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V sucasnosti uz zrejme niet pochybnosti o tom, Ze objektivne informdcie o Zivotnom
prostredi krajiny nemozu byt skuto¢ne objektivne bez informécii o stave a stupni
znecistenia geologickej zlozky Zivotného prostredia. Kontamindcia vod, pod,
sedimentov, porusenie stability krajiny, ekologicky odtok, hodnoty prirodnej
rddioaktivity a podobne su tdaje, bez ktorych nie je moZné zabezpecit koncepciu
trvalo udrzatelného rozvoja Zivotného prostredia. Nezastupitelnu dlohu pri rieSeni
problémov tvorby a ochrany Zivotného prostredia md geoldgia. Jej miesto je
podmienené skutocnostou, Ze prirodné prostredie ako subsystém Zivotného
prostredia je rozhodujticou mierou determinované geologickou stavbou, ktord tvorf
hmotnu podstatu a ndsledne determinuje ostatné subsystémy Zivotného prostredia.
Rozsiahla priemyselnd ¢innost, extenzivne polnohospoddrstvo, tazba surovin,
doprava, ako aj rozli¢né cezhrani¢né vplyvy sposobili v poslednych desatrociach v
Slovenskej republike zna¢né Skody na Zivotnom prostredi. Napriek poznaniu
mnohych negativnych vplyvov na Zivotné prostredie objektivne tidaje o charaktere a
intenzite kontamindcie jeho jednotlivych zloZiek neboli vZdy objektivne. PretoZe
zdujem o mozny negativny dosah kontaminujtcich ldtok na prirodné prostredie,
biotu a na zdravie ¢loveka vobec narastal, a to nielen na ndrodnej drovni, ale aj v
medzindrodnom kontexte, bolo nevyhnutné vyjadrif sa aj na poli geoldgie k
sic¢asnému stavu Zivotného prostredia. Bolo nevyhnutné, aby sa na rieSenie
najaktudlnejSich problémov ochrany a tvorby Zivotného prostredia zameral uceleny
geologicky projekt, aby sa vyuZili dosial ziskané i nové poznatky o stave
geologického prostredia a aby sa vysledky tohto usilia predloZili verejnosti v
suibornej podobe. Z tychto déovodov Ministerstvo Zivotného prostredia Slovenske;
republiky prostrednictvom Sekcie geoldgie a prirodnych zdrojov od zaciatku 90.
rokov odstihlasilo rozsiahly environmentdlno-geologicky program Vyiskum
geologickych faktorov Zivotného prostredia, v ramci ktorého Geologickd sluzba
Slovenskej republiky spolu s dal§imi prirodovedne zameranymi institdciami
realizovala projekt Geochemicky atlas Slovenskej republiky. V rdmci jednotlivych
dielov Geochemického atlasu sa uskutocnilo ndrodné geochemické mapovanie s
ciefom zhodnotit distribuciu prirodne a taktieZ antropogénne podmieneného obsahu
chemickych prvkov v hlavnych zlozkdch Zivotného prostredia — v horninédch,
pddach, rie¢nych sedimentoch, podzemnych voddch, lesnej biomase — a zdroven
regiondlne charakterizovat prirodnu rddioaktivitu na tzemi Slovenskej republiky.
Predkladané dielo zamerané na rie¢ne sedimenty je poslednou ¢astou stibornej
edicie Geochemické atlasy Slovenska, ktord vyddva Ministerstvo Zivotného prostredia
Slovenskej republiky. Doteraz vydané Casti edicie su zamerané na podzemnu vodu,
lesnud biomasu, podu, rddioaktivitu tizemia Slovenska a chemické zloZenie hlavnych
horninovych typov z celého tizemia Slovenskej republiky. Stibornym dielom
Geochemicky atlas Slovenskej republiky poskytuje slovenskd geoldgia nevyhnutné
podklady na objektivne hodnotenie kvalitativnych parametrov Zivotného prostredia
uzemia Stdtu, a tym aj vychodiskd raciondlneho rozhodovania v oblasti
environmentdlnej stratégie a ekologickej politiky Slovenskej republiky.
Predkladanym dielom, zavrSujticim ediciu Geochemické atlasy Slovenskej
republiky, Geologickd sluzba Slovenskej republiky a slovenskd geoldgia vobec
vytvorila zdkladny odborny predpoklad na objektivne zapojenie geoldgie do
komplexnych environmentdlnych projektov na sledovanie a hodnotenie
geochemickych a biogeochemickych cyklov chemickych prvkov v Zivotnom prostredi
s findlnym cielom pomaoct zlepsit Zivotné prostredie a kvalitu Zivota obyvatelstva
Slovenskej republiky. Rozsahom a dosiahnutou droviiou geochemické mapovanie
Slovenska v ndrodnych mierkach moZno povaZovat za najucelenejSie nielen v ramci
Eurdpy, ale aj v rdmci sveta. Tym sa umoZnilo plné zapojenie Slovenskej republiky
do nadndrodnych programov geochemického mapovania a pozndvania
environmentdlno-geologickych osobitosti Eurdpy a Zeme.

