraphically continuous (the Humienec unit by Putis
in Lesko et al., 1988), representing the Vahic Oceanic
Unit, despite a true oceanic crust with N-MORB has not
been found. The Middle/Late Jurassic to Early Cretaceous
members of this succession occur as clasts to olistolith
fragments refolded with flysch. The reported “continuity”
from the Early to Late Cretaceous is however broken due
to a mid-Cretaceous tectonometamorphic event. Different
metamorphic grade was found between the Permian to
Early Cretaceous siliciclastic or volcanic fragments in the
flysch sequence on the one hand, and the Late Cretaceous
Couches-Rouges type and flysch shaly sediments on the
other hand (Putis, 1986; Putis et al., 2006, 2008; Sulak et
al., 2009). Therefore a hiatus between the reconstructed
Permian to Early Cretaceous Humienec Succession and
the Late Cretaceous Belice Succession should be taken
into account. Pelech et al. (2016) consider a continua-
tion of the Gosau-type sediments from the Brezova Mts.
eastwards up to the “Tatricum” of the Povazsky Inovec
Mts. Selec Block.

The Inovec Nappe is overthrust with the Tatric Unit
overloaded with the Mesozoic Fatric and Hronic nappes
(Plasienka et al., 1997). In fact, this is a Miocene tectonic
window dated to 21-13 Ma by the apatite fission-track
(FT) ages (Danisik et al., 2004). The only exception is
the southernmost Povazsky Inovec Mts. Hlohovec Block,
which yielded apatite FT age of 41 Ma, compatible with
the apatite cooling ages (below ca. 125-100 °C) from 44
to 35 Ma also determined in the Malé Karpaty and Tri-
be¢ Mts. (Danisik et al., 2004). Only rare exposures of
Paleogene formations covering the Tatric Panska javorina
Nappe including the overlying Hronic (Cho¢) Nappe are
preserved in the study area. The IFTA Inovec Nappe lac-
ks the Paleogene sediments, because at that time it was
underneath the Tatric Unit overloaded with the Mesozoic
Fatric and Hronic nappes as a lid. The Fatric and Hronic
nappe fragments may have been gravitationally slided on
the already being exhumed IFTA Unit most likely since the
Paleogene-Neogene boundary period.

Termination of the Eocene tectonometamorphic over-
print (Putis§ et al., 2006, 2008), dated by newly formed
celadonite-poor muscovite (3.1-3.2 Si pfu; Sulék et al.,
2009) ““Ar/*Ar plateau age of 48 + 2 Ma from the Tatric
Unit hanging wall greenschist-facies granite blastomylo-
nites (ca 300 °C at minimum 4 — 5 kbar; Putis et al., 2009;
25 °C/km gradient), is registered in zircon FT cooling ages
(below ca 250-200 °C) of 47 — 37 Ma from the Inovec
Nappe, according to unpublished data set. This event was
also detected in a basalt olistolith from the Late Cretaceous
flysch close to Humienec Hill by the whole-rock K/Ar age
of 46+£3 Ma (Putis et al., 2008). The Cenomanian to Ma-
astrichtian Belice Basin closed and the lower IFTA Belice
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Nappe has formed being part of the growing Cretaceous—
Eocene accretionary wedge most likely due to foreland
Magura Unit heavy crust southward subduction.

The lowest anchimetamorphic conditions were achie-
ved in the lower IFTA Belice Nappe underthrust below
the higher IFTA Inovec Nappe, being overloaded with the
Tatric, Fatric and Hronic nappes. The Belice Nappe Cou-
ches-Rouges type shales and flysch sediments contain
newly formed white mica (3.13-3.29 Si pfu) of illite-phen-
gite composition with the very low (K+Na) values from
0.5 to 0.7 pfu and K,O from 5 to 7 wt.%, being typical for
the diagenesis, but also for the lowest-temperature meta-
morphic overprint (150-200 °C at 4-5 kbar; ca 12 °C/km
gradient).

However, the basement micaschists and the Late Car-
boniferous to Early Cretaceous cover rocks (including the
reconstructed Humienec Succession) of the Inovec Nappe
show an older, mid-Cretaceous, higher-temperature and
medium-pressure anchi-metamorphic overprint reported
by Puti§ (1981, 1986), Korikovsky and Puti§ (1999), Putis
et al. (2006, 2008) and Sulak et al. (2009). For example,
the presence of illite-phengite (3.21-3.45 Si pfu) with
(K+Na) values from 0.7 to 0.8 pfu and K,O from 8 to 9
wt.% in the Early Cretaceous slates (clast to km-size frag-
ments in late Santonian to Maastrichtian flysch) indicates
medium-anchimetamorphic conditions of 200270 °C at
minimum medium pressure of 5—6 kbar (Putis et al., 2008;
Sulék et al., 2009) or burial to ca 15-20 km depth (15 °C/
km gradient). The newly formed white mica of metamor-
phic illite-phengite to normal phengite (=celadonite-rich
muscovite) composition, yielded “Ar/*’Ar plateau ages
of 114.0+2.4 and 106.2+3.7 Ma (Putis et al., 2009), con-
straining well a late Early Cretaceous (“mid-Cretaceous”™)
metamorphic event. The age of 101.2+2.9 Ma was directly
obtained from the Permian meta-sandstone phengite (sam-
ple PI-4, Horka Valley), | km to NW of dated meta-rhyolite
body (samples PI-R11a, b). These “°Ar/*’Ar ages are coe-
val with the termination of the Jurassic—Early Cretaceous
Humienec Basin Succession and an accretionary wedge
formation in front of the Tatric Unit. The underthrusting
of the IFTA Inovec Nappe below the north-Tatric nappes
is recorded by the age of 102.3£1.9 Ma from the Tatric
Unit hanging wall granite blastomylonite white micas. The
metamorphosed rocks of this Cretaceous wedge are repre-
sented by the higher IFTA Inovec Nappe, recently exposed
north of the Hradok-Zlatniky line (= the thrust fault of the
Tatric Unit over the IFTA Unit), including inferred frontal
Humienec tectonic slice composed of Permian to Early
Cretaceous Humienec Succession, the rock fragments of
which exclusively occur in the Late Cretaceous flysch
(Putis et al., 2008). The outlined metamorphic gradients in
this syn-orogenic accretionary wedge (Putis et al., 2008)
are typical for the subduction related accretionary wedges
(Peacock, 1987; Platt, 1993).
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The Permian siliciclastics of the Ino-
vec Nappe contain numerous prolonged
lensoidal km-size bodies of basic and acid
volcanic rocks discovered and mapped
by Puti§ (1981, 1986) in a wider area E
of Horka nad Vahom village, between
Hradocka and Krajna valleys in the mid-
dle part of the mountains (Fig. 1; see also
Geological Map of the Povazsky Inovec
Mts., Ivanic¢ka et al., 2007). Smaller bo-
dies of basic and acid volcanics in Permian
siliciclastics occur as infolded ones in the
basement micaschist-gneisses NE of Cier-
ny Hill. A rhyodacite dyke crosscuts mi-
caschist-gneisses N of Inovec Hill. Polak
(1956) called this rhyodacite dyke dacite,
and Hovorka (1960) as quartz porphyrite.
Next dykes of this type were found by Pu-
ti§ (1981) to the W and N of Inovec Hill
(Fig. 1), which suggests a presence of the
rhyodacite dyke swarm. Similar basic and
acid volcanic rocks are known from olis-
toliths in the Late Cretaceous red clayey,
cherty-clayey and flysch sediments of
the Belice Succession (Puti$ et al., 2006,
2008), e.g. close to Humienec Hill or NE
of Hradisko Hill (Fig. 1).

The aim of this paper is to present new
U/Pb SIMS zircon ages from a rhyolite
body in the Permian siliciclastics from the
wider area of Horcanska dolina Valley and
to compare these ages with the age of rhyo-
dacite dyke emplaced in micaschist-gneiss
basement rocks, covered by the Permian
volcano-sedimentary rocks. Additional
information concerns a brief petrographic
and geochemical characteristics used for
geodynamic interpretation of dated volca-
nic rocks.

Methodics

The choice of samples for radio-
metric dating was done on the basis of
own mapping and publications (Putis,
1981 — 1986; Putis et al., 2006, 2008).
The GPS sample location: PI-RD1 N
48°47.500°, E 18°03.229°, 796 m a.s.l;
PI-R1la N 48°42.972’, E 17°57.314’,
380 m a.s.l.; PI-RI11b N 48°42,972", E
17°57,314",380 m a.s.1.

The samples were crushed to fine-gra-
ined fractions used for zircon separation
finally under a binocular at the Earth
Science Institute of Slovak Academy
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Fig. 1. Geological map of the Povazsky Inovec Mountains (after Putis, 1981, 1983,
1986; Putis in Krist et al., 1992, completed) with dated samples location. TA = Tatric

Unit, IFTA = Infratatric Unit.
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of Sciences in Banska Bystrica. The pulp samples were . Tab. 1 .
analysed for major, trace, and rare earth element (REE) ~ Thewhole-rock %hem.lc?‘l anal(}l'ses of st111_dle_d samples. MDL
contents, as well as for total carbon, sulfur, and loss-on- the minimum detection fimits.

ignition (LOI) in ACME Laboratories Ltd. in Vancouver in Sample PI-R1la  PI-RI1b PI-RD-1
Canada. Two instruments for inductively coupled plasma wt. % MDL
optical emission spectrometry (ICP-OES) and inductively 8i0, 0.01 76.94 72.04 57.63
coupled plasma mass spectrometry (ICP-MS) were used Tio, 0.01 011 031 131
pled p pectrometry ALO, 0.01 11.69 13.87 16.08
for the whole-rock geochemical anaillyses (Tab. 1). Cr0, 0.002 <0.002 <0.002 0.025
Zircon crystals were mounted in a transparent epoxy Fe,0, 0.04 0.56 2.67 8.48
and polished in order to expose the fresh interior of the MnO 0.01 0.04 0.04 0.06
MgO 0.01 0.05 0.44 5.66

crystals. An epoxy mount was coated with high-purity

gold to reach b20 Q resistance prior to SIMS analysis. ;2% 8:81 é:gg ;:(3)2 2:;3
Images of zircon crystals under translucent and reflec- Kz(z) 0.01 021 0.16 1.67
tive light and CL images were available for careful spot P,0, 0.01 0.06 0.16 0.48
choice avoiding fractures and inclusions. Measurement of LOI -5.1 2.0 L6 3.8

Total 99.96 99.93 99.56

U/Pb analyses of zircons were performed using Cameca

IMS-1280HR SIMS at Institute of Geology and Geophy- ipm X = X =
sics, Chinese Academy of Sciences in Beijing. The com- s : ) : :

Ba 1 114 215 185
plete Instrument description and analytical procedure can Be 1 <1 4 3
be found in Li et al. (2009). The O, primary ion beam was Bi 0.1 <0.1 <0.1 0.4
approximately 20 x 30 pum in size. Positive secondary ions Cd 0.1 <0.1 <0.1 <0.1
were extracted with a 10 kV potential. A mass resolution g;’ 8? 82 ?; 43193
of ca. 5400, defined at 10 % peak height was used to sepa- Cu o1 <01 0.8 350
rate Pb* peaks from isobaric interferences. A single elec- Ga 0.5 15.0 17.4 19.1
tron multiplier was used in ion-counting mode to measure Hf 0.1 2.5 5.0 35
secondary ion beam intensities by peak jumping mode. Hg 0.01 <0.01 <0.01 <0.01
Pb/U calibration was performed relative to zircon standard 11;4;) 8'1 <50;)1 Tgi ;2'5
Plesovice (*Pb/**U age = 337 Ma, Slama et al., 2008). U Ni 01 0.6 29 115.5
and Th concentrations were calibrated against zircon stan- Pb 0.1 0.5 2.7 11.2
dard 91500 (Th = 29 ppm, and U = 81 ppm, Wiedenbeck Rb 0.1 9.3 71.4 99.2
et al., 1995). Measured compositions were corrected for Sb 0.1 <011 0.4 02
common Pb using non-radiogenic 2*Pb. Corrections are ZZ 0%5 <3.5 <§.5 <i;5
sufficiently small to be insensitive to the choice of com- Sn 1 5 9 19
mon Pb composition, and an average of the present-day Sr 0.5 11.7 55.9 475
crustal composition (Stacey and Kramers, 1975) is used Ta 0.1 1.6 1.4 33
for the common Pb assuming that the common Pb is lar- Th 0.2 90 151 2.3

Tl 0.1 <0.1 <0.1 <0.1

gely su?face contamination. introduced during sgmple U 01 11 15 44
preparation. In order to monitor the external uncertainties Y 8 <8 22 129
of SIMS U-Pb zircon dating calibrated against PleSovice w 0.5 1.3 3.7 3.9
standard, a zircon standard Qinghu was alternately ana- Y 0.1 162 274 28.3

lysed as one of the unknowns. Twenty-two measurements ;? 011 822 p 1915 " 13&4 A
on .Qin.gh.u zir.con yi.eld. a Concordia. age of 160 = 1 Ma, La 01 612 416 18.6
which is identical within an error with the recommended Ce 0.1 133.7 89.6 39.3
value of 159.5 + 0.2 Ma (Li et al., 2013). Analytical uncer- Pr 0.02 15.71 10.42 4.95
tainties were within 2 %. Concordia U-Pb ages are quoted IS\Id 00'035 1505'009 ;89'; i 16'2
. 0 . . m . B . .
W'lth 95 % confidence mte.rval. All Concordia ages and Eu 0.02 155 0.89 L42
diagrams were generated using Isoplot/Ex v. 2.49 program Gd 0.05 5.63 6.34 478
(Ludwig, 2001). Tb 0.01 0.61 0.91 0.81
Dy 0.05 3.08 5.19 4.99
Obtained results Ho 0.02 0.54 0.8 0.98
Er 0.03 1.72 2.72 2.73
. . Tm 0.01 0.26 0.38 0.40
The meta-rhyolite (sample PI-R11a) from the Horcan- Yb 0.05 1.79 241 239
ska Valley area belongs to Permian cover of the IFTA Ino- Lu 0.01 0.28 0.37 0.38
vec Nappe. The narrow about 20 metre exposed wide body ZREE 291.16 208.34 107.36
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contains pinkish colour porous to massive fine-grained
glassy rhyolite. Microscopically, it has a well preserved
porphyritic texture of quartz, feldspars and biotite in fine
grained partly recrystallized groundmass (Fig. 2a, b).

Meta-rhyolite pyroclastic rock (sample PI-R11b) re-
presents medium to coarse-grained marginal part of the
fine-grained to glassy rhyolite (sample PI-R1la) from
the same locality. Macroscopically, the mm to cm scale
mineral and rock (rhyolite) fragments are distinguishable.
Microscopically, it has well preserved clastic texture of
quartz, feldspars and biotite, including rhyolite rock frag-
ments, emplaced in fine grained partly recrystallized mat-
rix (Fig. 2c, d).

Meta-rhyodacite north of Inovec Hill (sample PI-RD1)
occurs as a few metre wide dyke crosscutting the Inovec
Nappe basement micaschist-gneiss, the latter forming
mm- to cm-size microxenoliths in the dyke. This fine-grai-
ned rock has a typical dark-green colour with macroscopi-
cally visible rare quartz grains. Microscopically, the rock
has well preserved porphyritic texture of feldspars and
biotite, less quartz, present in the fine-grained aggregate
of lath-shape sodic plagioclase, partly to totally replaced
by newly formed fine-grained white mica. In comparison
with the meta-rhyolite from Horéanska Valley, they are ri-
cher in plagioclase that dominate in the groundmass (Fig.
2e, f). Kalifeldspar occurs only as phenocrysts.

The studied subalkaline silica-oversaturated acid vol-
canic rocks are projected in the rhyolite (samples PI-R11a,
b) or andesite fields (sample PI-RD1) in TAS diagram (Le-
Bas et al., 1986; Fig. 3a), or in rhyolite (samples PI-R11a,
b) and rhyodacite (sample PI-RD1) fields in the diagram of
De La Roche et al. (1980; Fig. 3b).

The chondrite normalized REE patterns (normalization
after Sun and McDonough, 1989) show slightly increased
LREE content. Rhyolite samples display a week negative
Eu anomaly, while rhyodacite has no Eu anomaly (Fig.
3c). In multielement (spider) diagram (Fig. 3d) positive
anomalies of Ba, Th, U, Pr, Nd and Sm are detectable, in
comparisom with depleted contents of Cs, Pb, Nb, As, Sr
and Sc, exhibiting negative anomalies.

The rhyolite samples were projected to volcanic arc
area, while the rhyodacite sample lies at the boundary
between the volcanic arc and within plate areas in dia-
grams of Pearce et al. (1984; Fig. 4a-d) for granitoid rocks.

The dated oscillatory zoned zircon from rhyolite sam-
ple PI-R11a yielded an age of 262.4+2.1 Ma (Fig. 5a, b).
The dated oscillatory zoned zircon from pyroclastic rhyo-
lite sample PI-R11b provided an age 0f 266.5+1.9 Ma (Fig.
Sc, d). The dated oscillatory zoned zircon from rhyodacite
dyke exhibits an age of 262.1+£1.9 Ma (Fig. 5e, ). The usu-
al grain size of dated zircon was from 100 to 300 pm.

Discussion

Rhyolite rock samples (including rhyolite pyroclastics)
were confirmed in both chemical classification diagrams
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(Fig. 3a and 3b). A problem has arisen with the third rhyo-
dacite-type sample in the TAS diagram (Fig. 3a). Despite
the rare occurrence of the quartz phenocrysts (Fig. 2f),
the relatively low content of SiO, (Tab. 1) shifted this
quartz-bearing rock to andesite field. A slight decrease in
SiO, can be ascribed to a metamorphic overprint and ac-
companying Si mobility. A loss of SiO, (of about 5 wt.%)
might have caused the shift from the dacite (rhyodacite) to
andesite field. In classification diagram of De La Roche et
al. (1980; Fig. 3b) this rock already occurs in rhyodacite
field that is more consistent with the mineral composition
of the dyke. Because of this reason we call it “rhyodacite”
in agreement with Puti§ (1981).

Documented normalized trace element patterns (Fig.
3c, d) are compatible with the areas of supra-subduction
volcanism with the melted sources of continental crust.
The chemical composition from quartz diorite/tonalite to
granite may indicate different sources of volcanic rocks
subjected to a different degree of fractionation. Rhyoda-
cite however shows no fractionation, approaching pri-
mary quartz diorite/tonalite melt composition projected
in within plate acid magmatism field (Fig. 4a, b) or on
the boundary between volcanic arc and within plate acid
magmatism (Fig. 4c, d). Rhyolites yield a week negative
Eu anomaly (around 0.2) consistent with a slightly fractio-
nated granite source. The anchi-metamorphic conditions
(Putis, 1986; Puti$ et al., 2008), achieved in the Inovec
Nappe, were not sufficient for a more distinct mobility of
the trace (including REE) elements and the rocks preserve
well an original magma character, or the melt sources.
The obtained zircon ages therefore represent the time of
magmatic emplacement and magmatic crystallization of
rhyolite and rhyodacite.

The ages of studied IFTA samples are consistent
with the zircon age data of Permian volcanic rocks from
northern Veporicum (Kotov et al., 1996; Vozarova et al.,
2016), Gemericum and Meliaticum (Vozarova et al., 2009,
2012) as well as from higher Mesozoic nappes (in pre-
paration). They seem to be related to a global extension
event or Pangea supercontinent breakdown (e.g., Stampfli,
1996; Golonka, 2007) triggered by the NW-ward Paleo-
tethys oceanic crust subduction. This event is often consi-
dered as a pre-orogenic phase of the new - Alpine orogenic
cycle (e.g., Putis et al., 2000). Comparison of the chemical
composition of Permian volcanic rocks could indicate two
different areas of Permian volcanism in the Central and
Inner Western Carpathians. The area of northern Geme-
ricum, Veporicum and Infratatricum exhibits predomi-
nated arc type acid volcanics depleted in Y, Yb, Nb and
Ta. On the other hand in general small Eu anomaly values
(usually less than 0.5) and low fractionation degree is not
in a strong controversion with the riftogenic volcanics.
The area of southern Gemericum and Meliaticum shows
a more typical riftogenic acid volcanics characteristic for
a within-plate paleotectonic environment (Vozarova et al.,
2009, 2012), with an increased Y, Yb, Nb and Ta.
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Fig. 2. Macro- and micro-images of dated rocks: a — b, PI-R11a, ¢ — d PI-R11b, e — f PI-RD1.
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Conclusions

The acid volcanic rocks in the Infratatric Inovec Nap-
pe of the Central Western Carpathians reflect significant
zone of partial melting of continental crust in Permian.
Association of basalts to basaltoandesites with rhyolites
and rhyodacites may correspond to calc-alkaline to subal-
kaline volcanic suite characteristic for active continental
margins. The rhyodacite dykes may indicate a significance
of continental rifting.

The U/Pb SIMS zircon dating of acid volcanic rocks
revealed the narrow time span of Permian — Guadalupian
(Wordian to Capitanian) volcanic activity from ca 267 to
262 Ma. These ages are comparable with those from other
Permian complexes of the Western Carpathians, which
underwent Permian volcanic arc-type activity and/or ex-
tension and accompanying rifting, most likely related to
supercontinent Pangea breakdown.

Such kind of volcanic rocks, including the Permian
siliciclastic host rocks, are missing in the neighbouring
Tatric pre-Mesozoic basement, including the overlying
north-Tatric Panské Javorina Nappe in the Povazsky Ino-
vec Mountains.
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U/Pb SIMS datovanie zirkénu ryolitovej interkalacie v permskych sedimentoch
a dajky ryodacitu v svoroch (infratatrikum, Z. Karpaty)

Clanok sa zaobera datovanim zirkénu kyslych vul-
kanitov typu ryolitov a dajky ryodacitu. Ryolity a ich
pyroklastika sa vyskytuju priamo v klastogénnych sedi-
mentoch permu na svorovych rulach inoveckého prikrovu
infratatrika Povazského Inovca v SirSej oblasti Horcan-
skej doliny, resp. ako zavrasnené vo svorovo-rulovom
krystaliniku. Datovala sa aj dajka ryodacitu, umiestnena
priamo vo svorovych rulach severne od chaty pod Inov-
com. Celohorninové chemické analyzy umoznili zostavit’
grafy normalizované na chondrit (normalizacia s pouzitim
hodnét C1 podla Sun a McDonough, 1989), ktoré ukazuju
zvySeny obsah lahkych prvkov vzacnych zemin vratane
miernej Eu anomalie v pripade ryolitu. Tieto charakteris-
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tiky, ako aj nizky obsah Y (Yb, Nb, Ta) premietaju ryolit
a ryodacit do pola vulkanického oblika podl'a diagramov
granitoidov (Pearce et al., 1984). Ryodacit naznacuje skor
vnutroplatiovy typ vulkanizmu. Datovanie potvrdilo tizky
Casovy interval kyslého vulkanizmu, od 267 do 262 mil. r.
Tento typ vulkanizmu je charakteristicky pre vulkanizmus
ostrovno-oblikového typu a naslednu riftogenézu vnutri
superkontinentu Pangea.
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Modelling of the sorption properties of soils in Slovakia for the purposes of geological information system

Abstract: The article describes an innovative imaging method that through a simple model allows evaluation of
soil units with respect to ability to fulfill their environmental functions. Within solved project there was assessed
a sorption potential of soil (PSP) for the whole territory of Slovakia through the PSP index. The PSP index was
for modelling of soil properties calculated from the data available in the national databases of geochemical and
soil survey, and are crucial to the schematic expression of sorption capacity rate of soils. The calculation includes
information on active soil reaction (pH/H,0), organic matter content (OH), content of clay fraction (OI) and the
thickness of the A horizon (h_AH). Calculatlon was carried out through the score assigned to each range of va-
lues OH, OI and pH. The algorithm takes into account the score values through the different effect of pH on the
function of organic matter and clay minerals. Score of these values is multiplied by the score of thickness and run
according to following formula: PSP ((OH. PH_OH) + (OI. PH_OI)). h_ AH. Due to the limited scope, variability,
or quality of archive data, we focused only on indicators that have been captured at all departmental databases and
are crucial for sorption processes in soil. After the calculation of selected indicators, archived databases received
a new added value. The resulting maps show sorption potential of soil prepared for the whole territory of Slovakia
and are suitable for incorporation into existing geo-information systems.

Key words: potential soil sorption, environmental functions, modelling, contamination, calculation

Potential sorption of soil in Slovakia
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Uvod

V sucasnosti, ked’ na pédu musime nazerat’ nielen ako
na vyrobny prostriedok, ale hlavne ako na zlozku prirody,
ktora zabezpecuje ekologicku stabilitu prostredia, snazime
sa Coraz CastejSie vyjadrit’ a ohodnotit’ tito jej funkciu.
Ekosystémové sluzby prostredia, a predovSetkym envi-
ronmentalne funkcie pody, sa zvacsa vyuzivaju automa-
ticky, bez ohl'adu na to, ¢i si to spolocnost’ uvedomuje,

145

» The sorption potential of the soil for the whole
territory of Slovakia was visualized in the map
exportable for other GIS applications,

+ The evolved model allows evaluation of indi-
vidual soil parameters with regard to their en-
vironmental functions.

Highlights

a ich hodnota sa moze prejavit’ az vtedy, ked je ich zjavny
nedostatok, nastane ich tbytok (Schulte et al., 2015) alebo
sa ich vyuzivanie premietne do ekonomickych nakladov,
resp. benefitov (Viléek, 2014). Kym voda a vzduch su
média so vSeobecne definovanym zlozenim, pevné zlozky
zivotného prostredia ako poda a sedimenty st heterogén-
ne systémy zlozené z mineralnych a organickych stcasti.
Tieto systémy maju zvyc€ajne zna¢nt pufrovaciu schop-
nost, takze degradacné procesy €i zneCistenie mozu byt
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dlhodobo tlmené alebo skryté. Za zmenenych vonkajsich
podmienok sa v§ak mozu tlmené procesy alebo obsiahnuté
latky kratkodobo mobilizovat’ (Khun et al., 2008). Moz-
nost’ ohrozenia podzemnej ¢i povrchovej vody je v tomto
pripade zjavna, ale nemusi nevyhnutne predstavovat’ na-
hly havarijny stav. Poznatky o chemickom zlozeni riec¢-
nych sedimentov a regionalnej distribucii prvkov maju
z geochemického hl'adiska najmé prospekény vyznam.
V pripade umelych vodnych nadrzi a jazier vSak splave-
niny a usadeniny predstavuji negativny prvok. ZanasSanie,
eutrofizacia ¢i kontamindcia vodnych nadrzi urcenych na
pitné ucely, energetiku, zavlahy ¢i rekreaciu ako dosledok
erozie pod v povodi predstavuje zavaznu hrozbu (Hrasko
a Bedrna, 1988; Zauskova, 2003; Apitz et al., 2006). Tie-
to javy vo vel'kej miere zavisia od spdsobu hospodarenia
na pode v povodi a stavu jednotlivych krajinnych prvkov,
ktor¢ tvoria zlozité pufrovacie systémy sluziace ako priro-
dzena bariéra transportu pri erézii alebo pri Sireni polutan-
tov z nebodovych zdrojov (Lowrance et al., 1995).

V ramci SR dodnes neexistuje konzistentny celoplosny
systém, ktory by prostrednictvom jednoduchych modelov
umozinoval rychle vyhodnotenie podnych jednotick alebo
prvkov krajiny vzhl'adom na schopnost’ plnit’ ekosystémo-
vé sluzby. V snahe o kodifikaciu péd z pohladu ich ne-
produkénych funkeii bol vo VUPOP Bratislava uz od roku
2003 postupne vypracivany systém prepoctov, ktoré
vyjadruju mieru plnenia taziskovych environmentalnych
funkcii pol'nohospodarskych pdd Slovenska. Ide o schop-
nost’ poddy akumulovat’ vodu, filtrovat’, imobilizovat’ alebo
transformovat’ cudzorodé latky (Barancikova a Madaras,
2003; Baranc¢ikova a Makovnikova, 2003; Makovnikova
et al., 2007; Makovnikova a Baranc¢ikova, 2008; Vilcek,
2014; Makovnikova et al., 2013). Hodnotené environmen-
talne funkcie pddy predstavuji najvyznamnejSie funkcie,
ktoré je mozné priamo zmerat’, resp. modelovo odvodit’
ich potencidl. Tieto prace sa vSak venuju iba pol'nohospo-
darskym podam a pri potrebe zobrazenia alebo realizacie

opatreni na celonarodnej Urovni tak absentuje nemala cast’
uzemia SR. Nové vysledky eurdépskeho mapovania a hod-
notenia ekosystémov a ich sluzieb (MAES, 2013; MAES,
2014) sice poskytuju prostrednictvom digitalneho atlasu
hodnotenie mnohych environmentalnych funkcii v ramci
krajin EU, hodnotené st viak jednotlivé typy ekosystémov
samostatne, pricom pody nie st inkorporované vo vsetkych
z nich a sledované boli vacSinou indikatory nevhodné na
nase ucely. Prave potreba modelového hodnotenia envi-
ronmentalnych funkcii pdd celého uzemia SR z hl'adiska
schopnosti sorpcie znecist'ujucich latok nas priviedla k na-
vrhu prepoctu (Antal et al., 2012), realizacii modelu a jeho
mapového zobrazenia (Zvara et al., 2015), ktoré pracuju
s dostupnymi celostatnymi databazami vzorkovania pod.

NajdoleZitejSie procesy vizby
chemickych prvkov na pédu

Anorganické kontaminanty

Medzi najzavaznejSie cudzorodé latky v podach
a sedimentoch patria potencialne toxické prvky (PTP),
ktorych sa do prostredia dostava obrovské mnozstvo aj
napriek ochrannym opatreniam aplikovanym v priemysle
a komunalnych zdrojoch znecistenia (tab. 1). Viaceré PTP
posobia v ekosystéme toxicky aj pri nizkej koncentrécii
(Makovnikova etal., 2006; Khun et al., 2008). Toxicita PTP
je rozna a klesa v rade: Hg > Cd > Ni > Pb > Cr. Ich toxi-
cita spociva v substitucii esencialnych kovov v enzymoch
a inych zivotne dolezitych biomolekulach, ¢im dochadza
k inhibicii ich funkeii (Makovnikova et al., 2006). Za mi-
moriadne dblezitu treba povazovat predovSetkym formu
vyskytu prvku, ktord ma z hl'adiska nebezpecnosti zdroja
obvykle dominantny vplyv. Medzi d’alSie faktory patria:
druh prvku, jeho koncentracia, sposob expozicie organiz-
mu, mozné synergické efekty atd’. (Khun et al., 2008).

Tab. 1
Vyskyt kontaminantov v 27 krajinach EU podl'a dotaznika JRC (Huber a Prokop, 2012).
Occurrence of contaminants in 27 EU countries according to the questionnaire of the JRC.

NajcastejSie sa vyskytujice kontaminanty (v %)

v pode v podzemnej vode
tazké kovy (PTP) 35 tazké kovy (PTP) 31
mineralne oleje 24 mineréalne oleje 22
PAU 11 BTEX 15
BTEX 10 iné 14
iné 10 ClU 10
ClU 8 PAU 6
fenoly 1 fenoly 1
kyanidy 1 kyanidy 1
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Chemické prvky st v podach a sedimentoch fixova-
né viacerymi procesmi, najmé vsak sorpnymi procesmi
a tvorbou sekundarnych mineralnych faz. Kedze v pri-
rodnych systémoch je Casto tazké rozhodnut, ¢i docha-
dza k adsorpcii alebo k zrazaniu, termin sorpcia sa Casto
pouziva na oznacenie oboch procesov. NajdolezitejSie
z tychto procesov su procesy spojené s adsorpciou kovov
z kvapalnej fazy na pevnua fazu a v prirodnych podmien-
kach ju podmienuju najma hydrologické a geochemické
pomery (Alloway, 1990; Apitz et al., 2006; Curlik a Jur-
kovic, 2012).

Medzi zlozky, ktoré sa v najvacsej miere podiel’aji na
sorpcnych vlastnostiach podnych koloidov, patria ilové mi-
neraly, karbonaty, Fe, Mn, Al, oxidy Ti a organickd hmota
(huminové latky) (Curlik, 2011). Hiller (2003) a Littera et
al. (2008) poukazuju na to, Zze koncentracia chemickych
prvkov v roztokoch je vyznamnym spdsobom kontrolo-
vana spoluzrazanim a adsorpciou na oxyhydroxidoch Fe.
V pripade, ze povrchové pozicie eSte nie s nasytené ad-
sorbatom, prevlada tvorba povrchovych komplexov. Povr-
chové zrazanie zacne prebiehat’ vtedy, ked’ sa adsorpciou
vyCerpajui povrchové pozicie. Spatné uvolnovanie prvkov
viazanych v oxyhydroxidoch Fe a Mn zavisi od stability
tychto latok v r6znych podmienkach Eh a pH. Ako priklad
mozno uviest’ Fe(OH),(s), ked’ pri poklese hodnot pH sa
uvolfiuju prvky z povrchu mineralu do roztoku (Bentley et
al., 2006). Z toho vyplyva, ze procesy adsorpcie a desorp-
cie prvkov viazanych na oxyhydroxidy Fe a Mn vyrazne
zévisia od hodnoty pH.

Pokial’ ide o ilové mineraly, ich sorpéné vlastnosti
vychadzaju z ich Struktury, ktora sa sklada z vrstvy tet-
raédrov SiO, a k nim viazanych hydroxidovych vrstiev,
v ktorych st oktaedrické pozicie najCastejSie obsadzova-
né Mg*, Al¥, Fe*" a Fe**. Sorpcia potencialne toxickych
prvkov na ilové mineraly je vyznamna predovsetkym pri
vysokej koncentracii tychto prvkov v roztokoch, pretoze
vacsina vymennych miest je tu uz obsadena kationom Ca?*
a d’alsimi hlavnymi kationmi. Najvac¢siu sorpénu kapacitu
maju pddy s obsahom ilovych mineralov smektitovej sku-
piny, najmensiu kapacitu maju pddy s kaolinitom (sorpéna
kapacita klesa v rade: smektit = vermikulit > illit, chlorit
> halloyzit > kaolinit) (Curlik, 2011).

Huminové kyseliny m6zu imobilizovat’ rozpustné vy-
menné formy niektorych potencidlne toxickych prvkov
za vzniku organokovovych komplexov chelatového typu.
Podrla Allowaya (1990) mézu huminové kyseliny s vhod-
nymi reakénymi skupinami ako hydroxylova, fenoxylova
¢i karboxylova vytvarat’ koordina¢né komplexy s kation-
mi kovov. Koeficienty stability maju tendenciu narastat’
v smere: Cu > Fe = Al > Mn = Co > Zn. Na vizbu kovov
na huminové kyseliny a fulvokyseliny maji najvacsi vplyv
karboxylové skupiny a stabilita tychto komplexov narasta
so zvySujucou sa hodnotou pH.
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Schopnostou viazat’ a koncentrovat’ chemické prvky
z prostredia vSak disponuje aj biomasa samotnd. Tuto jej
schopnost, ¢i uz ide o zivu, mrtvu, inaktivovanu alebo
modifikovani biomasu, nazyvame biosorpcia. Mecha-
nizmus zodpovedny za tato akumulaciu je komplexny
a zahfia také procesy ako fyzikalna a chemické adsorp-
cia, absorpcia, precipitacia ¢i idbnova vymena do roéznych
kompartmentov mikrobialnej bunky alebo na ne (Volesky
a Holan, 1995; Vrana et al., 1998) ¢i na korene rastlin
(Jackson, 1998). Potencidlne vyuzitie sorpcnych vlastnosti
mikroskopickych vlaknitych hub ¢i vodnych rias otvara
moznosti aj v oblasti sanacie kontaminovanych pod a vod
biosorbentmi (Cerfiansky et al., 2007; Mel¢akova, 2008;
Petkova et al., 2014; Zemberyové etal., 2014).

Organické kontaminanty

Pokial’ ide o organické zluceniny, vzhl'adom na svoju
malu rozpustnost’ vo vode vytvaraju silné hydrofobne ale-
bo sorpcné vizby s organickou hmotou, ¢o spdsobuje ich
akumulaciu v podach a sedimentoch (Vrana et al., 1998;
Dercova et al., 2009; Hiller et al., 2011). Z environmen-
talneho hladiska su dolezité najmid PAU a halogénované
uhl'ovodiky, ktorych hlavny problém tkvie v ich rezistent-
nosti vo vztahu k fotolytickej, chemickej a biologicke;j
degradacii v zivotom prostredi, v schopnosti akumulovat’
a koncentrovat’ sa v lipidovych Struktirach zivych orga-
nizmov, vyvolavat’ neziaduce ucinky na l'udské zdravie
a vzhladom na schopnost’ sorpcie dlhodobo sa akumu-
lovat’ v okoli zdroja. Na zaklade niektorych podobnych
vlastnosti bola vytvorena skupina tzv. perzistentnych orga-
nickych polutantov (POPs) (Apitz et al., 2006; Khun et al.,
2008). Napriklad pri uvolnovani PCB do p6dy dochadza
k ich adsorpcii na ¢astice pody, maju tendenciu sa v pode
koncentrovat’, pricom nemaju tendenciu sa z pddy, resp.
sedimentu vyltihovat’ vodou za beznych podmienok. Po-
kial’ ide o vyparovanie, z pody l'ahSie prchaju nizsie sub-
stituované PCB. Pri uvolmiovani PCB do vody dochadza
nasledne k akumulécii v sedimentoch a suspendovanych
casticiach. Hoci adsorpcia zabezpecuje ich imobilitu na
relativne dlhy ¢as (zvlast' v pripade vyssie chlorovanych
PCB), je mozné aj spétné uvolnovanie do vody (Haluska
etal., 1993; Hiller et al., 2011).