Zdaverom chcem podakovat Geologickej sluZzbe Slovenskej republiky a vSetkym
kooperujucim organizdcidm za kvalitnd a vysoko odborne vykonanu prédcu nielen v
tomto zdvereCnom atlase, ale aj vo vSetkych doteraz publikovanych ¢astiach edicie
Geochemického atlasu Slovenskej republiky.

It is now generally agreed that an objective information on the environment
undoubtedly cannot be truly objective, if it lacks information on the state and
degree of the contamination of the geological component of the environment.
Water, soil and sediment contamination, disrupted landscape stability, ecological
runoff, natural radioactivity values, etc. are crucial data for a conception of a
permanently sustainable development of the environment. An irreplaceable role in
the solution of the problems of environment formation and protection is played by
geology. Its role results from the fact that the natural environment as a subsystem
of the environment is decisively determined by the geological structure which
accounts for the bulk of the material and hence determines the other subsystems of
the environment.

Over the past decades, extensive industrial activities, extensive agriculture, mining,
transport as well as various cross-border effects have caused considerable environ-
mental damage in Slovakia. Although many adverse environmental effects were
known, not all data on the character and intensity of the contamination of the
respective constituents of the environment were objective. The ever-increasing
interest in possible adverse impacts of contaminants on the natural environment,
biota and human health, on both national and international scale, highlighted the
need to study the current state of the environment from a geological point of view.
It was also necessary to investigate the most pressing problems of environmental
protection and formation through an integrated geological project, to use both new
and earlier data on the state of the geological environment and to publish the
results of these efforts in a comprehensive form. For these reasons, in the early
1990s, the Slovak Environment Ministry's Section of Geology and Natural
Resources approved the extensive environmental-geological project Research of
Environmental Geofactors as part of which the Slovak Geological Survey in associa-
tion with other natural-science institutions carried out the project Geochemical
Atlas of the Slovak Republic. The compilation of the respective parts of the
Geochemical Atlas entailed nationwide geochemical mapping aimed at the distribu-
tion of natural and man-made contents of chemical elements in the main
components of the environment - rocks, stream sediments, ground waters, forest
biomass - and at the same time to regionally characterize natural radioactivity in
Slovak territory.

The submitted work dealing with stream sediments is the last part of the series of
the Geochemical atlases of Slovakia published by the Slovak Environment Ministry.
The parts published so far deal with ground water, forest biomass, soil, radioactivity
in Slovak territory and the chemical composition of the main lithologies from
across Slovakia. The comprehensive series Geochemical atlas of the Slovak
Republic is an indispensable basis for an objective evaluation of the qualitative
environmental parameters in Slovakia which in turn are needed for rational
decision-making in the area of environmental strategy and ecological policy of the
Slovak Republic. Through the submitted work, the last of the series of the
Geochemical atlases of the Slovak Republic, the Slovak Geological Survey and the
Slovak geology as a whole have created a basic expert precondition to an objective
involvement of geology in complex environmental projects aimed at the monitoring
and evaluation of geochemical and biogeochemical cycles of chemical elements in
the environment whose ultimate goal is to contribute to the improvement of the
environment and the quality of life of the Slovak people. Given its extent and
standard, the geochemical mapping in Slovakia is the most integrated nationwide
geochemical mapping not only in Europe, but also in the whole world. This has
allowed Slovakia to take part in multinational geochemical mapping projects and
studies of environmental-geological special features of Europe and Earth.