Pri opise biosorpénych javov v organickej hmote sa
v minulosti va¢sinou konstatovalo, Ze akumulacia vysoko
hydrofébnych organickych latok priamo zavisi od obsahu
lipidov v biomase. K opa¢nému zisteniu vSak dospeli Shin
et al. (1970) pri sledovani adsorpcie DDT réznymi podny-
mi frakciami. Absencia Struktir podobnych lipidom nezni-
zila, ba naopak, zvysila sorpciu DDT podou, ¢o naznacuje,
ze pri biosorpcii mozu hrat tlohu aj iné latky. Zaujimavé
je aj zistenie, ze biosorpcna kapacita roznych vzoriek bio-
masy vlaknitych hub priamotimerne zavisela od mnozstva
celkového organického uhlika (TOC). Tento jav vSak nie
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je objasneny, da sa len predpokladat’, ze biosorpéna kapa-
cita sa zvySuje s podielom destruovanych mikrobialnych
buniek v médiu, ktory koreluje s obsahom TOC uvol'nené-
ho do média (Tsezos a Seto, 1986).

Material a metody
Metodika hodnotenia potencialnej sorpcie pody

Potencialna sorpcia pddy vyjadruje v zjednodusenej
forme fyzikalnu a fyzikalno-chemicktl schopnost pody
viazat’ idony a molekuly réznych latok a tlmit reakcie pre-
biehajuce medzi jednotlivymi fazami. V ramci projektu
Geologicky prieskum pravdepodobnych environmental-
nych zatazi metodami dialkového prieskumu Zeme a mo-
delovanim (Zvara et al., 2015) bola potencialna sorpcia
pddy vyhodnotena z celého tizemia SR prostrednictvom
indexu PSP. Index PSP na modelovanie vlastnosti pod bol
vypocitany z tdajov, ktoré boli k dispozicii v databazach
a ktoré st na zaklade uvedenych poznatkov klicové pri
schematickom vyjadreni miery sorp¢nej kapacity kon-
krétnej pody. Do vypoctu vstipili tdaje o aktivnej podne;j
reakcii pH/H,O (pH), obsahu humusu (OH), obsahu ilove;
frakcie (OI) a hribke horizontu A (h_AH). Priestorové

k jednotlivym rozsahom hodndt OH, Ol a pH. Pri metodike
sme sa inSpirovali vypoctom Makovnikovej et al. (2007),
ktory po modifikacii pracuje s inymi pddnymi indikatormi.
Klacom pri vybere indikatorov bola pritomnost’ potreb-
nych udajov v rezortnych databazach, ich konzistencia
a zasadny vyznam pre sorpéné procesy v pode. Algoritmus
tu prostrednictvom skoére hodndt pH stanovenych zvlast
pre OH a OI zohl'adnuje aj fyzikalne a chemicky rozdielny
vplyv hodnoty pH na funkciu humusu a ilovych mineralov.
Skore tychto veli¢in je vo vypocte vynasobené hodnotou
skore hrubky horizontu A podl'a nasledujlicej rovnice:

PSP = [(OH . pH_OH) + (OI . pH_OI)] . h_AH.

Skore jednotlivych indikatorov bolo stanovené na za-
klade tabul’ky 2.

Vysledné hodnoty indexu potencialnej sorpcie boli za-
radené do nasledujucich tried:

— vel'minizka 2,5;
— nizka 2,51 - 4,5;
— stredna 4,51 - 6,5;
— vysoka 6,51 - 8,5;
— velmi vysoka 8,5.

Tab. 2.
Rozsah hodnét a skore sledovanych indikatorov.
Range of values and achieved scores for the monitored indicators.

Obsah humusu (%) (oH) | PH p“(’:ll_’i%‘é‘)“m“s“ Obsahilu (%) (OT) | pH pre obsah ilu (pH_OT) Hr"‘bk(*:li‘gr}ilz)"“t“ £
rozsah skére rozsah skére rozsah skore rozsah skére rozsah skore
> 8,01 5 >17,01 3 >50,01 2,5 >17,01 3
6,01 -38,0 4 6,01-7,0 2 40,01 - 50 2,0 6,01 -7,0 2 >21cm 2
5,01-6,0 3 4,51-6,0 1 25,01 -40 1,5 4,51-6,0 1 <2l cm 1
4,01-5,0 2 <45 0,5 10,01 —25 1,0 <45 0
0,05 -4,0 1 0,05-10 0,5

vrstvy jednotlivych indikatorov boli ziskané z dostupnych
bodovych udajov prieskumu pdd realizované¢ho v ramci
tloh Geochemicky atlas SR, ¢ast Pédy (Curlik a Sef¢ik,
1999), GEMAS (Slaninka et al., 2011), siborov map geo-
faktorov zZivotného prostredia a inych. Po geostatistickom
a interpolatnom spracovani tieto tdaje pokryvaju celé
uzemie SR v gride 100 x 100 m.

Vypocet bol realizovany na zaklade navrhu metodi-
ky Antala et al. (2012) prostrednictvom priradenia skore
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Metodika spracovania a interpretacie udajov

Analyza aj interpretacia vysledkov bola spracovana
v prostredi geografického informaéného systému ArcMap
s roz$ireniami na rastrové analyzy Spatial analyst a geosta-
tistické analyzy Geostatistical analyst. KI'icovym bodom
analyz bola extrapolacia bodovych tdajov prieskumu péd
do spojitych poli reprezentujucich priestorovu distribtciu
jednotlivych faktorov pouzitych na schematické vyjadre-
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nie miery sorpcnej kapacity. Pri odvodzovani spojitych
poli obsahu humusu a obsahu ilu sme vychadzali z 24 736
sond (priemerne asi 5 sond na 10 km?) a pri odvodzova-
ni spojitého pola aktivnej pddnej reakcie (pH/H,0) sme
vychadzali z 9 961 sond (priemerne asi len 2 sondy na
10 km?). Tu si treba uvedomit’, Ze ide o priemerné hodnoty
hustoty vzorkovacej siete a skutocné rozmiestnenie sond
je priestorovo zna¢ne nehomogénne, s podstatne vysSou
koncentraciou sond na pol'nohospodarsky vyuzivanych
pddach v nizinach a kotlinach. Vzhl'adom na znaénu
heterogenitu prirodného prostredia Slovenska a tym aj
Cinitelov determinujucich priestorova distribtciu jednot-
livych faktorov vstupujucich do vypoctu miery sorpénej
kapacity pody sa vyuzitie Standardnych interpolac¢nych
metod ukazalo ako nevhodné. To znamena, ze vypocitané
spojité rastrové polia jednotlivych faktorov v dostatocnej
miere neodzrkadl'ovali zakonitosti priestorovej distribtcie
krajinnej sféry, ako napriklad diskontinuity na rozhraniach
kontrastnych prirodnych prostredi, pri¢inné zavislosti me-
dzi distribuciou jednotlivych prvkov krajinného prostredia
a podobne. Preto sme sa pokusili o komplexnejsi pristup
k modelovaniu priestorovej distribucie jednotlivych fak-
torov, pricom pri kazdom faktore sme volili modifikovany
pristup v zavislosti od dostupnych udajov, miery entro-
pie a priestorovej autokorelacie faktora. Vychadzali sme
z predpokladu, ze procedirou integracie je mozné spres-
fovat’ a detailizovat’ mapovanie priestorovej diferenciacie
jednej tematickej vrstvy na zaklade referencnych vrstiev,
ktorych informacna hustota a vierohodnost’ je vyssia.

Ako zdroj udajov o diferenciacii prvkov geografického
prostredia (vysvetlujice faktory priestorového rozlozenia

e

Obr. 1. Mapa skore obsahu ilovej frakcie.
Fig. 1. Map of achieved score for content of clay fraction.
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OI) bola pouzita vektorova digitdlna databaza abiokom-
plexov (Malik et al., 2012). Vyhodou pristupu bolo, ze
hodnoty atributov opisujucich jednotlivé arealy st verti-
kalne konzistentné (logicky nerozporné) a pri naslednom
skumani korela¢nych vizieb sa vyskytne podstatne menej
chyb vo vstupnom subore. Abiokomplexy vznikali do-
slednym delenim uzemia na ¢o najhomogénnejsie Gtvary
krajinného priestoru a obsahujt udaje o vsetkych zlozkach
krajiny, no najmé o geomorfologii, geoldgii, podach, kvar-
téri a klime.

Obsah ilovej frakcie (OI)

Pri modelovani OI (obr. 1) sme pristapili k zjednoduse-
niu arealov abiokomplexov, prebehla teda geograficka ty-
pizacia. Na zjednodusenie arealov sa vybrali nasledujiice
charakteristiky:

a) kod morfografickej charakteristiky formy reliéfu,

b) kod polohy formy vzhladom na transport mate-
rialu,
prevladajtci sklon formy — kategoria,
kod podneho subtypu,
geologickosubstratovy komplex,
kod klimatogeografického regionu.

¢)
d)
e)
f)

Vysledkom danej typizacie bol vznik novych aredlov,
ktorych hranice tvoria linie s predpokladanou skokovou
zmenou obsahu pddnych frakcii. Pre takto definované
arealy bola v d’alSom postupe zvolena interpolacna, resp.
geostatisticka metdda, schopna najlepsie vystihnut' zako-
nitosti priestorovej distribucie pod v danych fyzickogeo-

'\ Rid, ¥
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grafickych podmienkach, pri¢om hranice takychto arealov
sa povazovali za bariéry interpolacie.

Odvodenie gridu sme realizovali v zavislosti od geo-
grafického charakteru uzemia a hustoty pddnych sond
dvomi samostatnymi metdédami, aby boli v ¢o najvyssej
moznej miere zachytené hlavné Crty variability modelo-
vaného javu. Interpolacna metdda spline s bariérami bola
pouzita pri tych homogénnych arealoch (abiokomplexoch),
v ktorych boli k dispozicii vzorky aspon z dvoch podnych
sond. V takto definovanych uzemiach nie je vnatorna va-
riabilita zloziek krajiny ovplyviujucich priestorovu distri-
buciu parametrov pody relevantna. Predpokladala sa teda
spojita zmena obsahu mineralnych frakcii v pdde, ktoru je
mozné dobre interpolovat’ zvolenou metodou. Bariéry boli
definované na kontrastnych hraniciach medzi abiokom-
plexmi, kde sa na zaklade analyz predpokladala skokova
zmena podnych parametrov, napriklad medzi aluvialnymi
formami, resp. ostatnymi koncovymi morfograficko-po-
lohovymi formami reliéfu a transportnymi formami. Pri
homogénnych arealoch, v ktorych sa vyskytovala len jed-
na sonda, boli v nej merané hodnoty vztiahnuté na cely
areal. Pri ostatnych Gizemiach s variabilitou zloziek kra-
jiny ovplyvnujucich priestorovu distribuciu zrnitostnych
frakcii pody vyssou, ako bola hustota pédnych sond, bola
pouzita metdda viacnasobnej linearnej analyzy. Pri nej boli
na zaklade regresnej analyzy ako vysvetlujuce premenné

Obr. 2. Mapa skore obsahu humusu.
Fig. 2. Map of achieved score for content of soil organic matter.
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pouzité nasledujuce charakteristiky, najlepsie vysvetl'u-
juce variabilitu skimaného javu: geologickosubstratovy
komplex, pddny subtyp, sklon svahu, dizka svahu.

Obsah humusu (OH)

Pri modelovani priestorovej distribicie OH (obr. 2)
sme zvolili podobny postup ako pri O, ale s istym roz-
dielom. Pretoze neboli pozorované Statisticky vyznamné
korelacie medzi OI a d’al§imi skiimanymi charakteristi-
kami prirodného prostredia, nebolo ucelné pouzitie viac-
nasobnej linearnej regresie. Ista Statisticka zavislost’ bola
pozorovana medzi pddnym typom a OH, kde sa preukazali
Statisticky vyznamné rozdiely v priemernej hodnote OH
pri jednotlivych kategoriach podnych typov. Predpokla-
dali sme teda, Ze ich hranice mézu tvorit’ linie s predpo-
kladanou skokovou zmenou OH. Na interpolaciu OH sme
pouzili lokalnu polynomicku funkciu so zahrnutim barié-
rového efektu, pricom pouzité bariéry nie su absolutne,
ale pomerne k miere priepustnosti (kontrastnosti) znizuji
vplyv sond na izemie za bariérou. Tato interpolacna meto-
da umoznovala zahrnat’ do distribucie OH ako spresnujuci
faktor mapu pddnych typov, pricom sme predpokladali, ze
OH v ramci arealu pddneho typu sa meni spojito a k sko-
kovym zmenam dochédza pozdiz hranic aredlov. Intenzita
bariérového efektu bola odhadnuta expertne na zaklade
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kontrastnosti susediacich pddnych typov, pricom sa bral
do tvahy rozdiel v priemernej hodnote OH medzi jednot-
livymi poddnymi typmi.

Aktivna pédna reakcia (pH)

Pri tvorbe modelu priestorovej distribtcie hodnoty pH/
H,O sme vychadzali z predpokladu, Ze hodnota pH zavi-
si od viacerych faktorov prirodného prostredia. Testovali
sme hypotézu, Ze je mozné odvodit’ Statisticky vyznamny
regresny vzt'ah medzi pH a nadmorskou vyskou, priemer-
nou vlhkostou pody reprezentovanou zrazkovym prebyt-
kom, vegeta¢nym pokryvom a geologickym podkladom.
Najtesnejsia zavislost’ sa preukazala medzi hodnotou pH
a zrazkovym prebytkom (koeficient determinécie 0,3)
a nasledne nadmorskou vyskou. Medzi tymito dvomi
premennymi sa vSak preukdzala vyznamna kolineacia.
Na modelovanie priestorovej distribicie sme teda pouzili
regresnu rovnicu medzi zrazkovym prebytkom ako neza-
vislou premennou a pH ako zavislou premennou. Nasledne

Obr. 3. Mapa skore aktivnej podnej reakcie.
Fig. 3. Map of achieved score for active soil reaction.

Hrubka horizontu A (h_AH)

Ako hlavné diferencia¢né kritérium hibky pody uva-
dzaju viaceri autori pddotvorny substrat (geologickosub-
stratovy komplex v abiokomplexoch) (Migian, 1977; Saly,
1998) a sklon terénu. Této zavislost’ sa potvrdila aj Statistic-
kym zhodnotenim zavislosti h_ AH od tychto premennych
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sme testovali odchylky hodnot modelovanych na zaklade
regresnej rovnice a meranych hodnét na jednotlivych son-
dach. Vypocitané rezidua sme d’alej interpolovali podobne
ako pri OH lokalnou polynomickou funkciou so zahrnu-
tim bariérového efektu, pricom pouzité bariéry nie st ab-
solutne, ale pomerne k miere priepustnosti (kontrastnosti)
znizuju vplyv sond na uzemie za bariérou. Pretoze sa ista
Statisticka zavislost’ potvrdila medzi geologickosubstrato-
vym komplexom (GSK) a hodnotou pH, kde sa preukazali
Statisticky vyznamné rozdiely v priemernej hodnote pH
pri jednotlivych kategoriach GSK, predpokladali sme, ze
ich hranice mozu tvorit’ linie s predpokladanou skokovou
zmenou pH. Takto interpolované vysledné rezidud sme
potom pripocitali ku gridu modelovanému na zaklade
regresnej rovnice medzi zrazkovym prebytkom a hodno-
tou pH. Model prostrednictvom hodndt skore pH stanove-
nych zvlast pre OH a OI zohl'adiuje fyzikalne a chemicky
rozdielny vplyv hodnoty pH na funkciu humusu a ilovych
mineralov (obr. 3).

pH pre obsah humusu pH pre obsah ilu

Skore Skore

B o5 (<45 Bl 0 <45)
B 1 451-6,01) B 1 451-601)
[12601-70 []2601-7,0)
[ I3=70m [ ]3&70m)

na vyberovom subore podnych sond. Na zaklade takto
vytvorenej schémy sme k jednotlivym aredlom, abiokom-
plexom, priradili kategériu h AH v zavislosti od atributu
geologickosubstratovy komplex a kategoria sklonu. Pred-
pokladali sme, Ze priestorova diferenciacia obsahu skeletu
v pdde je riadena d’al$imi vlastnost’ami reliéfu, z ktorych
sme za diferenciacné povazovali morfograficko-polohovy
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Hrabka horizontu A
Skore

|:| 1(<21cm)
- 2(=21cm)

Obr. 4. Mapa skore hribky horizontu A.
Fig.4. Map of achieved score for thickness of A horizon.

D hranica lokality
Potencialna sorpcia pody
- 0 - 1 velmi nizka

[ 1.01-25nizka

E 2,51 -5 stredna
[1501-10vysoka

- 10,01 - 42 velmi vysoka

Obr. 5. Priklad vysledného zobrazenia potencialnej sorpcie pody na vybranej lokalite Stara Tura, skladka komunalneho odpadu Drahy
vrch.
Fig. 5. Example of resulting display of potential soil sorption at selected site Stara Tura - Drahy vrch communal waste dump.
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Potencidlna sorpcia pody
- 10,01 - 42 velmi vysoka

- 0 -1 velmi nizka
[ 1,01 -25nizka

[ ]251-5stredna
[ 5,01 - 10 vysoka

Potencialna sorpcia pody

Obr. 6. Vysledné mapové zobrazenie potencialnej sorpcie pody spracované z celého izemia SR.
Fig. 6. Resulting map display of potential soil sorption prepared for whole territory of the Slovak Republic.
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typ a geometricktl formu. Na zaklade tychto faktorov sme
modifikovali hodnoty h_ AH pre kazdy typ abiokomplexu
a vytvorili sme gridovu vrstvu h AH (obr. 4).

Vysledky a diskusia

Pomocou opisanej metodiky sme ziskali hodnoty gri-
dov jednotlivych indikatorov, ktoré sme nasledne klasi-
fikovali do intervalov na zaklade tab. 2 a k jednotlivym
intervalom sme priradili skore. Vysledny grid indexu po-
tencialnej sorpcie pody bol vypoéitany metddou mapovej
algebry na zaklade uvedenej rovnice a klasifikovany do
prislusnych tried indexu potencialnej sorpcie pddy. Pri-
klad vysledného zobrazenia potencialnej sorpcie pody na
vybranej lokalite s environmentalnou zatazou vytvorené-
ho s vyuzitim opisané¢ho modelu je uvedeny na obr. 5. Pri
interpretacii plati nepriamy vzt'ah medzi hodnotou poten-
cialnej sorpcie a rizikom spojenym s kontaminaciou pody.
Nizsia hodnota potencialnej sorpcie predstavuje vyssie
riziko mobility a toxického posobenia PTP vstupujicich
do pddy. Vysledné mapové zobrazenie potencialnej sorp-
cie pddy spracované z celého uzemia SR je vhodné na pri-
padné zakomponovanie do sucasnych geoinformacnych
systémov (GeolS, IMK, Pdodny portal atd’.) a je uvedené
na obr. 6.