Finally, I wish to thank the Slovak Geological Survey and all cooperating organiza-
tions for their high-quality and highly professional work not only in compiling this
atlas, but also all other parts of the series of Geochemical atlases of the Slovak
Republic.

< %%cf
Laszlo Miklos

minister Zivotného prostredia Slovenskej republiky
Minister of the Environment of the Slovak Republic
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PREDSLOV

Geochemicky atlas Slovenskej republiky, VI. ¢ast — Rie¢ne sedimenty — predstavuje
posledny diel série geochemickych atlasov Slovenskej republiky. Geologickd sluzba
Slovenskej republiky tym skoncila celoizemné geochemické mapovanie a tvorbu
geochemickych bdz ddt z podzemnych vod, lesnej biomasy, prirodnej rddioaktivity,
hornin, pod a rie¢nych sedimentov. Tento atlas predstavuje zavrSenie etapy zdklad-
ného pozndvania a mapovania geochemického prostredia Slovenskej republiky
a dosiahnuté vysledky zodpovedaju etape zdkladného regiondlneho mapovania. Celd
etapa bola realizovand v relativne kratkom ¢asovom rozpiti a odber vzoriek vo
vSetkych mapovanych médidach sa urobil v rokoch 1991-1995.

Mapovym zobrazenim distribticie chemickych prvkov v rie¢nych sedimentoch Geolo-
gickd sluzba Slovenskej republiky poskytuje jednak odbornikom v geovednych
a environmentdlne zameranych oblastiach, jednak pracovnikom riadiacich
a rozhodujucich orgdnov v oblasti ekoldgie, ochrany prirodného prostredia, urbanis-
tiky, vodného hospodadrstva, hygieny a pod. objektivne a autorizované informdcie
o sticasnom stave distribucie chemickych prvkov v zéne hypergenézy, a teda aj objek-
tivne informdcie o suic¢asnom stave znec€istenia Zivotného prostredia Slovenskej repub-
liky.

PouZité metodické postupy, najma odber, tprava a analyzy vzoriek rie¢nych sedimen-
tov, no taktieZ kompildcia a tvorba monoprvkovych mdp, sa realizovali v silade
s metodickymi postupmi pouZivanymi pri odbornych pracach podobného charakteru
v zahrani¢i. Takto bola zarucend plnd kompatibilita a prepojenie vysledkov
geochemického mapovania Slovenska v rdimci Eurépy a zapojenie sa do zostavovania
globdlnych geochemickych mdp, mdp geochemickych provincii, charakterizovanych
asocidciami chemickych prvkov podmienenych historickym vyvojom zemskej kory,
ovplyvnenej aktivitami [udskej civilizdcie.

Sirokou komplexnostou geochemického mapovania v rdmci geochemickych atlasov
Slovenskej republiky sa ziskali geochemické poznatky a geochemické bazy ddt, ktoré
niclen v rdmci Eurdpy, ale aj v rdmci sveta moZno v ndrodnych mierkach povazovat
za najucelenejSie. Vytvoril sa tak zdkladny odborny predpoklad na komplexné nad-
stavbové prdce na sledovanie geochemickych a biogeochemickych cyklov chemickych
prvkov s vyistenim do projektov, v ktorych sa bude riesit problematika vplyvu
geochemického prostredia na biotu a ludské zdravie.

Primdrne geochemické informécie, bazy dat chemickych analyz rie¢nych sedimentov
a ostatnych mapovanych médii ziskanych v rdmci geochemickych atlasov Slovenskej
republiky st zhromaZdené a uchované v odbore informatiky Geologickej sluzby Slo-
venskej republiky, kde su pristupné zdujemcom na v§eobecné pouZitie.