Aj napriek tomu, ze vysledky respektuju zakladné fy-
zikalno-chemické procesy v podach, sme si vedomi, ze
model podlieha zna¢nému zjednoduseniu a existuje cely
rad inych funkcii pddy, ktoré sme do analyz nezahrnuli.
Vzhl'adom na obmedzeny rozsah, variabilitu alebo kvali-
tu archivnych udajov sme sa ststredili iba na indikatory,
ktoré boli vo vsetkych vyuzitych databazach a su kl'icové
pre sorpcné procesy v pode. Po uvedenych prepoctoch vy-
branych indikatorov tak rezortné archivne databazy geo-
chemického prieskumu pdd dostali novia pridanti hodnotu
a stale poskytujil moznosti na ucelové hodnotenie d’alsich
funkcii. Komplexnému hodnoteniu ekosystémovych slu-
zieb v prospech spolocnosti sa v sucasnosti venuje velka
pozornost’ hlavne v eurépskom meradle (DEFRA, 2007;
EEA, 2011). Vysledkom takychto experimentalnych me-
todik bol napr. projekt celoeuropskeho mapovania a hod-
notenia ekosystémov a ich sluzieb MAES (MAES, 2013;
MAES, 2014). Tento projekt sice prostrednictvom digital-
neho atlasu poskytuje hodnotenie mnohych environmen-
talnych, regulaénych aj kultarnych funkcii, hodnotené
su vsak jednotlivé typy ekosystémov samostatne, pricom
pody nie st sucast'ou vSetkych z nich. Vacsinou sa sledo-
vali indikatory nevhodné na nase ucely. Prace ako napr.
Barancikova a Madaras (2003), Barancikova a Makovni-
kova (2003), Makovnikova et al. (2007), Makovnikova
a Barancikova (2008), Vil¢ek (2014) ¢i Makovnikova et al.
(2013) venujuce sa potencialom pody akumulovat’ vodu,
filtrovat’, imobilizovat’ alebo transformovat’ cudzorodé
latky st pre nds v mnohom inspirujtiice. Pracuji vsak iba
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s databazami poI'nohospodarskych pdd, resp. monitoringu
pod (CMS Péda), ktoré bud’ nepokryvaji celé izemie SR,
alebo udaje nie su pri kI"ai€ovych indikatoroch kompatibil-
né s databazami rezortu zivotného prostredia. Pri potrebe
ucelového zobrazenia, modelovania niektorych funkcii
alebo realizacie opatreni na celonarodnej urovni tak absen-
tuje nemala ¢ast’ izemia SR, o tieZ otvara otazku potreby
harmonizacie rezortnych databaz a metodik v SR.
Stcastou riesenej geologickej ulohy Zvaru et al.
(2015) bolo okrem prezentovaného modelu potencialnej
sorpcie pody aj modelovanie na konkrétnych 87 lokalitach
vybranych environmentalnych zatazi v SR. K vSetkym
boli zostavené syntetické modely rizik ohrozenia povrchu
a povrchovej vody, pddy a podzemnej vody. Takyto pri-
stup umoznil komplexné posudenie lokalit z hl'adiska po-
tencialnej citlivosti, resp. odolnosti proti kontaminacii ¢i
geodynamickym javom v zavislosti od pddnych, geologic-
kych, geomorfologickych a klimatickych charakteristik.
Modely rizik su v zmysle metodiky vzajomne previaza-
né, pricom vysledky modelu rizika kontaminacie povrchu
a povrchovej vody v kombinacii s modelom sorpcie pod
su stavebnymi kamenmi modelu rizika kontaminacie pod.
Vysledky modelu rizika kontaminacie pod v superpozicii
so stupfiom senzitivity podzemnej vody (model zranitel-
nosti podzemnej vody) a faktormi hydrologickej bilancie
tvoria zéklad vypo¢tu modelu rizika kontaminacie pod-
zemnej vody. Tu je potrebné zdoraznit', ze vsetky uvedené
modely poukazuji len na potencial tizemia, jeho citlivost,
resp. odolnost’ proti moznému vyskytu znecistenia a opisu-
ju cesty, spOsoby spravania a $irenia mozného znecistenia.
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Modelling of the sorption properties of soils in Slovakia for the purposes
of geological information system

In a need of purposeful visualization and modelling of PSP ((OH. pH_OH) + (OL. pH_OI)). h_AH. Given by the
environmental functions of the soil, or implementation of  limited scope, variability or quality of archive data, we
measures at national level, there is a lack of large areas  focused only on indicators that have been captured in all
at present, due to a low level of departmental databases  departmental databases and are crucial for sorption pro-
and methodologies harmonization in the Slovak Repub-  cesses in the soil. After calculation of selected indicators,
lic. Just this need for modelling of environmental func-  the archived databases received a new added value. An
tions of soils for the whole territory of Slovakia in terms  example of resulting visualization of the potential sorption
of ability for sorption of pollutants has led us to design  of the soil at the selected location with the environmental
a calculation (Antal et al., 2012) and implementation of  burden created using described model is shown in Fig. 5.
the model and imaging of the map (Zvara et al., 2015).  The resulting map of potential sorption of soil, prepared
The PSP (sorption potential of soil) index was calculated  for the whole territory of Slovakia, is suitable for eventu-
for the modelling of soil properties from the data whichare  al incorporation into the current geo-information systems

available for years in the national databases of geochemi-  (GeolS, IMK, soil map portal, etc.) and is shown in Fig. 6.
cal survey, and which are crucial for schematic expression  The interpretation applies an inverse relationship between
of sorption capacity rate of soils. The calculation inclu-  the value of sorption potential and risks associated with the

des information on active soil reaction (pH/H,O), organic ~ soil contamination. The lower value of potential sorption
matter content (OH), content of the clay fraction (OI)  represents a higher risk of mobility, or toxic action of con-
and the thickness of the A horizon (h_ AH). Calculation  taminants entering the soil. It should be pointed out that
was carried out through the score assigned to each range  the model indicates only the potential of the territory, its
of values OH, OI and pH. Algorithm takes into account  sensitivity, resp. the resistance to the possible occurrence
the score values through basic physico-chemical proces-  of contamination.

ses and the impact of different pH values on the function

of organic matter and clay minerals in the soil. Score of

these values is multiplied by the score value of the A ho- Dorucené / Received: 22. 8. 2016
rizon thickness and run according to following formula: Prijaté na publikovanie / Accepted: 15. 12. 2016
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Geochemical evaluation of environmental risks in locality of abandoned Hg-deposit Mernik
(Eastern Slovakia)

Abstract: Geological survey on the site of Mernik has defined the nature of pollutants, encompassing inorganic
substances with mercury, antimony and nickel (geogenic origin) as the risk elements, as well as typical materials
of mine sites exceeding limit values — Fe, Mn, or sulphates. The primary source of pollution in the study area is
represented by the heaps and impoundments, which are washed by the water and weathering process, causing the
soil and surface water pollution. Leaking water from the mine shafts represents a secondary source of pollution
of the surface waters in the western area, though due to the low outflows of the water from all monitored shafts,

the mine water does not pose a significant risk.

Key words: environmental burden, Hg, geochemical evaluation of contamination, abandoned deposit, Mernik
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Environmental burden “Mernik — Hg mines” is
a product of weathering of local rocks, bearing
hazardous elements in mineral phases (Hg, Sb,
Fe, Mn and sulphates), as well as ultramafic
pebbles in conglomerates (source of Ni),
combined with the long term Hg ores mining
and processing effects (mine waste and water
outflows from adits)

Highlights

Uvod

Charakter environmentalnej zataze (EZ) Mernik —
ortutové bane suvisi s dlhodobo vykonavanou tazbou,
spracovanim a upravou ortutovej rudy na lokalite Mernik.
Lozisko je zname od konca 17. storo€ia, najintenzivnejsia
exploatacia loziska prebiehala od r. 1923 s maximalnou
tazbou v rokoch 1935 — 1936 (32 t kovu). Pre vycerpa-
nie zasob sa v roku 1937 prevadzka definitivne zastavila
a v roku 1940 bola bana zatopena (Daniel et al., 2003).
Studovana lokalita je typickym prikladom zataZenej ob-
lasti po ukoncenej banskej Cinnosti, kde potencidlnym
zdrojom znecist'ujucich latok su najmé banska voda, haldy
vzniknuté po t'azobnej ¢innosti a odpad zo spracovania Hg
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rudy. Haldy (odvaly) st vo velkej miere zarastené, a preto
je vel'mi tazké ich identifikovat’ a odhadnut’ mnozstvo de-
ponovaného materialu (obr. 1). V minulosti boli vyznam-
nym zdrojom uniku ortuti do zivotného prostredia exhalaty
vypustané do ovzdusia byvalym zavodom na upravu Hg
rudy. Ortut’, ktora sa dostavala do ovzdusia, dopadala vo
forme prasného spadu na povrch na relativne rozsiahlom
uzemi a sposobovala kontaminaciu pody a flory v nezna-
mom rozsahu.

Lokalita opusteného loziska Mernik sa nachadza
v PreSovskom kraji (okr. Vranov nad Toplou, vychodné
Slovensko). Od obce Mernik je vzdialend asi 1,3 km na JZ.
Je situovana na konci udolia Potkania debra a usti do toku
Cicava. Studované tzemie je evidované v Registri envi-



Mineralia Slovaca, 48 (2016)

ronmentélnych zatazi (SAZP) ako environmentélna zat'az
VT [(018)/Mernik — ortutové bane — SK/EZ/VT/1024,
Register B].

Tato Stidia prezentuje vysledky prieskumu environ-
mentalnej zataze Mernik ziskané v ramci geologickej
ulohy Prieskum prioritnych environmentalnych zatazi
na vybranych lokalitach Kosického a Presovského kraja:
Poproc — Petrova dolina, Smolnik — tazba pyritovych rud,
Mernik — ortutové bane, cast’ 16 (stdast’ ilohy MZP SR
Prieskum environmentalnych zatazi na vybranych lokali-
tach SR).

GEOLOGICKE POMERY STUDOVANEJ OBLASTI

Sirsie okolie mernickeho rudného pola lezi na jjz.
okraji vnutrokarpatského paleogénu, na priesecniku moca-
riansko-topolianskeho zlomového systému a je stcastou
rudného rajonu Slanskych vrchov (Ilavsky a Satran, 1980).
Uzemie je tvorené hlavne kvartérnymi sedimentmi, sedi-
mentmi molasy Vychodoslovenskej niziny, neogénnym
vulkanickym komplexom a flySovym suvrstvim vnutro-
karpatského paleogénu (obr. 2).

Kvartér je zastipeny suvislym pokryvom proluvial-
nych sedimentov s hribkou 5 — 6 m. Na jv. strane koty
Lipova (310,6) st deluvialne sedimenty, v prevaznej Casti
zlozené z tlomkov ryodacitu, a na svahoch roklin Lasch
a Potkania debra st splachové rezidua z ilomkov zlepen-
cov a ryodacitov. Na zlozeni kvartérnych sedimentov sa
vo vyznamnej miere podiel’aju aj antropogénne navazky
vo forme odvalov a zvyskov po banskej ¢innosti. Neo-
génne suvrstvia ilovcov, prachovcov a pieskov nemaju
vztah k lozisku Mernik. Najvyznamnejsim geologickym
Cinitelom v Studovanom uzemi je neogénny vulkaniz-
mus, ktorého produkty intruzivneho charakteru zarad'uje-
me do badenu az spodného sarmatu (Vass et al., 1987).
Vyznamnu ulohu pri vzniku a distribucii ryodacitového
vulkanizmu zohral mocariansko-topoliansky zlomovy sys-
tém (vrchny baden) na priese¢niku so ssv.-jjz. zlomovym
systémom. V mernickej oblasti boli overené dva zaklad-
né privodné systémy (Daniel et al., 2003) — kota Lipova
a Urbarsky les — a dajky s radidlnym a koncentrickym
usporiadanim. Obidva systémy predstavuju (na zaklade
morfologie a fluidalnosti telies) erozivne odkryt podpo-
vrchovu intruzivnu ¢ast’ zlozitého intruzivno-extruzivneho
telesa. Po litofacialnej stranke vnutornu Cast’ tychto telies
tvoria masivne porfyrické ryodacity. Ostatné zistené tele-
sa su koncentricky aj radialne zoskupené okolo s., sv., v.
a jz. okrajov privodnych telies. VSetky intruzivne telesa
ryodacitu a vulkanického skla oboch zakladnych skupin
su hydrotermalne alterované. Ortutova mineralizacia je
najcastej$ie vyvinuta v ryodacitoch postihnutych argiliti-
zéaciou a ma zilnikovo-impregnacny charakter. Telesa ryo-
dacitov sa vyskytuji hlavne v ilovcovom a iba sporadicky
v zlepencovom prostredi. Zlepencovy vyvoj je vyvinuty
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v nadlozi typického flySu s prevahou pieskovcov a v pod-
lozi typického flySu s prevahou ilovcov az prachovcov.
Cely komplex typického flysu bol priradeny k flySu zube-
reckého stvrstvia (Banacky et al., 1987) s polohou mer-
nickych zlepencov (Gross et al., 1984).

V priestore mernickeho rudného pola sa rozlisuji
tri rudné Struktary (Baco et al., 1988). Rudné telesa su
priestorovo viazané na ryodacitové telesa, ktorych hrab-
ka je v priemere 15 az 25 m, a hrubka bilan¢ného zrud-
nenia v ramci rudnych telies je 0,90 — 7,32 m. Hlavnym
nositelom zrudnenia je rumelka. Tvori jemné az submik-
roskopické zrnka v intergranularach ryodacitov alebo
v tmele zlepencov a pieskovcov (Duda a Kali¢iakova,
1987). V tychto pripadoch ju sprevadzaji markazit, ilové
a organické mineraly a zemity vosk. Rumelka v zilkach
ma hrubsi krystalicky vyvoj, kde ju sprevadzaju dolomit,
kalcit, chalcedon, pyrit, markazit a organické a d’alSie mi-
neraly. Na lozisku bolo uréenych vySe 40 mineralov. Lo-
zisko je zaradené medzi vulkanogénno-vulkanické loziska
(Daniel et al., 2003). Celkovo sa na lozisku rozlisuju 3 eta-
py vyvoja mineralizacie (etapa hydrotermalnych premien
hornin, polymetalicka a supergénna ortut'ova).

Tazobné aktivity v mernickom rudnom poli boli lo-
kalizované vo viacerych $tolnach a produkty tazobnych
aktivit vo forme odvalov a banskych hald sa vyskytuju
v bezprostrednej blizkosti tychto §télni (obr. 3). Pocas
prieskumnych prac v roku 2003 (Daniel et al., 2003)
a na zaklade registra opustenych a uzavretych tlozisk ta-
zobného odpadu boli na lokalite Mernik — ortutové bane
identifikované nasledujuce s§tdlne, odvaly a haldy: $tolna
Maria a odval pri §tolni (priem. vyska odvalu 35 m, plocha
32 000 m?), Sachta Pelliot a odval pri $achte (priem. vyska
odvalu 10 m, plocha 8 000 m?), §t6liia Zmahanie, $t6lia
Julia (asi 2 500 m chodieb) a odval pri §tdlni (priem. vys-
ka odvalu 5 m, plocha 2 000 m?), Odvodiiovacia $§tlia
a odval, st6lia Anna a odval pri §t6lni (priem. vyska odva-
lu 35 m, plocha 30 000 m?) a odval Mernik 3 (priem. vyska
odvalu 1 m, plocha 1 000 m?).

Hydrogeologické pomery S$tudovaného tUzemia st
pomerne komplikované najmid vo vztahu k rozfaraniu
opusteného loziska. Smer prudenia podzemnej vody za-
visi od tektonického poruSenia horninového prostredia.
Nepatrna priepustnost’ nadloznych ilovcovych hornin sa
prejavuje Castym zamokrenim povrchu a pritomnostou
vody v mnozstve zosuvov a vyskytom vécsicho po¢tu ma-
lych sutinovych pramenov. Pramene v skiimanom tizemi
zavisia od zrdzok. V suchsich obdobiach sa zmensuje ich
vydatnost’ a v mnohych pripadoch tplne vysychaji. Vyto-
ky z banskych diel nie st zavislé od zrazkovych pomerov
a ich vydatnost je relativne stabilna (okrem jarnych me-
siacov, ked’ je voda dotovana topiacim sa snehom). Voda
vo forme zrazok infiltruje do banskych diel bud’ priamo
cez trhliny a pukliny, alebo po prekonani uréitej drahy
v podzemi ako podzemnd voda. Vytoky banskej vody
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Obr. 1. Sucasny stav hald a vytokov banskej
vody na lokalite Mernik — ortut'ové bane.
Fig. 1. Current situation of mine heaps and
mine water outflows from adits in the locality
Mernik — Hg mines.
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Obr. 2. Schematicka geologicka mapa lokality Mernik s lokalizaciou prieskumnych diel a odberovych miest.
Fig. 2. Schematic geological map of the Mernik locality with location of exploration and sampling points.
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st zaznamenané zo $tdlne Anna (0,46 1 . s), §télne Julia
a z odvodnovacej Sachty (2,0 1. s™). Tieto vytoky dotujt
potok Potkania debra, ktory preteka Studovanym tzemim
zo zapadu na vychod. Okrem tychto pritokov je zretelné
aj presakovanie do potoka Potkania debra v okoli tychto
banskych diel. Potok Potkania debra tvori pravostranny
pritok potoka Ci¢ava, ktory tvori erozivnu bazu $tudova-
ného tzemia (Auxt et al., 2015).

Hydrogeochemické pomery na opustenom lozisku
Mernik su vysledkom viacerych geologickych procesov
pri tvorbe chemického zlozenia podzemnej vody. Pod-
zemna voda na lozisku Mernik ma aerogénny povod,
pri¢om vstupujuca voda sa po infiltrovani do horninového
prostredia vyznacuje zvySenou mineralizaciou. Celkova
mineralizacia podzemnej vody sa pohybuje priemerne
okolo 650 mg . I'" a v pripade banskej vody je vyssia,
maximalne 1 450 mg . 1! (podzemna voda je obohatena
o sirany a tazké kovy). Na formovani mineralizacie sa
velkou mierou podiela pritomnost’ aniénu SO,*, ktory
pochadza zo zvetravania sulfidov vytvarajucich zrudnenie
loziska. Najviac st v podzemnej vode zastupené kationy
Mg** a Ca*, z aniénov SO, a HCO,, ktoré davaju vode
prevazne zakladny nevyrazny vapenato-hore¢nato-sulfi-
dicko-hydrogenkarbonatovy charakter, banskd voda ma
zéakladny nevyrazny hore¢nato-sulfidicko-hydrogenkarbo-
natovy charakter. Agresivitu vody sposobuje pritomnost’
SO,* (Daniel et al., 2003).

METODIKA PRACE

Kvoli odberu vzoriek pevnych substratov pody a zemin
z pasma prevzdusnenia a pasma nasytenia sa realizovali
vrtné prace. Pozostavali zo strojovych prieskumnych ne-
vystrojenych vrtov (MP-1, MP-2, MP-3) v celkovej dizke
35 m a hydrogeologickych monitorovacich vrtov (HGM-1
a7z HGM-6) v celkovej dizke 50 m (obr. 2). Okrem toho
sa uskutocnilo 21 ruénych nevystrojenych vzorkovacich
sond, ktoré slazili na overenie zonalneho rozsahu kon-
taminacie v banskych odvaloch (S-1 az S-9) a dnovych
sedimentoch (S-10 az S-21). Sondy sa robili ru¢nou vzor-
kovacou stupravou Eijkelkamp za pouzitia zemného vrtaka
s priemerom 70 mm. Hibka odberu zo sond bola do 4 m
pod terénom v haldach a odvaloch, v miestach sedimenta-
cie precipitatov z vytoku banskej vody to bolo okolo 2 m
pod terénom a celkova hibka vykopov dosiahla 60 m.