FOREWORD

The submitted Geochemical Atlas of the Slovak Republic, Part IV Stream Sediments
is the last in a series of Geochemical atlases of the Slovak Republic by which the
Slovak Geological Survey has completed nationwide geochemical mapping and
compilation of geochemical databases of ground waters, forest biomass, natural
radioactivity, rocks, soils and stream sediments. The gathering of basic information
and mapping of Slovakia’s geochemical environment has thereby been completed.
The results achieved correspond to the stage of basic regional mapping. The whole
stage was carried out in a fairly short space of time as the samples of all mapped
materials were collected between 1991 and 1995.The map illustration of the distribu-
tion of chemical elements in stream sediments provides experts in geosciences and
environmental protection, as well as managers and executives of organizations
engaged in ecology, environmental protection, urbanism, water supply and manage-
ment, hygiene, etc. with objective and authorized information on the current state of
the chemical-element distribution in the hypergene zone and hence also objective data
on the present state of Slovakia‘s environmental pollution.

The techniques used, primarily collecting, preparation and analyses of stream-
sediment samples as well as the compilation and drawing up of single-element maps
complied with techniques used in similar specialized surveys abroad. This ensures full
compatibility and incorporation of the results of the geochemical mapping in
Slovakia with those from the rest of Europe as part of the compilation of global
geochemical maps, maps of geochemical provinces characterized by associations of
chemical elements resulting from the historic evolution of the earth‘s crust affected
also by human activities.

The scope of the geochemical mapping involved in the compilation of the
Geochemical Atlases of the Slovak Republic was so wide that the resulting geochem-
ical knowledge and geochemical databases rank among the most complete not only
in Europe but also across the world. The data obtained make up a basis for follow-
up surveys of the geochemical and biogeochemical cycles of chemical elements and
ensuing projects to investigate the effect of the geochemical environment on the
biosphere and human health.

The primary geochemical information, databases of chemical analyses of stream
sediments and other mapped materials involved in the Geochemical Atlases of the
Slovak Republic are stored and maintained by the Slovak Geological Survey‘s
Informatics Department where they are available for general use.



1. GVOD

Geochemické prdce ¢i uz vyskumného alebo prieskumného charakteru maji v Geolo-
gickej sluzbe Slovenskej republiky a jej predchddzajucich zakladajicich organizdcidch
- najma v Geologickom tistave Dionyza Stiira v Bratislave a Geologickom prieskume
Spisskd Novd Ves — dlhoro¢né tradicie. Geochemické mapovanie a geochemickd pro-
spekcia boli rutinnymi metédami, desatrocia pouZivanymi najméa pri vyhladdvani lo-
Zisk nerastnych surovin. V rokoch 1958-1983 napriklad Geologicky prieskum Spisskd
Novd Ves realizoval 113 prdc, pri ktorych sa pomocou geochemickych met6d
a geochemickej prospekcie riesila loZiskova problematika. V Geologickom tstave Dionyza
Stira sa geochemickd problematika riesila najmd v rdmci oddelenia mineraldgie
a oddelenia lozisk nerastnych surovin, kde obdobne ako v Geologickom
prieskume Spisskd Novd Ves hlavné zameranie a vyustenie geochemickych préac bolo
v loZiskovej problematike. Environmentdlne zameranie geochemickych prac md naj-
vacsiu tradiciu v rdmci GS SR a dalsich geologickych organizécii na Slovensku v od-
deleni geochémie Zivotného prostredia, do roku 1992 oddelenie hydrogeochémie.
Spociatku, najmé prostrednictvom vod, ¢i uz podzemnych, povrchovych alebo zrdz-
kovych, sa rieSila problematika ich znecistenia, ktord postupne vyustila do kom-
plexnych, environmentdlne zameranych geologickych prdc. Vyvrcholenim tychto
iniciativ z posledného obdobia je edicia Geochemické atlasy Slovenskej republiky.
Geochemicky atlas rie¢nych sedimentov je po podzemnych voddch, lesnej biomase,
prirodnej rddioaktivite, hornindch a pddach poslednou, Siestou castou uvedenej edi-
cie.