Pocas prieskumnych prac sa odoberali vzorky vody
z vytokov §tolni (banska voda), v hydrogeologickych vr-
toch (podzemna voda) a z povrchovych tokov Potkania
debra a Ci¢ava (povrchova voda). Pogas odberu vzoriek
podzemnej a povrchovej vody sa kontinualne merali
hodnoty zakladnych parametrov vody (teplota, pH, ORP,
vodivost, rozpusteny O,) pomocou multiparametrického
zariadenia CONSORT C535. Pri odberoch vzoriek pod-
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zemnej vody z hydrogeologickych vrtov sa voda od¢erpa-
vala a az nasledne sa odobrala vzorka na d’alie analytické
spracovanie.

Laboratorne analyzy vzoriek vody a pevnych substra-
tov vzoriek pody, zemin a riecnych sedimentov v rozsahu
stanoveni podla projektu (Vrana et al., 2014) sa realizova-
li v akreditovanych laboratériach firmy EKOLAB, s. 1. o
(Kosice). Rozsah chemickych analyz vody zahfnal zaklad-
né ukazovatele kvality vody, obsah anorganickych latok
(As, Sb, Cu, Pb, Zn, Ag, Cd, Cr, Ni, V, Mo, Ba, Fe, Al, Mn,
Hg, NH*, SO,*, CI', CHSK,) a antropogénne znecistu-
Jjucich latok organickej povahy (NEL-IR, C, — C,, PAU,
BTEX) a stanovenie ekotoxicity a mikrobialneho osidle-
nia na vybranych vzorkach. V pripade pevnych substratov
pody, zemin a dnovych sedimentov (nativne vzorky) sa
zistovala skala parametrov: pH, TOC, As, Sb, Cu, Pb, Zn,
Ag, Hg, Cd, Cr, Ni, V, Mo, Ba, Fe, Al, Mn, CN__, CN
NEL,,, C,,~ C,, S.,» PAU a BTEX.

Vysledky prieskumnych prac boli spracované v zmys-
le smernice MZP SR & 1/2015-7 z 28. januara 2015 na
vypracovanie analyzy rizika znecisteného izemia stano-
vujucej nalezitosti prieskumnych prac a definujucej indi-
kacné (ID) a interven¢né (IT) hodnoty jednotlivych médii
zivotného prostredia, ktoré sa hodnotia pri prieskume en-
vironmentalnych zat'azi na Slovensku.

celk® tox?

ZISKANE VYSLEDKY

Problematika kontaminacie lokality Mernik a exakt-
ného hodnotenia environmentalnych rizik tejto environ-
mentalnej zataze (EZ) je komplikovana vzhladom na
geologicku stavbu priestoru opusten¢ho Hg loziska v Mer-
niku a pritomnost’ geologickych stvrstvi s geogénne pod-
mienenym vysokym obsahom niektorych kontaminantov.
Situaciu vyznamne ovplyviiuje deponovanie produktov
spracovania tazenych rud na odvaloch a haldach v priesto-
re tazby a spracovania rudy vratane viacerych vytokov
banskej vody zo $t6lni. Ako dominantné rizikové latky
boli identifikované prvky Hg, Sb a Ni, pricom v pripade
Ni ide o geogénne podmienent kontaminaciu SirSicho re-
gionalneho charakteru (Curlik et al., 2011, 2015; Durza et
al., 2012).

Technické prace (nevystrojené vrty MP-1 az MP-3
a HG vrty HGM-1 az HGM-6) potvrdili litologicky pro-
fil vrchnej cCasti priestoru opusteného Hg loziska Mernik,
charakterizovany kvartérnym pokryvom s rdéznym zloze-
nim (hliny, piesky, Glomky hornin a antropogénne sedi-
menty — materidl hald a odvalov). Tieto zlozky postupne
prechadzaju do polohy paleogénnych sedimentov, ktoré
reprezentuju mernicke zlepence zubereckého stvrstvia
vo vychodnej Casti Studovaného tzemia a typicky flys
(pieskovce, ilovce, siltovce) paleogénu v zapadnej Casti.
Mernicke zlepence (obr. 4) sa potvrdili aj vrtnymi pracami
vo vrtoch MP-1 a HGM-2 na vychodnom okraji tizemia
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(Auxt et al., 2015). Prave zvetravanie horninového mat-
rixu tychto zlepencov je zdrojom zvySeného obsahu niklu
v zeminach v pasme prevzdusnenia Studovanej oblasti.
Uvedena skutocnost’ potvrdzuje starSie prace opisujice
Ni-Co mineralizaciu obliakov ultrabazik mernickeho zle-
penca (Dud’a a Kali¢iakova, 1987), ktoré v poslednom
Case vo forme interpretacie geogénne podmienenej konta-
mindcie pdd paleogénu niklom a chromom na vychodnom
Slovensku rozpracovali Curlik et al. (2011, 2015) a Kole-
sar (2015).

Chemické zloZenie banskej a podzemnej vody

Ziskané vysledky laboratérnych analyz podzemnej
vody §t6lni (tab. 1) ahydrogeologickych vrtov (tab. 2) zjed-
notlivych odberov identifikuji hodnotent vodu ako stred-
ne mineralizovan, s neutralnou reakciou (pH 6,90 ~ 7,11),
s hodnotami konduktivity v rozsahu 118 ~ 128 mS . m™".
V podzemnej vode pochadzajucej z vytokov $tolni (ban-
ska voda) neboli identifikované rizikové kontaminanty
Hg, Sb ani As (vo vSetkych vzorkach boli hodnoty nizsie
ako detekény limit analytickej metody). Ojedinelé prekro-
¢enia hodnoét indika¢ného kritéria (ID) boli stanovené pri
parametri Ni vo vytoku zo $t6lni Zmahanie a Odvodio-
vacia (s maximalnym obsahom 141 pg . I"' vo vytoku zo
$tolne Zmahanie), ktoré vsak nedosahujii hodnoty limi-
tu intervenéného kritéria (IT) podla smernice MZP SR
¢. 1/2015-7. ZvySeny obsah Ni v podzemnej vode §tdlni
predstavuje prirodzentl, geologicky podmienent kon-
centraciu vo vode, ktorej genéza je ovplyvnena obehom
vody cez suvrstvia so zvySenym obsahom Ni (zuberecké
suvrstvie). V podzemnej vode $tolne Odvodiovacia bola
stanovena zvy$ena hodnota kadmia (= 26 ug . 1) prekra-
cujuca limitna Groven IT stanovenu pre Cd, tato hodnota
je vSak v celom subore chemickych analyz vsetkych odo-
branych vzoriek podzemnej vody ojedinela (vsetky ostat-
né stanovenia Cd boli nizsie ako detekény limit).

Charakter banskej vody vytekajucej zo $tolni repre-
zentuju hodnoty siranov, manganu a zeleza (celkové), pri-
padne Fe**. Smernica MZP SR ¢&. 1/2015-7 viak neuréuje
hodnoty IT a ID parametrov Fe_, , Mn a sirany (SO,*)
v podzemnej vode, pricom v banskych lokalitdich prave
parametre Fe a SO, predstavuji dolezit¢ ukazovatele
celkovej kontaminacie podzemnej vody. Voda vytekajuca
70 $t0lni na lokalite Mernik prekra¢ovala medznu hodnotu
(MH) obsahu siranov (250 mg . 1! — podl'a prilohy ¢&. 1
nariadenia vlady SR €. 496/2010 Z. z.) s priemernou hod-
notou okolo 604 mg . I'' aj MH parametrov Fe_;, a Mn.
V pripade Fe a Mn vo vode nejde o rizikové parametre
vo vztahu ku kontaminacii zivotného prostredia. Zvyse-
ny obsah Fe v tejto vode ma za nasledok precipitaciu Fe
okrov v prilahlych terénnych depresiach, kde sa tato voda
sustred’uje. Koncentracia Fe sa pohybuje v hodnotéach pre-
kracujucich MH asi 10-nasobne, s maximalnymi hodno-
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tami v zimnom obdobi (1/2015), s nameranym maximom
vo vytoku zo $tdlne Julia (= 20,2 mg . I'") pri zanedbatel’-
nom prietoku 0,014 1. s,

V pripade podzemnej vody Studovanej oblasti odobe-
ranej v hydrogeologickych vrtoch (HGM-1 az HGM-6)
platia podobné zistenia ako v pripade podzemnej vody
zo $tolni. Stanovené rizikové kontaminanty (Hg, Sb
a As) vo vacSine vzoriek vody vykazovali hodnoty niz-
Sie ako medza stanovitelnosti pouzitej analytickej me-
tody. Prekrocenie urovne ID sa zaznamenalo pri obsahu
Ni v podzemnej vode vo vrtoch HGM-1 = 101 pg . I},
HGM-4 = 169,7 ng . I, resp. HGM-5 = 121 pg . I\
Prekrocenie arovne IT,. sa zaznamenalo pri maximélnej
stanovenej hodnote 344 pg . I''Ni vo vzorke podzemnej
vody vo vrte HGM-2. Rizikovy kontaminant ortut sa
v podzemnej vode zistil len zriedkavo. Prevazna vicsina
vzoriek podzemnej vody z hydrogeologickych vrtov bola
z hl'adiska pritomnosti Hg negativna (pod detekénym limi-
tom). Pri stanovenom obsahu Hg boli hodnoty pod urov-
fiou ID,, =2 pg. It (HGM-1 = 0,66 pg . I'', HMG-4 =
0,31 ug . I'Y, HGM-6 = 0,22 pg . I'"). Typicky charakter
podzemnej vody viazanej na opustené banské priestory
odraZa zvySend stanovend koncentracia Mn, Fe_, a SO,>
(obr. 5).

Typicky charakter podzemnej vody viazanej na opus-
tené banské priestory a odrazajtcej litologické zlozenie
geologického prostredia reprezentuje aj v podzemnej
vode z hydrogeologickych vrtov obsah siranov a zZeleza
(celkového). Plati obdobna situacia ako pri podzemne;j
vode zo §téIni. Vo viacerych odberoch vody sa zazname-
nal zvyseny obsah Mn, Fe , a SO,*. V pripade Fe boli
zvysené hodnoty stanovené vo vsetkych vrtoch v opako-
vanych meraniach, s vynimkou vrtu HGM-3, pricom hod-
nota Fe = 18 mg . I"' bola stanovena vo vrte HGM-1,
ktory je situovany v aliviu potoka Ci¢ava. Aj v pripade
siranov boli stanovené viaceré hodnoty prekracujuce
MH uréent pre sirany (250 mg . 1" — podla prilohy €. 1
NV ¢. 496/2010 Z. Z.) s dvomi maximalnymi hodnotami
v odli$nych Castiach tizemia — vit HGM-1 (793,9 mg . ')
v altviu Cicavy, resp. vit HGM-5=832,3 mg . 1! situovany
v centralnej Casti opusten¢ho loziska Mernik. Vzhl'adom
na to, e smernica MZP SR 1/2015-7 neuréuje hodnoty IT
alD pre Fe_, asirany v podzemnej vode, uvedené zistenia
identifikuju pritomnost’ banskej vody, ktora z dlhodobého
hl'adiska méze predstavovat’ rizika pre zivotné prostredie
v danej lokalite.

Na zaklade ziskanych vysledkov z prieskumu mozno
konstatovat’, ze v Studovanom tzemi ide o typické zne-
Cistenie podzemnej vody v oblastiach po banskej a uprav-
nickej ¢innosti so zvySenymi hodnotami obsahu Fe, Mn
a siranov, ale s nizkym obsahom potencidlne toxickych
prvkov oproti inym banskym lokalitim na Slovensku
(Zeni§ové et al., 2009, 2015; Bajtos, 2016; Dadova et al.,
2016).

1
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Obr. 3. Lokalizacia odvalov v opustenom Hg lozisku Mernik.
Fig. 3. Location of dumps at abandoned Hg-deposit Mernik.

Obr. 4. Nativne vzorky mernickych zlepencov (vrt MP-1).
Fig. 4. Native samples of “Mernik” conglomerates (borehole MP-1).

Kvalita povrchovej vody

Kwvalita povrchovej vody bola vyhodnotena na zakla-
de chemickych analyz odobranych vzoriek vody z dvoch
roznych tokov — Potkania debra a Cigava. Potok Potkania
debra drénuje celtl dolinu Studovaného uzemia, kde su si-
tuované vsetky banské diela, a najma vytoky banskej vody
z jednotlivych §tolni. Povrchova voda je dotovana aj pre-
sakovanim z odvalov a hald v uzemi. Na potok Potkania
debra sa viazu odbery povrchovej vody z miest PD-1 az
PD-5. Druhy skamany potok je potok Cicava, do ktorého
usti potok Potkania debra (vzorka C-1 — nad pritokom po-
toka Potkania debra, vzorka C-2 — pod stiitokom).

Kvalita povrchovej vody bola vyhodnotena na za-
klade porovnania stanovenych hodnot jednotlivych pa-
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rametrov s medznymi hodnotami prilohy ¢. 1 nariadenia
vlady SR ¢. 269/2010 Z. z. (vSeobecné poziadavky na
kvalitu povrchovej vody). Problémom pri hodnoteni kva-
lity povrchovej vody je absencia medznej hodnoty (MH)
obsahu Sb. Z chemickych analyz opakovanych odberov
povrchovej vody (Auxt et al., 2015) vyplyva, ze v zmys-
le nariadenia vlady SR €. 269/2010 Z. z. povrchova voda
Studovaného izemia nevykazuje znaky kontaminacie vo
véacsine hodnotenych parametrov, s vynimkou ojedinelého
prekrocenia parametra TOC (vzorka C-1), siranov (vzorka
PD-3 =264,8 mg . I') a limitnych hodnét CHSK , (PD-1,
PD-5, C-1).

Nadlimitné hodnoty stanovené pre povrchovi vodu
boli zaznamenané pri parametroch Hg a Ni ako potenci-
alne rizikovych kontaminantoch tejto oblasti. V pripade
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Tab. 1
Hodnoty vybranych parametrov chemického zlozenia podzemnej vody z vytokov §tolni (odberové terminy).
Values of selected chemical parameters of groundwater from adit outflows (for sampling dates).

Kritérium 29.10. 2014
Ukazovatel’
ID IT Maria Zmahanie Odvodiiovacia Julia Anna
Arzén (4s) ug. 50 1,6 2,3 <DL 35 1,5
Ortut’ (Hg) ug. 2 <DL <DL <DL 0,23 <DL
Nikel (Ni) ug. I 100 <DL 53 127 91,5 68,7
Antimén (Sb) ug. 25 <DL <DL 1,342 <DL <DL
Zelezo celk. (Fe) mg. I 0,2 0,141 0,335 <DL 0,929 0,968
Mangan (Mn) mg. I 0,2 0,365 2,34 0,92 331 3,41
Hlinik (A1) mg. I 0,2 <DL 0,066 1 <DL <DL <DL
Chioridy (CI) mg . I 150 250 | 289 17,7 12,3 17,5 11,2
Sirany (SO,") mg. I 250 680,6 534,7 632,1 5454 601,8
Kritérium 5.11.2014
Ukazovatel’
ID IT Maria Zmahanie Odvodiiovacia Julia Anna
Arzén (4s) ug. ' 50 49 1,4 3,7 2,7 32
Bdrium (Ba) ug. ' 1000 nd nd 821 nd nd
Kadmium (Cd) ug. 5 nd nd 26 nd nd
Ortut (Hg) ug. 2 <DL <DL <DL <DL <DL
Nikel (Ni) ug. 100 <DL 46 98,6 75,4 53,5
Antimén (Sb) ug. I 25 0,004 2 <DL <DL <DL <DL
Zelezo celk. (Fe) mg. I 0,2 0,023 0,148 4,480 0,803 1,120
Mangan (Mn) mg. I 0,2 0,116 2,34 1,14 3,58 3,97
Hlinik (A1) mg. I 0,2 <DL <DL <DL 0,017 4 <DL
Chioridy (CI) mg . I 150 [ 250 | 30 15,9 13,1 17,7 11,6
Sirany (SO,) mg. I 250 684,8 519,8 673,9 532,1 671,1
Ukazovatel’ 28. 11. 2014
ID 1T Maria Zmahanie Odvodiiovacia Julia Anna
Arzén (4s) ug. 50 33 4,5 4,4 <DL 2,4
Ortut (Hg) ug. I 2 <DL <DL <DL <DL <DL
Nikel (Ni) ug. 100 27 141 93,2 95,3 42,4
Antimon (Sb) ug. 25 <DL <DL <DL <DL <DL
Zelezo celk. (Fe) mg. I 0,2 0,694 0,574 6,38 1,5 1,24
Mangan (Mn) mg. I 0,2 4,81 1,37 1,05 2,99 3,56
Hlinik (A1) mg. I 0,2 0,412 0,119 0,114 0,243 0,235
Sirany (S0) mg. I 250 nd nd 564,4 nd nd
Ukazovatel’ 13. 1. 2015
ID IT Maria Zmahanie Odvodiiovacia Julia Anna
Arzén (4s) ug. 50 3,9 1,8 1,5 1,1 1,0
Ortut (Hg) ug. 2 <DL <DL <DL <DL <DL
Nikel (Ni) ug. 100 27 39,4 102 84,7 63,4
Antimon (Sb) ug. I 25 <DL <DL <DL <DL <DL
Zelezo celk. (Fe) mg. I 0,2 5,82 0,118 6,59 20,2 16
Mangan (Mn) mg. I 0,2 3,69 1,3 0,887 2,73 3,07
Hlinik (A1) mg. I 0,2 <DL <DL <DL 0,016 <DL

Poznamka: < DL — hodnota nizsia ako detekény limit, nd — nestanovovana hodnota, IT — intervencné kritérium pre priemysel, parametre Fe,
Mn, Al a SO,* — kritérium MH z NV ¢. 496/2010 Z. z.

Note: < DL — value below the detection limit, nd — not determined value, IT — intervention criterion for industry, parameters Fe, Mn, Al
and SO, — criterion of MH from NV No. 496/2010 Coll.
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Tab. 2
Hodnoty vybranych parametrov chemického zloZzenia podzemnej vody z hydrogeologickych vrtov.
Values of selected chemical parameters of the groundwater from hydrogeological boreholes.

Kritérium 29.10.2014
Ukazovatel’
ID IT HGM-1 HGM-2 HGM-3 HGM-4 HGM-5 HGM-6

Arzén (4s) ug. I 50 2,2 3,2 2,1 2,0 2,4 <DL
Bdrium (Ba) ug. I 1000 909 420 549 705 794 nd
Ortut’ (Hg) ug . I 2 0,66 <DL <DL 0,31 <DL 0,22
Nikel (Ni) ug . 100 8,0 492 12,9 94,6 95,4 32,9
Antimon (Sb) ug. ! 25 <DL 1,784 1,166 1,089 <DL <DL
Zelezo celk. (Fe) mg. I 2,66 0,428 0,093 0,383 1,38 0,638
Mangan (Mn) mg. I 0,2 9,03 5 0,012 2,56 1,25 0,351
Hiinik (Al) mg. 1" 0,2 0,085 4 0,171 <DL 0,254 <DL nd
NH, mg. 1" 1,2 0,428 <DL <DL 0,056 <DL <DL
T0C mg. 1 2 12,3 14,1 10,1 15,1 8,4 nd
cr mg. I 150 30,9 11,3 11,3 11,2 20 8,1
Nobs mg. I 250 793,9 135 220,8 472,5 832,3 469,7
NEL GC (C,,-C,) mg . I 0,25 0,41 0,14 0,24 0,2 0,29 0,18
NO, mg. I 04 nd 0,026 <DL nd 0,037 nd
NO; mg. I 50 nd 2,8 6,0 nd 4,6 nd
F mg. I - nd 0,137 0,139 nd 0,263 nd
PO mg. I - nd <DL 0,22 nd 0,03 nd
pH bezr. - nd 7 7,3 nd 7,2 nd
Vodivost mS . m! 200 nd 90,7 92,1 nd 986,1 nd
CHSK,,, mg. I 5 nd 33 1,3 nd 1,6 nd
KNK,, mmol . I - nd 8,1 6.8 nd 8.4 nd
ZNK, mmol . I - nd 1,31 037 nd 1,42 nd
Tvrdost mmol . I - nd 5,34 5,63 nd 11,24 nd
Ca’* mg. I - nd 136 122 nd 264 nd
Mgt mg. I - nd 473 62,8 nd 113 nd
Na* mg. ! - nd 13,8 6,81 nd 15,3 nd
K* mg. I - nd 33 2,5 nd 4,3 nd
Sio, mg. I - nd 71,28 78,12 nd 52,23 nd
Fet mg. I - nd 0,016 <DL nd 0,537 nd
HCO; mg. I - nd 494,1 414,8 nd 512,4 nd

Poznamka: < DL — hodnota niz§ia ako detekény limit, nd — nestanovovana hodnota, IT — intervenéné kritérium pre priemysel, parametre Fe,
Mn, A, NO,"a SO,* — kritérium MH z NV €. 496/2010 Z. z.
Note: < DL — value below the detection limit, nd —not determined value, IT — intervention criterion for industry, parameters Fe, Mn, Al, NO,

and SO, — criterion of MH from NV No. 496/2010 Coll.
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Ni ide o prekro¢enie limitnej hodnoty (20 pg . I'Y) vo
vzorkach povrchovej vody z potoka Potkania debra (PD-
-3 aPD-5, Ni_ = 107 pg . I'' vo vzorke PD-3). V pri-
pade Hg sa stanovené hodnoty vo vzorkach povrchovej
vody porovnavali s limitnou hodnotou nariadenia vlady
¢. 269/2010 Z. z. (NPK, = 0,07 pg . 1Y), ku ktorej bola
pripo¢itana hodnota pozad’ovej koncentracie v prislicha-
jucom vodnom utvare povrchovej vody (SK B0094 Ci-
¢ava = hodnota 0,5 pg . I'"). Vysledna hrani¢na hodnota
Hg v povrchovej vode = 0,57 pg . I'!. Prekrocenie takto
stanovenej limitnej hodnoty Hg v povrchovej vode sa za-
znamenalo len v priestore opusteného loziska pri odbere
vody z potoka Potkania debra v odberovom mieste PD-1

(Hg,, =07 ug.1").
Kontaminacia rie¢nych a dnovych sedimentov

Obsah sledovanych prvkov vo vzorkach rie¢nych/dno-
vych sedimentov (18 vzoriek) odobranych pocas priesku-
mu EZ Mernik bol zvyseny iba v pripade Hg a Ni. Pri
ostatnych stanovovanych parametroch neboli prekrocené
hodnoty ID ani IT v zeminach podl'a smernice MZP SR &.
1/2015-7 (Auxt et al., 2015). Pri obsahu Hg bola prekro-
¢end hodnota IT pre priemyselné zoény pri jednej vzorke
(DSP-4 = 25,41 mg . kg™' su8.) a hodnota IT pre obytné
zOny pri dvoch vzorkach (DSP-1 = 12,6 mg . kg!' sus.,
DSZ-2 = 6,29 mg . kg! su$.). Ked’ze Studované izemie
zarad’'ujeme medzi priemyselné oblasti, mézeme konstato-
vat’, ze hodnoty IT prekrocila len jedna vzorka. Vo vzt'a-
hu ku geogénnej kontaminacii reprezentuju riecne/dnové
sedimenty tohto Uzemia typické substraty so zvySenym
obsahom sledovanych prvkov oproti ich priemernému
obsahu v riecnych sedimentoch v ramci SR, ktoré odra-
zaju litologicky charakter zdrojovych hornin (Bodis et al.,
1999).

Kontaminacia pod a zemin

Vysledky chemickych analyz pevnych substratov pody
a zemin z vrtov a kopanych sond (tab. 3 a 4) potvrdzuju
zistenia z prieskumov realizovanych v minulosti (Hancu-
lak et al., 2006; Daniel et al., 2003), ktoré opisuju pritom-
nost’ anorganickych kontaminantov v pddach a zeminach
v doline potoka Potkania debra. Zistenia v realizovanom
prieskume odrazaji charakter kontaminacie viazanej na
pritomnost’ tazobného odpadu v altviu potoka Potkania
debra, ako aj prilahlom alaviu potoka Cigava, ale do-
minantne predstavuju nasledky prirodzenych procesov
zvetravania primarnej mineralizacie viazanej na ortutové
rudy v pripade kontaminantov Hg a Sb. V pripade Hg boli
prekrocené hodnoty interven¢ného limitu pre priemysel-
né oblasti (IT =20 mg . kg") len v dvoch pripadoch —
vo vrtoch HGM-5 a HGM-6, ktoré su situované v blizkosti
najdolezitejSich Casti priestoru tazobného a Gpravnickeho
podniku (odval pred $toliiou Maria a v priestore odvalu
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§tolne Anna; obr. 6). Na znecisteni pevnych substratov
pody a zemin ortutou v pasme prevzduinenia (hibkovy
horizont 0 ~ 2 m) sa podiel'aju aj tlety z praziarne rud
v priestore byvalého banského zavodu. Tento zdroj kon-
tamindcie je zlozité dolozit’ exaktne, v kazdom pripade
vplyv praziarne Hg rud je zrejmy aj v SirSom okoli Mer-
nika. Potvrdzuju to plosné mapy z Geochemického atlasu
SR, &ast’ Pédy (Curlik a Sefeik, 1999), ako aj regionalna
stadia Hanculaka et al. (20006).

V pripade zvysenej koncentracie Sb v zeminach v pas-
me prevzdusnenia (obr. 7) ide o zvetravanie sekundarne;j
mineralizacie viazanej na samotné lozisko Hg, ktoré¢ bolo
predmetom dobyvania a spracovania Hg rudy, ako aj pro-
cesy obohatenia zemin zo zvetrdvania pevného skalného
skeletu viazané¢ho na bezprostredné geologické podlozie
zemin a pdd vyvinutych na sedimentoch paleogénu. Pri
prekroceni indikacného limitu Sb boli analyzované vzorky
ststredené do haldoviny odvalov pred §tolnami Julia, Ma-
ria a Odvodnovacia, ako aj na odval Pelliot, ktory sa vy-
skytuje nad erozivnou ryhou celého dobyvacieho priestoru
(S-8, hibka odberu 3 — 4 m).

Specificka situacia je v pripade prekrodenia limitnych
hodnoét ID a IT niklu v pddach a zeminach lokality EZ
Mernik. Z hl'adiska interpretacie ide jednoznaéne o geo-
génny povod zvyseného obsahu Ni v pddach, ktory je dany
zvetravanim pevnych substratov zubereckého stvrstvia
s pritomnostou ultrabazickych hornin. Zvetravanim tych-
to sedimentov vznikaju tzv. serpentinické pody (Curlik et
al., 2011, 2015; Durza et al., 2012), pre ktoré je typicky
vysoky obsah Ni a Cr v Sirokej oblasti flySového pasma
s vyskytom zubereckého suvrstvia a tzv. Sambronskej zony.
Limitna hodnota IT bola prekro¢end (IT,, = 500 mg . kg")
vo vrtoch HGM-5 a HGM-6, ktoré su situované v bliz-
kosti najdolezitejSich Casti priestoru tazobného a tprav-
nickeho podniku — odval pred stélnou Maria a v priestore
odvalu §tdlne Anna (vzorka S-12 s extrémnym obsahom
Ni=1471 mg.kg")avo vrte HGM-3.

Zaver

Geologicky prieskum EZ Mernik definoval povahu
znecCistujucich latok v tizemi, kde ako rizikové prvky boli
stanovené ortut’, antimon, nikel (geogénny povod) a latky
typické pre banské lokality, Fe, Mn a sirany. Pri identifika-
cii zdrojov znecistenia na lokalite Mernik je situacia kom-
plikovana vzhladom na charakter Studovaného tzemia
a kombindciu procesov a ¢innosti veducich k vzniku tejto
EZ. Kontamindcia pody (zemin v pasme prevzdusnenia)
a zemin v pasme nasytenia je vysledkom kombinéacie pro-
cesov prirodzeného zvetravania hornin s vys$$im podielom
mineralnych faz obsahujucich rizikové prvky (Hg a Sb)
viazané na Hg mineralizaciu a zvetravania hornin zube-
reckého suvrstvia s podielom ultrabazickych hornin (zdroj
Ni) v kombinacii s nasledkami banskej a ipravnickej ¢in-
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Obr. 5. Distribucia nadlimitného obsahu kontaminantov v podzemnej vode lokality Mernik.
Fig. 5. Distribution of exceeding values of contaminants in the groundwater in Mernik locality.
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Obr. 6. Distribtcia Hg v podach a zeminach v pasme prevzdus$nenia na lokalite Mernik.
Fig. 6. Distribution of Hg in soils (unsaturated zone) in the Mernik locality.
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Obr. 7. Distribucia Sb v pddach a zeminach v pasme prevzdusnenia na lokalite Mernik.
Fig. 7. Distribution of Sb in soils (unsaturated zone) in the Mernik locality.
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Tab. 3

Obsah vybranych chemickych prvkov (mg . kg™) vo vzorkach zemin z kopanych sond a vrtov v pasme prevzdusnenia.
Contents of selected elements (mg . kg™') in samples of soils from dug holes and boreholes (unsaturated zone).

Oznacenie vzorky Ortut’ (Hg) Nikel (Ni) Antimoén (Sb)
D Charakte.ristika 2,5 180 25
materialu
S-1(0,0 - 1,0 m) H <DL 486,05 <DL
S-2 (0,0 -4,0 m) H <DL 97,87 <DL
S-3 (0,0 — 1,0 m) H 0,71 54,77 <DL
S-4 (0,0 — 4,0 m) H <DL 62,55 <DL
S-5 (0,0 —4,0 m) H <DL 58,18 <DL
S-7 (0,0 — 1,0 m) H <DL 344,72 _
S-8(3,0-4,0m) H 0,42 18,40 78,67
S-9 (1,0 - 4,0 m) H 1,37 200,72 <DL
S-10 (0,0 — 2,0 m) D <DL 65,08 <DL
S-11 (1,0 - 2,0 m) A g <DL 57,16 63,54
S-12 (1,2 —-2,0 m) A gtnay 0,42
S-13 (1,5-2,0 m) A gotnay <DL
S-14 (1,0 - 2,0 m) A goinay <DL
S-15(1,0-1,5m) A i <DL 294,20 <DL
S-16 (1,6 — 2,0 m) A <DL 211,31 59,09
S-17 (1,0 - 2,0 m) o <DL 171,16 <DL
S-18 (1,0 - 2,0 m) st <DL 143,43 <DL
S-19 (0,5 1,0 m) <DL 61,62 <DL
S-20 (0,8 — 1,7 m) A <DL 385,48 47,45
S-21 (0,0 —2,0 m) A 3,78 232,65 <DL
HGM-1 (0,8 - 0,9 m) A 6,22 60,86 <DL
HGM-2 (0,6 — 0,7 m) A <DL 47,94 <DL
HGM-3 (0,9 - 1,0 m) A <DL
HGM-4 (0,8 - 0,9 m) A <DL
HGM-5 (0,5 - 0,6 m) A <DL
HGM-6 (1,2 - 1,3 m) A <DL
MP-1 (1,5—-1,7 m) H ND ND <DL
MP-2 (0,8 — 1,2 m) H <DL 229,18 <DL
MP-3 (1,8 — 2,0 m) H 12,52 91,35 <DL
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Poznamka: < DL — hodnota nizsia ako detek¢ny limit, H — haldovy material, A — aluvidlne sedimenty, A
stolnami, D — deluvialne sedimenty.

Note: < DL — value below the detection limit, H — dump material, A — alluvial sediments, A
deluvial sediments.

($t6lita)

— aluvialne sedimenty pred

— alluvial sediments in front of adits, D —
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Tab. 4
Obsah vybranych chemickych prvkov (mg . kg™) vo vzorkach zemin z vrtov a kopanych sond v pasme nasytenia.
Contents of selected elements (mg . kg™') in samples of soils from boreholes and dug holes (saturated zone).

Oznacenie vzorky Ortut’ (Hg) Nikel (Ni) Kadmium (Cd)
D Chx::‘::glsfka 2,5 180 10
IT (priemysel) 20 500 30
S-1(1,0 -4,0 m) H 3,16 515,69 <DL
S-2 (0,0 — 4,0 m) H <DL 97,87 nd
S-3 (1,0 -4,0 m) H <DL 87,12 <DL
S-4 (0,0 — 4,0 m) H <DL 62,55 nd
S-5(0,0 —4,0 m) H <DL 58,18 nd
S-6 (3,0 —4,0 m) H <DL 195,07 nd
S-7(2,7-3,6 m) H 2,28 225,47 1,14
S-8 (3,0 —4,0 m) H 0,42 18,40 nd
S-9 (1,0 — 4,0 m) H 1,37 200,72 nd
HGM-1 (2,3 -2,5m) A <DL 54,15 7,00
HGM-2 (2,7 -2,8 m) A <DL 119,46 5,44
HGM-3 (5,8 - 5,9 m) A 1,09 337,47 nd
HGM-4 (4,1 —4,2 m) A <DL 150,26 4,02
HGM-5 (2,6 — 2,8 m) A <DL 185,53 8,77
HGM-6 (3,5 -3,6 m) A 8,00 132,87 9,52
MP-1 (5,4 -5,5m) H <DL 102,63 nd
MP-3 (8,3 - 9,0 m) Z 0,58 801,00 13,50

Poznamka: < DL — hodnota niz8ia ako detekény limit, nd — nestanovovana hodnota, H — haldovy material, A — aluvidlne sedimenty, Z —
zlepence.
Note: < DL — value below the detection limit, nd — not determined value, H — dump material, A — alluvial sediments, Z — conglomerates.

nosti, ktora vyprodukovala mnozstvo tazobného odpadu Pod’akovanie
s roznym sposobom nakladania (odvaly, haldy, vytoky zo
$tolni).

Primarny zdroj znecistenia v celom Gizemi predstavuji
banské haldy a odvaly a ich rozplavovanie a zvetravanie,
ktoré spdsobujii znecCistenie pody/zemin a povrchovej
vody. Vytekajica banska voda zo §t6lni predstavuje se-
kundarny zdroj znecistenia povrchovej vody v zapadnej
Casti Uzemia, ale vzhl'adom na nizku vydatnost’ vSetkych
monitorovanych §télni nepredstavuje vyznamné environ-
mentalne riziko. Vysledky geochemického hodnotenia
kontaminacie uzemia nepoukazuju na rozsiahlejsiu plosna

Praca vznikla v ramci geologickej tlohy Prieskum
prioritnych environmentalnych zatazi na vybranych loka-
litach Kosického a Presovského kraja: Popro¢ — Petrova
dolina, Smolnik — tazba pyritovych rud, Mernik — ortuto-
vé bane, cast' 16, ktorej objednavatelom bolo MZP SR,
a s podporou grantovej tlohy VEGA €. 1/0321/14.
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Geochemical evaluation of environmental risks in locality of abandoned
Hg-deposit Mernik (Eastern Slovakia)

The environmental burden in locality “Mernik —
Hg mines” is a consequence of the long term mining
and processing of mercury ores. Geological survey in
this locality has defined the nature of pollutants, which
include inorganic substances — the risk elements as
mercury, antimony, nickel and typical materials for
mine sites where the values of Fe, Mn, and sulphates,
exceeding limits were determined. High level of nickel
in environmental substrates is typically a consequence
of geogenic contamination with wider regional character
(Curlik et al., 2011, 2015; Durza et al., 2012). In the
past, a huge amount of mercury has been released to the
environment from the former Hg ore processing plant as
the emissions into the air. In the studied area heaps and
impoundments washed by water and weathering processes
represent the primary pollution source causing soil and
surface water contamination. Leaking water from the
mine adits represents a secondary source of pollution of
surface waters in the western segment of the area, but due
to the low water outflow from all monitored adits, mine
water does not pose a significant risk. The results of the
geochemical assessment of contaminated sites do not point
to extensive contamination in the area of environmental
burden Mernik and represent only isolated exceeding of IT
limits stated by the Ministry of Environment of the Slovak
Republic Directive No. 1/2015-7 of 28 January 2015 for
soils and waters.

Soil contamination is the result of combination of na-
tural weathering of rocks with a high value of the mineral
phases containing hazardous components (Hg and Sb)
linked to the Hg-mineralization and weathering of rocks
with a presence of ultramafic rocks (source of Ni) in com-
bination with the effects of mining and mineral processing
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operations (mining wastes and outflows of mine waters).
Weathering of rocks and sediments in a wide area of flysch
zone with the occurrence of ultramafic pebbles in conglo-
merates of the Zuberec Formation and Sambron‘s zone
developed “serpentine”-like soils, which are characterized
by a high level of Ni and Cr (Curlik et al., 2011, 2015).
Maximum concentrations of Ni in the soils in studied lo-
cality were determined in the area of Maria and Anna adits
(sample S-12 with extreme level of Ni=1471 mg . kg™").

In majority of water samples the values of hazardous
contaminants (Hg, Sb, As) were below the detection li-
mit of analytical methods. Increased content of Ni in
the groundwater is produced by the water circulation
through the rocks with elevated amounts of Ni (Zuberec
Formation). Exceeding ID levels were recorded for Ni in
the groundwater of the boreholes HGM-1 = 101 pg . 17,
HGM-4 = 169.7 pg . I, resp. HGM-5 = 121 pg . I,
exceeding the IT; level reached the maximum value of
344 pg . I''Ni in the groundwater sample from the bore-
hole HGM-2.

According to Annex No.l of Government Regulation
No. 496/2010, in the case of water outflow from the mine
adits at the Mernik site, the parameters of Fe_ , Mn and
sulphates have exceeded the limits. The average content
of sulphates was ~ 604 mg . 1!, concentrations of Fe 10
times exceeded the limit value with the maximum, found
in the outflow from the Julia adit (Fe =20.2 mg . I'') with
negligible flow of 0.014 1. s
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Hodnotenie vyuzitenosti vyhradnych lozZisk nerastnych
surovin aplikaciou analyzy SWOT
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Evaluation of reserved mineral deposits usability applying a SWOT analysis

Abstract: Article discusses an application of SWOT analysis for determinaton of mineral deposit feasibility for
exploitation. SWOT internal and external parameters were customized to meet special conditions and specificity
connected with assessment of mineral deposit projects. Analysis takes into account geological, technical, econo-
mic, environmental and legislative aspects of the project, which are unique for particular evaluated mineral depo-
sit. System is adjusted for Slovak legal conditions, having regard to the reserves categorization, mineral wealth

protection and conflicts of interests.