Hodnoteny geologicky materidl — jemny sediment aktivnych rie¢nych sedimentov to-
kov (potokov, riek) — predstavuje v nasich prirodnych podmienkach z environmentédl-
neho hladiska najdoleZitejSie médium, najmé v dosledku Siroko rozvinutej rienej siete
a relativne silno ¢lenitého reliéfu. V analyzovanej frakcii (pod 0,125 mm) rie¢neho
sedimentu, z mineralogického hladiska tvoreného najmé {lovymi minerdlmi,
menej drobnymi tlomkami silikdtovych minerdlov a hornin, oxidmi a hydroxidmi
hlavne Zeleza, mangdnu a hlinika, v dosledku jeho vysokej sorpcnej kapacity dochd-
dza k sorpcii a zrdZaniu prvkov prindsanych do tokov prestupujiicimi povrchovymi
a podzemnymi vodami. V ich zloZeni sa prejavuju nielen drobné tlomky a produkty
zvetrdvania hornin, ale aj chemické prvky a ldtky vymyvané a vylihované z pod. Riec-
ny sediment charakterizuje teda niclen samotnu vodnu zloZku, t. j. samotny vodny
tok, ale v plnej miere odrdZa aj geochemicky charakter pod, hornin a produktov ich
zvetrdvania v povodi. Zdroven je doleZitym akumulaénym priestorom, ale aj mig-
raénym prostredim chemickych prvkov a ldtok organického charakteru.

Najmi kvoli uvedenym skutoCnostiam bola Statistickd hustota odberu vzoriek riec-
nych sedimentov v rdmci série geochemickych atlasov Slovenskej republiky najvacsia
a predstavovala 1 vzorku na 2 km?. Celkovy pocet odobranych a analyzovanych vzo-
riek vrdtane kontrolnych odberov a analyz bol vyse 25 000. Na zdverecné spracovanie
a tvorbu geochemickych médp sa pouZilo 24 432 vzoriek, ktoré boli odobrané v pomer-
ne tizko ¢asovo ohrani¢enom tseku, v rokoch 1991-1995. Analyzovand $kdla zahfiia-
la 35 prvkov, ktorych distribticia je zndzornend formou modelovych monoprvkovych
mdp v mierke 1 : 1 000 000.

Metodické postupy, pouZité ¢i uz pri odbere vzoriek, ich uprave, analyzach alebo pri
interpretacnych prdcach, vychddzali z prirodnych danosti, moZnosti a potrieb Sloven-
ska, no odbornymi postupmi plne koreSpondovali s odbornymi prdcami v zahranici.
Realizovali sa v sulade s medzindrodnymi geologickymi korelaénymi programami
IGCP 259 a IGCP 360 (Global Geochemical Baseline), ¢im umoZziiuju plné zapoje-
nie Slovenska do programov mapovania a poznania geochemickych a environmen-
tdlno-geochemickych osobitosti Eurépy a Zeme.

Predkladand prdca si neddva za ciel definitivne a komplexné zhodnotenie ziskanej bd-
zy ddt chemickych analyz rie¢nych sedimentov; to bude z mnohorakych hladisk, ¢i uz
na celoslovenskej alebo regiondlnej a miestnej trovni, ndmetom a podkladom
mnohych samostatnych prdc. Hlavnym cielom tejto prdce je generdlne opisanie
distribucie chemickych prvkov rie¢nych sedimentov Slovenska a procesov kontroluju-
cich ich migrdciu a distribticiu a ich zobrazenie formou monoprvkovych médp v mier-
ke 1 : 1000 000.

Geochemicky atlas rie¢nych sedimentov je poslednym, 6. dielom zo série geochemic-
kych atlasov Slovenska. To umoZnilo zahrnuft a vyuZit viacero poznatkov a vysledkov
z predchddzajcich dielov.

Na lepsiu ilustrdciu a pochopenie procesov tvorby chemického zloZenia rie¢nych
sedimentov Slovenska je tu okrem geologickej stavby a prehladu loZisk nerastnych su-
rovin (najmé rudnych) aj inZinierskogeologickd charakteristika kvartérnych a recent-
nych sedimentov Slovenska a geochémia horninovych typov, medzi ktoré Studovany
materidl — aktivny rie¢ny sediment — geneticky patri.

1. INTRODUCTION

The Slovak Geological Survey and its predecessors, notably the Dionyz Stur Institute
of Geology in Bratislava and the Geological Exploration in Spi§skd Novd Ves, have
long been performing geochemical works, both research and exploration ones.
Geochemical mapping and geochemical prospecting have been used routinely for
decades mainly in prospecting for mineral deposits. For instance, between 1958 and
1983, the Geological Exploration based in SpiSskd Novd Ves carried out 113 projects
in which it applied geochemical methods and geochemical prospecting in mineral
exploration. In the D. Stir Institute of Geology, geochemistry was responsibility
mainly of the Mineralogy Department and the Mineral Raw-Materials Department.
Geochemical works carried out by the Geological Exploration and the D. Stir
Institute of Geology alike were involved largely in prospecting for and exploration of
mineral deposits. Environmental geochemistry in Slovakia has the best tradition in
the Slovak Geological Survey's Environmental Geochemistry Department
(Hydrogeochemistry Department until 1992). Initially, environmental geochemistry
in Slovakia focused mainly on ground-, surface- and meteoric-water pollution, but
gradually it embraced all aspects of the environment. These initiatives have lately
culminated in the edition of the Geochemical Atlases of the Slovak Republic.
Following the atlases of ground waters, forest biomass, natural radioactivity, rocks
and soils, the Geochemical Atlas of Stream Sediments is part six of this edition. From
an environmental point of view, the studied geological material — fine sediment of
active streams (brooks and rivers) is the most important medium in Slovakia, mainly
owing to Slovakia’s dense stream pattern and relatively rugged topography.
Mineralogically, the analysed stream-sediment fraction (minus 0.125 mm) is
dominated by clay minerals, with a smaller amount of fine fragments of silicate
minerals and rocks, oxides and hydroxides, primarily of iron, manganese and
aluminium. Thanks to its high adsorption capacity, the sediment adsorbs and precip-
itates elements carried into streams by percolating surface and ground waters. Aside
from fine fragments and products of rock weathering, the sediments also contain
chemical elements and substances washed out and leached from soils. Stream
sediment therefore characterizes not only the water component, i.e. the stream itself,
but also the geochemical character of soils, rocks and their weathering products in its
drainage basin. It is also an important accumulation area and migration environment
of chemical elements and organic matter.

For these reasons, the stream-sediment sampling density of 1 sample per 2 km? was
higher than that used for the other Geochemical atlases of the Slovak Republic. A
total of 25,000 samples were collected and analysed. 24,432 samples were eventually
processed and used in the compilation of the geochemical maps. The samples were
collected in a fairly limited space of time between 1991 and 1995. 35 elements were
analysed. Their distribution is illustrated in model single-element maps at a scale of
1 : 1,000,000.

Techniques used to collect, process and analyse the samples and to interpret the
results reflected Slovakia‘s natural characteristics, possibilities and needs, but are
fully compatible with specialized works abroad. As they comply with the internation-
al geological correlation programmes IGCP 259 (International Geochemical
Mapping, XV) and IGCP 360 (Global Geochemical Baseline, XV), they can be fully
incorporated into projects of mapping and investigating geochemical and environ-
mental-geochemical phenomena in Europe and elsewhere across the globe.

The submitted Atlas is not aimed to comprehensively evaluate the obtained database
of stream sediment chemical analyses once and for all. The analyses will be assessed
from various points of view on the nationwide, regional or local scales and will inspire
or provide fundamental data for a multitude of further works. The main objective of
the submitted Atlas is to generally describe the distribution of chemical elements in
Slovakia‘s stream sediments and processes controlling their migration and distribu-
tion in single-element maps at a scale of 1 : 1,000,000.

The Geochemical Atlas of Stream Sediments is the last, part six of the series of
Geochemical atlases of Slovakia. This allowed the authors to summarize and make
use of the data and results of the preceding parts.