Key words: SWOT analysis, mineral deposit, raw materials
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Analyza SWOT je jednym z nastrojov strategického
manazmentu, ktoré¢ho cielom je identifikovat’ silné a slabé
stranky, ako aj prileZitosti a ohrozenia konkrétneho pro-
jektu. Vyuziva sa hlavne v ekonomickej sfére na rychle
spracovanie prehladu strategickej situacie hodnotené¢ho
podniku (Sakal et al., 2007). Vypracovanim metodiky sa
v rokoch 1960 az 1970 zaoberal Stanford Research Insti-
tute pri analyze planovacich procesov firiem (Rothwell,
2010). K rozvoju analyzy postupne prispieval cely rad
d’alich autorov a institicii. V rdmci rieSenia geologickej
ulohy Surovinovy potencial Slovenskej republiky — analy-
za vybranych nerastnych surovin (Balaz et al., 2015) bola
navrhnuta uprava systému analyzy SWOT na podmienky
a formu vyhovujicu hodnoteniu lozisk nerastnych surovin.
Uvedena upravena metodika je zakladom tohto prispev-
ku, ktory ma za ciel’ jej podrobnejsie vysvetlenie, Gpravu

Results indicate use of SO
strategy (prevailing strength
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* SWOT analysis represents simple and fast
way for rating of mineral deposit objects in
a particular time period; as open system it can be
adapted to the needs of the evaluator.

* Internal factors of SWOT analysis (strengths and
weaknesses) characterize internal (geological)
aspects of mineral deposit, they are based on
results of exploration and reserves estimation

Highlights

» External factors (opportunities and threats)
characterize the exterior (non-geological) aspects
that have a direct impact on the exploitation
possibilities

a doplnenie. Analyza je uréena na hodnotenie vyhradnych
lozisk v legislativnych podmienkach Slovenskej republiky
(kategorizacia zasob, institaty ochrany nerastného bohat-
stva, hodnotenie konfliktov zaujmov).

PRINCIP ANALYZY SWOT

Analyza SWOT predstavuje identifikaciu silnych stra-
nok (S — strengths), slabych stranok (W — weaknesses),
prilezitosti (O — opportunities) a ohrozeni (T — threats).
Silné a slabé stranky predstavujii vnutorné faktory (vnu-
tornu analyzu), prilezitosti a ohrozenia predstavuju exter-
né faktory (externt analyzu). Zakladnym prvkom analyzy
SWOT je identifikacia tychto faktorov a nasledné zhod-
notenie (tab. 1). Vyber externych a internych faktorov bol
prispdsobeny hodnoteniu lozisk nerastnych surovin. Su-
Castou analyzy je bodovaci systém jednotlivych faktorov
matice SWOT s vyslednym hodnotenim.



Tab. 1
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Schéma (matica) analyzy SWOT.
Diagram (matrix) of the SWOT analysis.

Interné faktory

S
silné stranky

w
slabé stranky

Externé faktory

(0]
prilezitosti

T
ohrozenia

Identifikacia faktorov na hodnotenie vyhradného
loZiska nerastnej suroviny

Faktory (parametre) boli vybrané tak, aby v maxi-
malnej miere obsiahli skutoc¢nosti ovplyviujice realne
vyuzitie loziska nerastnej suroviny. Zaroven su uvedené
potencialne zdroje, z ktorych je mozné Cerpat’ relevantné
informacie o danom parametri hodnotenia.

Tab. 2
Velkost’ loziska podl'a druhu suroviny (na zaklade mnozstva geologickych zasob).
Deposit size according to the type of mineral (based on geological reserves).

Rudy (obsah kovu) M. j. Loziskovy vyskyt | Malé loZisko Stredné lozisko Velké loZisko
Au t <1 1-10 10-100 >100

Ag t <50 50 - 500 500 -5 000 > 5000
Cu, Pb, Zn kt <10 10-100 100 -1 000 >1 000
Sb, Sn, W, Mo, Hg kt <1 1-10 10— 100 > 100

Ni kt <5 5-50 50— 500 > 500

Fe, Mn kt <1000 1 000 — 10 000 10 000 — 100 000 > 100 000
Vzéacne zeminy t <1000 1 000 — 20 000 20 000 — 100 000 > 100 000
Nerudy M. j. Loziskovy vyskyt | Malé loZisko Stredné loZisko Velké lozZisko
fly kt <100 100 — 1 000 1 000 -5 000 > 5000
Azbest mil. t <6 6-20 20-50 > 50
Kaolin kt <500 500 — 3 000 3000 -5 000 > 5000
Bentonit kt <500 500 — 5 000 5000 —20 000 >20 000
Kremenec kt <200 200 —1 000 1 000 -5 000 > 5000
Kremenné piesky kt <500 500 -5 000 5000 — 50 000 > 50 000
Kremeri kt <10 10-100 100 -1 000 > 1000
Vapence a dolomity mil. t <10 10-30 30-100 > 100
Sialitické suroviny mil. t <10 10 -100 100 — 500 > 500
Sadrovec mil. t <15 15-50 50-100 > 100
Perlit kt <300 300 -3 000 3000 — 10 000 >10 000
STuda mil. t <1 1-5 5-10 >10
Tavny cadi¢ mil. t <1 1-5 5-10 >10
Dekoraény kameii m? <100 000 100 000 — 500 000 | 500 000 —5 000 000 | >S5 000 000
Diatomit kt <200 200 —2 000 2 000 -5 000 > 5000
Grafit kt <200 200 — 500 500 -1 000 >1000
Barit kt <250 250 -2 000 2 000 -5 000 > 5000
Kamenna sol’ mil. t <5 5-50 50-100 > 100
Zeolit mil. t <1 1-10 10— 100 > 100
Mastenec kt <200 200 —2 000 2 000 — 10 000 >10 000
Magnezit mil. t <2 2-10 10-100 >100
Pyrit mil. t <1 1-10 10-20 >20
Spekularit kt <100 100 — 500 500 -1 000 >1000
Zivee kt <500 500 -3 000 3000 - 10000 > 10 000
tsgﬁlvii’s‘}iiiﬁi‘?ﬁiﬁk"pi“ky’ mil. m* | <1 1-5 5-10 >10
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Interné faktory (silné a slabé stranky)

Charakterizuji interné (geologické) aspekty loziska
na zaklade vysledkov geologického prieskumu a vypoctu
zasob. Patria k nim: mnozstvo zasob, kategdria preskiima-
nosti zasob, kvalita a technologické vlastnosti suroviny,
ulozenie a realizovatelny sposob otvarky loziska vzhla-
dom na geologicku stavbu, banskotechnické podmienky
loziska.

Mnozstvo zasob

Je to ekonomicky parameter ovplyviiujuci perspek-
tivnost’ projektu z hl'adiska navratnosti investicii. Banské
podnikanie predstavuje vo vécsine pripadov dlhodobé pro-
jekty spojené s vys$im investiénym rizikom. Dostatocné
mnozstvo vytazitelnych zasob je jednym zo zakladnych
predpokladov spesnej realizdcie projektu. Na hodnotenie
je mozné pouzit’ rozdelenie lozisk na vel'kostné kategorie
(tab. 2). Do hodnotenia vstupuju geologické zasoby vy-
pocéitané podla podmienok vyuzite'nosti zasob alebo va-
riantne, klasifikované podla platnej klasifikacie (vyhlaska
SGU ¢&. 6/1992 Zb.) a schvélené komisiou pre klasifikaciu
zésob lozisk nerastnych surovin (MZP SR). Kvoli vysej
presnosti hodnotenia je mozné pouzit’ odhad mnozstva vy-
tazitelnych zasob, pokial’ st dostupné parametre na ich
vypocet (znecCistenie, vyrubnost). Zdrojom informacii su
zaverecné spravy z loziskového geologického prieskumu
s vypoétom zasob, rozhodnutia o schvaleni zasob, resp.
bilancie zasob vyhradnych lozisk SR.

Kategoria preskumanosti zasob

Predstavuje presnost vypocétu zasob, ¢o podstatne
ovplyviuje mieru istoty ekonomického hodnotenia pro-
jektu. V podmienkach Slovenskej republiky klasifikaciu
zasob vyhradnych lozisk SR upravuje zakon €. 44/1988
Zb. a vyhlaska SGU &. 6/1992 Zb. Zasoby vyhradného
loziska podla stupna jeho preskimanosti alebo jeho casti
a podla stupnia znalosti jeho tloznych pomerov, kvality,
technologickych vlastnosti a banskotechnickych podmie-
nok sa klasifikuju na kategorie:

— Z-1 (overené zasoby),
Z-2 (pravdepodobné zasoby),
— Z-3 (predpokladané zasoby).

Pri vypocte zasob v kategoérii Z-1 sa chyba odhadu po-
hybuje v rozmedzi 5 — 10 %, pri Z-2 je to 10 — 40 %, pri
zasobach kategorie Z-3 v rozmedzi 40 — 60 %. Zdrojom
informacii su zaverecné spravy z loziskového geologické-
ho prieskumu s vypoétom zasob, rozhodnutia o schvaleni
zasob, resp. bilancie zasob vyhradnych lozisk SR.
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Kvalita a technologicke vlastnosti suroviny

Kvalita suroviny vyznamne ovplyviiuje ddlezity eko-
nomicky parameter v procese ocenovania loziska — uzit-
kovu hodnotu 1 t suroviny. Zaroven sa hodnoti vhodnost’
suroviny na dalSie technologické spracovanie. Spdsoby
upravy jednotlivych typov nerastnych surovin st v§eobec-
ne zname, v niektorych pripadoch vsak mézu byt uzitko-
vé prvky chemicky viazané v surovine takym spdsobom,
ktory si vyzaduje Specifické technologické postupy.
Z ekonomického hladiska to predstavuje zvysené inves-
ti¢né a prevadzkové naklady a projekt tak nemusi byt kon-
kurencieschopny. Zdrojom informacii su zavere¢né spravy
z loziskového geologického prieskumu s vypoctom zasob
a rozhodnutia o schvaleni zasob.

Ulozenie a sposob otvarky lozZiska

Geologicka pozicia loziska a parametre jeho ulozenia st
uréujucim faktorom sposobu jeho otvarky a spristupnenia
zasob, a teda urcujucim faktorom nakladovych poloziek.
Loziska tazitené povrchovym sposobom vyzaduju
nickol’kondsobne mensie investiéné a prevadzkové
naklady oproti hlbinne tazenym loziskam. Lozisko sa
mdze exploatovat’ aj kombinovanym sposobom. Parame-
ter ma v hodnoteni SWOT vyznam najma pri loziskovych
objektoch, ktoré sa nevyuzivaji, resp. neboli ekonomicky
hodnotené. Zdrojom informacii su zavere¢né spravy z lo-
ziskového geologického prieskumu s vypoctom zasob.

Banskotechnické podmienky

Geologické a banskotechnické podmienky urcuji
pristupnost’ a dobyvatel'nost’ zasob. V zavislosti od kon-
krétnej situacie (hydrogeologické pomery, inziniersko-
geologické pomery, tektonické pomery, hibka uloZenia
apod.) mézu byt banskotechnické podmienky jednoduché
az zlozité, a to tak pri hlbinnom, ako aj pri povrchovom
sposobe tazby. Zdrojom informacii su zavere¢né spravy
z loziskového geologického prieskumu s vypoctom zésob.

Externé faktory (prileZitosti a ohrozenia)

Charakterizuji vonkajsie (negeologické) aspekty,
ktoré maji priamy vplyv na moznosti vyuzitia loziska:
legislativny status (vratane konfliktov zaujmov), aktualny
stav spristupnenia zasob a infrastruktura na lozisku, odhad
ekonomickej efektivity, dopyt po surovine a posudenie
vplyvov na zivotné prostredie.

Legislativny status

Proces prebiehajtci od prieskumu loziska az po tazbu
je v ramci banskogeologickej legislativy Slovenskej re-
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publiky podmieneny splnenim celého radu administrativ-
nych podmienok, vypracovanim relevantnych odbornych
planov a stadii a vyrieSenim konfliktov zaujmov. Iden-
tifikacia konfliktov zdujmov si vyzaduje konfrontaciu
projektového zameru s celou skalou zaujmov chranenych
podl'a osobitnych predpisov (napr. vodny zdkon, zakon
o Statnej pamiatkovej starostlivosti, zdkon o obecnom
zriadeni, zakon o ochrane pol'nohospodarskeho pddneho
fondu, zakon o zdravotnej starostlivosti, zakon o ochrane
prirody a krajiny, zdkon o posudzovani vplyvov na zivot-
né prostredie, zdkon o drahach, zivnostensky zakon, za-
kon o telekomunikacidch a iné¢). Mimoriadne dolezita je
identifikacia vlastnickych a inych prav k pozemkom, resp.
vyriesenie pristupu na pozemky. Splnenie tychto podmie-
nok je nevyhnutné na povolenie banskej ¢innosti organom
Statnej banskej spravy. Samotnd existencia chranené¢ho
loziskového tizemia (CHLU), resp. dobyvacieho priestoru
(DP) nie je zarukou povolenia banskej ¢innosti, nepredsta-
vuje teda rozhodujuci prvok pri hodnoteni legislativneho
statusu. Zdrojom informacii su rozhodnutia obvodnych
banskych uradov o povoleni banskej ¢innosti a urceni DP,
resp. CHLU.

Aktualny stav spristupnenia zasob a infrastruktira

Parameter ma v hodnoteni SWOT vyznam najmi
pri loziskovych objektoch, ktoré sa nevyuzivajl, resp.
neboli ekonomicky hodnotené. Existencia banskych diel
a historickej alebo aktualnej tazby zaroven znamena pred-
poklad ¢iastocne alebo uplne vybudovanej infraStruktary
na tazbu, upravu a dopravu suroviny. Z hladiska nakla-
dovych poloziek projektu maji loziska spristupnené ban-
skymi dielami z prieskumu, historickej alebo sucasnej
tazby vyznamna komparativinu vyhodu oproti neotvore-
nym loziskdm. Zdrojom informdcii st zavere¢né spravy
z loziskového geologického prieskumu s vypoctom zasob,
zaverecné spravy o komplexnom hodnoteni lozisk nerast-
nych surovin (Geofond), historické spravy (Statny tstred-
ny bansky archiv), rozhodnutia o schvaleni zasob (MZP
SR) a pod.

Ekonomicka efektivita

Ekonomické hodnotenie sa spravidla vypracuva v ram-
ci studii vyuzitelnosti v rdéznych $tadiach projektu (Pre-
liminary Economic Assessment, Pre-Feasibility Study,
Feasibility Study). V minulosti sa vykonavali samostatné
technicko-ekonomické $tadie (TES), ktoré boli obdobou
sucasnych stadii vyuzitelnosti, alebo bolo zakladné eko-
nomické hodnotenie sucastou zaverecnych sprav s vy-
poctom zasob. Pre systém hodnotenia SWOT je podstatna
aktualnost’ hodnotenia, ked’ze starSie Studie nereflektuju
aktualne ekonomické podmienky. Zdrojom informacii st
publikované technicko-ekonomické stadie alebo technické
spravy (Technical Reports) k $tadidm vyuzitelnosti.
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Dopyt po surovine

Realizécia projektu tazby ma zmysel len v pripade za-
ujmu o danu nerastni surovinu na trhu. Na tento ucel sa
vypracuvaju analyzy trhu, resp. marketingové stadie. Pri
zékladnej analyze SWOT spravidla nie st takéto komplex-
né studie k dispozicii, vychadza sa preto zo znamych sku-
tocnosti — zahrani¢ny obchod s danou surovinou, aktualny
trend cien nerastnych surovin, existencia vladnych a eu-
ropskych dokumentov definujucich strategické a kritické
suroviny pre SR, resp. EU. Zdrojom informacii s pub-
likované dokumenty (surovinova politika Statu, kritické
nerastné suroviny pre EU a iné), Statistiky zahrani¢ného
obchodu a cien (ro¢enky, internet).

Posudenie vplyvov na zZivotné prostredie (proces EIA)

Aj ked’ je postdenie vplyvov na zivotné prostredie
(podl'a zakona €. 24/2006) len jednym z konfliktov zauj-
mov, ktoré musi zaujemca o tazbu vyriesit, predstavuje
samostatny proces, ktor¢ho vysledok ma rozhodujuci
vplyv na realizovatel'nost’ projektu. Preto je vy¢lenené ako
samostatny externy faktor hodnotenia. V sucasnych pod-
mienkach sa vypracovanie §tadie ¢asto vyzaduje uz v po-
Ciato¢nych stadiach banského projektu, este pred uréenim
dobyvacieho priestoru. Vypracovanie postdenia vplyvov
ma vSak logicky vyznam najmé pri konani o ziskani po-
volenia na bansku ¢innost’, ktoré je poslednym administra-
tivnym ukonom pred tazbou a ktoré zahfiia schval'ovanie
planu otvarky, pripravy a dobyvania. Po predlozeni zdmeru
sa v ramci zistovacieho konania rozhodne, ¢i navrhovana
¢innost’ (fazba nerastov) podlicha posudzovaniu vply-
vov na zivotné prostredie (napr. aj na zaklade porovna-
nia vySky planovanej ro¢nej tazby s prahovou hodnotou,
stanovenou v uvedenom zakone). Zdrojom informacii st
rozhodnutia zo zistovacich konani a zavere¢né stanoviska
k navrhovanej ¢innosti.

Systém hodnotenia

Realne zhodnotenie kazdého faktora (parametra) uréu-
je, ¢i ide o silnu alebo slabu stranku (interné parametre),
resp. prilezitost’ ¢i hrozbu (externé parametre) hodnote-
ného projektu. Parametre sa v ¢ase mézu menit, aj ked’
véacsina internych parametrov (zasoby, kvalita suroviny,
banskotechnické pomery) predstavuje relativne stabilné
vstupné polozky (Balaz et al., 2015). Hodnotenie sa teda
musi vztahovat’ na konkrétne asové obdobie.

Systém hodnotenia je jednoduchy, kazdému parametru
zodpoveda v hodnoteni 1 bod, ktory sa prirad’uje v ramci
hodnotenia k silnym alebo slabym strankam (interné para-
metre), resp. k prilezitostiam alebo ohrozeniam (externé
parametre). Model sa da pouzit’ aj v pripade, ak nemame
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Tab. 3
Matica analyzy SWOT s definovanim hodnotiacich parametrov.
SWOT matrix — defining the evaluation criteria.

Interné faktory

S (silné stranky)

| W (slabé stranky)

Mnozstvo zdasob

zasoby zodpovedajuce min. kategdrii malého loziska

zasoby zodpovedajuce kategorii loziskového vyskytu

Kategoria preskimanosti zasob

zasoby kategorie Z-1 a Z-2

zasoby kategorie Z-3

Kvalita a technologické viastnosti suroviny

vhodné na spracovanie a vyuzitie suroviny

obmedzena vhodnost’ na spracovanie a vyuzitie suroviny

Ulozenie a sposob otvarky loZiska

povrchové lozisko — lom

hlbinné lozisko — podzemna bana alebo kombinovany sposob

Banskotechnické podmienky

jednoduché banskotechnické podmienky

zlozité banskotechnické podmienky

Externé faktory

O (prilezitosti)

T (ohrozenia)

Legislativny status

tazené lozisko alebo povolena banska ¢innost’ (vyriesené
konflikty zaujmov)

nepovolena banska ¢innost(nevyriesené konflikty zaujmov)

Aktudlny stav spristupnenia zasob a infrastruktira

tazené lozisko alebo otvorené lozisko, vybudovana
infrastruktira na tazbu, upravu a dopravu

neotvorené lozisko, Ziadna alebo nedostato¢ne vybudovana
infrastruktura

Ekonomicka efektivita

tazené lozisko alebo ekonomicka efektivita preukazana stadiou
(PEA, PFS, FS)

ekonomicky nehodnotené alebo ekonomicka neefektivita
preukazana studiou (PEA, PFS, FS)

Dopyt po surovine

tazené lozisko alebo existuje dopyt na trhu, resp. deklarovany
hospodarsky vyznam

nie je dopyt na trhu alebo deklarovany hospodarsky vyznam

Posudenie vplyvov na Zivotné prostredie (proces EIA)

tazené lozisko alebo kladné zavere¢né stanovisko posudzovania
vplyvov na ZP alebo navrhovana ¢innost’ nepodlicha
posudzovaniu

zaporné zaverecné stanovisko posudzovania vplyvov na ZP
alebo navrhovana ¢innost’ nebola posudzovana

k dispozicii informacie o vSetkych parametroch. V takom
pripade sa za parameter, ku ktorému nemame zodpoveda-
juce informacie, pripocitava bod k slabym strankam, resp.
ohrozeniam.

V prezentovanom modeli sa parametrom neprirad’uje
rozdielna véha, ked’ze kazdy parameter potencialne pred-
stavuje rozhodujuci prvok hodnotenia. Vypracovanie mo-
delu s pridel'ovanim réznej vahy jednotlivym parametrom
mdze prispiet’ k redlnejSiemu hodnoteniu loziskového ob-
jektu, vyzaduje si vSak vypracovanie vyvazen¢ho a funké-
ného bodovacieho systému, pretoze nie kazdy parameter
poskytuje rovnaké a jednoznacne identifikovatelné
moznosti bodovania.

1

Tab. 4
Bodové hodnotenie.
Scoring.
Interné faktory (IF) Body IF
S (silné stranky) W (slabé stranky)
IF=a-b

a b
Externé faktory (EF) Body EF
O (prilezitosti T (ohrozenia

® ) ( ) S
c d
Celkové hodnotenie IF + EF

75
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Schéma navrhovaného bodovania je v tab. 3 a4. V pre-
zentovanom modeli je rozsah dosiahnutelnych bodov
v rozmedzi —10 az +10, redlne dosiahnutel'né hodnoty pri
danom poéte hodnotiacich parametrov st 10, 8, 6, 4, 2, 0,
-2,-4,-6,-8 a—10. V pripade zmeny poctu hodnotiacich
parametrov uzivatelom je potrebné nasledne upravit' aj
systém bodovania tak, aby vyhovoval Gi¢elu hodnotenia.

Navrh hodnotenia:

10az4 — perspektivne lozisko, resp. potencialne per-
spektivne lozisko,
2az-2 - lozisko s neurcitou perspektivou vyuzivania,

—4 az—10 — neperspektivne lozisko, resp. nie je dostatok
relevantnych informacii na hodnotenie.

Stratégie SWOT

Analyzu SWOT je mozné vyuzit' na hodnotenie situ-
acie a odhadovanie vhodnej stratégie vyuzitia. Na to je
mozné pouzit modelovanie zmeny vstupnych faktorov.
Je potrebné si uvedomit, ze v pripade lozisk nerastnych
surovin su interné parametre dané geologickou situaciou,
teda relativne dlhodobo nemenné (moze sa menit’ stupen
poznania a tym kategorizacia niektorych parametrov). Ex-
terné parametre sa v porovnani s internymi v tomto zmysle
moézu menit’ relativne rychlo. V matici SWOT existuju
Styri strategické varianty (kvadranty) (obr. 1) — ST, SO,
WT a WO. Tie urCuju vhodnu stratégiu, aplikovatel'na na
konkrétnu situdciu.

Silné stranky (S)

ST SO

Obmedzenia (T) ! { PrileZitosti (O)

WT WO

Slabé stranky (W)

Obr. 1. Strategické kvadranty v matici SWOT.
Fig. 1. Strategy quadrants in the SWOT matrix.

Stratégia WT (prevladajuce slabé stranky a ohrozenia)
je zamerana na minimalizaciu slabosti a hrozieb. V pripa-
de lozisk nerastnych surovin je potrebné zamerat’ sa na
zvySenie stupna preskumanosti zasob a banskotechnic-
kych podmienok (interné parametre) a nasledne na moz-
nosti zlepSenia v ramci externych parametrov. Spravidla
ide o nevyuzivané lozisko s nizkym stupiiom preskuma-

nosti, nedostatkom relevantnych informacii na hodnotenie
a neurcitou perspektivou vyuzivania v budiicnosti.

Stratégia WO (prevladajice slabé stranky a prilezitos-
ti) sa pokti$a o minimalizaciu slabosti a maximalizaciu pri-
lezitosti. Ked'Ze externé parametre st prevazne priaznivé,
je potrebné zamerat’ sa najmé na interné parametre — ove-
renie novych zasob, zvySenie stupna preskiimanosti zasob
a poznania banskotechnickych podmienok. Spravidla
ide o nevyuzivané lozisko s perspektivou vyuZzivania pri
priaznivej zmene internych parametrov alebo napr. tazené
hlbinné lozisko, no s vyCerpanymi zasobami, resp. nizkou
kvalitou.

Stratégia ST (prevladajuce silné stranky a ohrozenia)
vychadza z predpokladu, ze sa silné stranky stretnti s hroz-
bami vo vonkajSom prostredi. Priaznivé interné parametre
st zakladom mozného vyuzitia loziska nerastnej suroviny
za predpokladu zlepsenia (vyrieSenia) externych paramet-
rov (legislativny status — konflikty zaujmov, vlastnicke
vztahy, zvySeny dopyt, budovanie infrastruktiry). Spra-
vidla ide o nevyuzivané lozisko s dostato¢nymi zasobami
a vyhovujlicou kvalitou, s perspektivou vyuzivania pri
vyraznej priaznivej zmene externych parametrov (dopyt,
ceny, infrastruktura).

Stratégia SO (prevladajice silné stranky a prilezitosti)
je najviac ziadanou situéciou, pri ktorej je mozné vyuzit
silné stranky na vyuzitie prilezitosti. Vzhl'adom na priaz-
nivé interné parametre, ktoré s viac-menej stabilné, je
podstatné zamerat’ sa na udrzanie priaznivych externych
parametrov. Spravidla ide o vyuzivané lozisko alebo nevy-
uzivané lozisko s dostatonymi zasobami a vyhovujicou
kvalitou, potencialne vyuzitelné v aktualnych podmien-
kach, resp. pri relativne malej zmene externych faktorov.

Na vyber stratégie sa pouzivaji skupiny kritérii,
ktoré hodnotia ucelnost’ (vecnu spravnost, vhodnost
a primeranost’ pre dany projekt), realizovatelnost’” (druh
a mnozstvo zdrojov potrebnych na realizaciu stratégie)
a prijatenost’ (hodnotenie ocakavani, potrieb a priorit
zaujmovych skupin). Takato kategorizacia nevylucuje
prekryvanie niektorych kritérii (Sakal et al., 2007).

PODAKOVANIE

Prezentovany material v ¢lanku je produktom prac
v ramci projektu Ministerstva zivotného prostredia SR
¢. 607 12 Surovinovy potencial Slovenskej republiky —
analyza vybranych nerastnych surovin a je aj prispevkom
Slovenska k rieseniu projektu EU MINATURA 2020.
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Priklad hodnotenia

Tab. 5

Roznava — Strieborna zila, Ag + Cu rudy, 2016 — hodnotiace faktory loziska a bodovanie.
Roznava — Strieborna zila vein, Ag + Cu ore, 2016 — evaluation deposit factors and scoring.

Interné faktory

Komentar k internym faktorom

S (silné stranky) W (slabé stranky)
Mnozstvo zdsob — zvolené kritérium je obsah striebra v rude,
odhad vytazitel'nych zasob zodpoveda ma-
1 | kategoria min. malé lozisko | kategoria loziskovy vyskyt | 1ému loZisku

Kategoria preskumanosti zasob

— VAcsina zasob overena v kategoérii Z-2

a vyuzitie suroviny

na vyuzitie suroviny

1 | zasoby kategorie Z-1 a Z-2 | zasoby kategorie Z-3
Kvalita a technologické viastnosti suroviny — obsah kovov Ag a Cu a technologické
| | vhodné na spracovanie obmedzena vhodnost’ vlastnosti suroviny vhodné na hydrometa-

lurgicka upravu rudy

Ulozenie a sposob otvarky loZiska

0 povrchové lozisko — lom

bana

hlbinné lozisko — podzemna

— hlbinné lozisko

Banskotechnické podmienky

jednoduché banskotechnické

zlozité banskotechnické

— zlozité banskotechnické podmienky -
pozicia pod miestnou erozivnou bazou,
hydrogeologické pomery klasifikované
ako stredne obt'azné (III. stupen), zvySena

0 podmienky podmienky obtaznost’ (V. stupen) v blizkosti tektonic-
kych zon
Externé faktory
Komentar k externym faktorom
O (prilezitosti) | T (ohrozenia)

Legislativny status

1 povolena

banska ¢innost’

nepovolena banska ¢innost’

— povolena banska ¢innost’, vyrieSené
konflikty zdujmov

Aktualny stav spristupnenia zasob a infrastruktira

— otvorené loZisko, v minulosti tazené,

otvorené lozisko, vybudovana
infrastruktara na tazbu, upra-
vu a dopravu

neotvorené lozisko, bez vybu-
dovanej infrastruktiry

CiastoCne vybudovana infrastruktira

Ekonomicka efektivita

tazené lozisko alebo
ekonomicka efektivita
preukdzana stadiou
(PEA, PFS, FS)

ekonomicky nehodnotené
alebo ekonomicka
neefektivita preukdzana
stadiou (PEA, PFS, FS)

aktualne ceny kovov Ag a Cu (11/2016)
a odhad vytazitelnych zasob aplikované
na vysledky predbezného ekonomického
hodnotenia (NI 43-101 Technical Report,
2015) neumoziuji ekonomicku rentabilitu
projektu

Dopyt po surovine

tazené lozisko alebo existuje
dopyt na trhu, resp.
deklarovany hospodarsky
vyznam

nie je dopyt na trhu alebo
deklarovany hospodarsky
vyznam

podla zéverov studie o kritickych
mineraloch (vypracované EK v r. 2010
a 2014) je obsah Ag a Cu kovov s ekono-
mickou doélezitostou vyssi ako stanovena
kriticka hodnota

z hladiska Aktualizacie surovinovej poli-
tiky (2004) rudy predstavuju strategické
suroviny pre SR

Posudenie vplyvov na zivotné prostredie

tazené lozisko alebo kladné
zavere¢né stanovisko
posudzovania vplyvov na ZP
alebo navrhovana ¢innost’
nepodlieha posudzovaniu

zaporné zaverecné stanovisko
posudzovania vplyvov na ZP
alebo navrhovana ¢innost’
nebola posudzovana

rozhodnutie okresného uradu z roku 2014
o neposudzovani navrhovanej c¢innosti
podla zakona ¢. 24/2006 vzhl'adom na to,
ze predpokladana tazba nedosahuje praho-
vu hodnotu
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Silné stranky (S)

Ohrozenia (T) PrileZitosti (O)

Slabé stranky (W)

Obr. 2. Znazornenie hodnotiacich faktorov v grafe SWOT.
Fig. 2. [llustration of the evaluation factors in the SWOT graph.

Tab. 6
Sumarne hodnotenie SWOT loziska Roznava — Strieborna Zila.
Summary SWOT evaluation of Rozilava — Strieborna zila vein

deposit.

Interné faktory (IF) Body IF
S (silné stranky) W (slabé stranky)
; 5 3-2=1
Externé faktory (EF) Body EF
O (prilezitosti) T (ohrozenia)

4-1=3
4 1
Celkové hodnotenie +4

Celkové hodnotenie (tab. 5 a 6) dosiahlo +4 body (per-
spektivne, resp. potencialne perspektivne lozisko). Hodno-
tiace faktory vynesené do grafu SWOT (obr. 2) indikuju
stratégiu vyuzitia SO (prevladajice silné stranky a prile-
zitosti).

ZAVER

Analyza SWOT predstavuje pomerne jednoduchy
a rychly spdsob (v zavislosti od dostupnosti a kvality rele-
vantnych informacii) hodnotenia loziskovych objektov so
zaradenim do zvolenych kategorii. Je potrebné si uvedo-
mit’, ze kazdé hodnotenie SWOT je viazané na konkrétne
Casové obdobie, ked’ze parametre hodnotenia, najmé ex-
terné, sa mdzu v Case menit’.

Navrhovany spdsob hodnotenia lozisk nerastnych su-
rovin je otvoreny systém, ktory je mozné podla potreby
upravovat’ a prisposobovat’ potrebam hodnotitel'a. Uve-
denym sposobom je mozné prvotne zhodnotit’ jednotlivé
loziska alebo skupiny lozisk a v zavislosti od ciel'a hod-
notenia nasledne selektovat’ objekty napriklad pre potreby
Statnych organov a surovinovej politiky Statu, samospravy
alebo stikromnych spoloénosti.
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Evaluation of reserved mineral deposits usability applying a SWOT analysis

INTRODUCTION

SWOT analysis is a tool of strategic management. As
follows from the name of this analysis, consisting of capital
letters, its aim is to identify the Strengths/Weaknesses/
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Opportunities and Threats, related to evaluated specific
project. It is used mainly in the economic sphere for fast
overview of the strategic situation of assessed entity (Sakal
et al., 2007). Methodology was developed in the Stanford
Research Institute in 1960-1970, during the analysis
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of companies’ planning processes (Rothwell, 2010).
Number of other authors and institutions contributed to
the development of the analysis. Within the geological
project Mineral potential of the Slovak Republic - analysis
of selected mineral resources (Balaz et al., 2015), the
adaptation of the SWOT analysis has been proposed for the
evaluation of mineral deposits. The modified methodology
is the basis of this contribution, which is aimed at a more
detailed explanation, modification and supplementation.
The analysis is designed for the evaluation of reserved
deposits in the legislative conditions of the Slovak
Republic (categorization of reserves, mineral resources
protection status, evaluation of conflicts of interest).

Principles

SWOT analysis is the identification of strengths
(S), weaknesses (W), opportunities (O) and threats (T).
Strengths and weaknesses are internal factors (internal
analysis), opportunities and threats are external factors
(external analysis). The basic element of the SWOT
analysis is to identify and evaluate these factors. Selection
of external and internal factors has been adapted to the
evaluation of mineral deposits. The analysis also includes
a scoring system of individual factors of SWOT matrix.

Identification of factors for the assessment of reserved
mineral deposits

Selection of factors (parameters) was carried out in
order to maximize embracing issues, affecting real use
of mineral resources. Potential information sources, from
which it is possible to draw the relevant information, are
included.

Internal factors (strengths and weaknesses) characteri-
ze the internal (geological) aspects of mineral deposit, ba-
sed on the results of exploration and reserves estimation:
the amount of reserves, reserves category (classification),
quality and technological properties of minerals, deposit
geological position (setting) and viable way of deposit
opening and technical mining conditions.

External factors (opportunities and threats) characteri-
ze the exterior (non-geological) aspects that have a direct
impact on the exploitation possibilities: legislative status
(including conflicts of interest), actual reserves availability
(state of opening and mining works) and infrastructure, es-
timate of economic efficiency of exploitation, the demand
for raw materials and environment impact assessment.

Rating system
Real evaluation of each factor (parameter) determines

whether it is strength or weakness (internal parameters),
respectively opportunity or threat (external parameters).

179

The parameters can be dynamically changed in time, al-
though most of internal parameters (reserves, mineral/ore
quality, technical mining conditions) represent relatively
stable input items (Balaz et al., 2015). Any SWOT analysis
is thus valid in a particular time period.

Rating system is rather simple, each parameter corres-
ponds to 1 point in the evaluation, which is attributed to
the strength or weakness (internal parameters), respective-
ly to the opportunity or threats (external parameters). The
model can also be used in case we do not have information
on all parameters. In this case, a parameter to which we do
not have adequate information is considered as weakness
or threat respectively.

In presented model, the parameters are not matching
different weight, since each parameter potentially re-
presents a critical component of evaluation. Developing
of model, using the allocation of different weights to
individual parameters, can contribute to a more realistic
assessment, but requires development of a balanced and
functional scoring system, since not every parameter
provides adequate possibility for scoring range.

SWOT strategies

SWOT analysis can be used to evaluate the situation
and suggests the appropriate strategy by modelling of
changes in input factors. It is noted that in the case of mi-
neral deposits, internal parameters are set by the geological
situation, which is a relatively constant for long time (level
of knowledge may be changed and thus categorization of
certain parameters). External parameters are, compared
to internal, changing relatively quickly. There are four
strategic options (quadrants) in the SWOT matrix — SO
(prevailing strengths and opportunities), ST (prevailing
strengths and threats), WO (prevailing weaknesses and
opportunities) and WT (prevailing weaknesses and thre-
ats). These determine the appropriate strategy applicable
to a particular situation.

CONCLUSION

SWOT analysis represents relatively simple and fast
way (depending on the availability and quality of relevant
information) for rating of mineral deposit objects and di-
vision into selected categories. It should be understood
that any SWOT evaluation is linked to a particular time
period, since used parameters, in particular external, may
vary over time. The proposed method of evaluation of mi-
neral resources is an open system that can be adjusted as
appropriate and adapted to the needs of the evaluator. In
this way, it is possible to initially evaluate individual mi-
neral deposits or groups of deposits and depending on the
objective of evaluation select objects to meet the needs of
national authorities, mineral policy makers, local govern-
ments or private companies.
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SWOT analysis matrix — defining the evaluation criteria:

Internal factors

S (strengths)

W (weaknesses)

Reserves amount

reserves corresponding minimally to small deposit category

reserves corresponding to deposit occurrence

Category of reserves

reserves of Z-1 and Z-2 category

reserves of Z-3 category

Quality and technological properties of mineral

mineral suitable for processing and use

limited mineral suitability for processing and use

Geological settings and way of deposit opening

surface deposit — quarry

underground deposit — underground mine or combined
(surface/underground) method

Mining technical conditions

simple mining technical conditions

difficult mining technical conditions

External factors

O (opportunities)

| T (threats)

Legislative status

mined deposit or obtained license for mining operations
(solved conflicts of interest)

license for mining operations not obtained
(conflicts of interest not solved)

Actual reserves availability and infrastructure

mined deposit or open deposit, existing infrastructure
for the extraction, processing and transport

deposit not open, no or insufficient infrastructure

Economic efficiency

mined deposit, or economic efficiency proved by study
(PEA PFS, FS)

not rated economically, or economic inefficiency proved by
study (PEA PFS, FS)

Demand for mineral

mined deposit, or there is a demand in the market or declared
economic importance

no, or weak demand in the market, no economic importance
declared

Environment impact assessment (EIA process)

mined deposit, or a positive statement of the final
environmental impact assessment or the proposed activity is
not subject to assessment

negative statement of the final environmental impact
assessment or the proposed activity was not assessed
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