For the sake of better illustration and understanding of the processes controlling the
chemical composition of Slovakia‘s stream sediments, the submitted work contains
not only the geological structure and an overview of (mostly metallic) mineral
deposits, but also engineering-geological characteristics of Slovakia‘s Quaternary and
recent sediments and geochemistry of rock types which, from a genetical point of
view, comprise also the studied material — active stream sediment.
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2. HISTORIA GEOCHEMIE A GEOCHEMIA NA SLOVENSKU

Mnohé poznatky o chemickom zloZeni Zeme, ktoré dnes povaZujeme za
geochemické, boli sformulované uz v stredoveku, pripadne aj skor. UZ J. Agricola
(1494-1555) poznal a opisal viacero prvkov, najmad rudné prvky, drahé kovy,
a sformuloval aj niektoré myslienky tykajtce sa chemického zloZenia podzemnych
vod. Vela geochemickych myslienok mozZno ndjst aj v zdveroch prdc banikov, geo-
l6gov a mineralégov uz od stredoveku, ziskanych pri tazbe drahych kovov, najma
zlata a striebra. V tejto oblasti je mozné spomentit aj tazbu zlata a striebra na Slo-
vensku v oblasti Banskej Stiavnice a Kremnice, ktord az do objavenia Ameriky bo-
la vo svete zndmom v tom ¢ase najvyznamnejSou svetovou banskou oblastou
s tazbou zlata a striebra.

Rozvoj geochémie v§ak bol mozny az s rozvojom ostatnych prirodnych vied — naj-
ma fyziky a chémie. Pojem ,,geochémia“ v odbornej literatuire prvykrdt pouZil v ro-
ku 1838 svajciarsky chemik Ch. F. Schonbein. Definuje geochémiu ako vedu, ktord
sa bude zaoberat chemickou podstatou nasej Zeme.

Spociatku sa geochémia rozvijala najma v rdmci mineraldgie. Boli to v§ak najméa
chemici, zaoberajtci sa Stidiom chemického zloZenia minerdlov a hornin - J. J.
Berzelius (1879-1848), R.W. Bunsen (1811-1899) a mnohi dalsi, ktori nazhro-
mazdili pre geochémiu dolezity faktograficky materidl a podali prvé chemické
charakteristiky a Kklasifikdcie minerdlov a hornin. RozsiahlejSie interpretdcie
a aplikdcie chemickych ddajov v geologickych procesoch a javoch boli prvykrét
publikované najmé v pracach G. G. Bischofa (1792-1870) a J. Rotha (1818-1982).
Pre rozvoj geochémie mali nesmierny vyznam fundamentdlne objavy v chémii a os-
tatnych prirodnych veddch v druhej polovici 19. storocia. Vytvorenie periodickej
sustavy prvkov, klasifikdcia prvkov na zdklade ich atémovej hmotnosti, objav
rddioaktivity, rozvoj chemickych analytickych metéd na jednej strane a rozvoj
geologickych vied na druhej strane podmienili rozvoj geochémie, vednej discipliny
zaoberajucej sa Stidiom rozmiestnenia chemickych prvkov a procesov ich migra-
cie na Zemi a v jej jednotlivych geosférach.

Geochémia ako samostatnd vednd disciplina v rdmci geologickych vied sa vycleni-
la az v 20. storo¢i. Za jej klasické obdobie moZno povaZovat desiate aZ tridsiate ro-
ky, ked aj v dosledku stupiiujiicej sa potreby vyhladdvania a tazby nerastnych
surovin zacal prebiehat intenzivny vyskum chemického zloZenia Zeme a procesov
kontrolujicich migrédciu a distribticiu chemickych prvkov, ¢i uz v jednotlivych
geologickych sférach a formdcidch, alebo v jednotlivych geologickych procesoch.
Prvou prédcou charakterizujicou chemické zloZenie zemskej kory bola Clarkova
kniha Data of Geochemistry (1908). F. W. Clarke (1847-1931) a M. S. Washington
(1867-1934) boli hlavnymi reprezentantmi americkej $koly geochemikov, ktorf sa
na zaciatku 20. storocia zaoberali najma kvantitativnym zistovanim chemického
zloZenia Zeme, zemskej kory a jednotlivych hornin a minerdlov. Na pocest Clarka
zaviedol neskor Fersman do geochemickej terminolégie pojem klark, vyjadrujuci
Standardny, priemerny obsah prvku v zemskej kore.

Ruskd skola geochemikov, reprezentovand hlavne V. I. Vernadskym (1863-1945)
a A. E. Fersmanom (1883-1945), ddva do stvisu geochemické vlastnosti prvkov so
stavbou ich atémov. Rozpraciva teoretické zdklady geochémie, najméa zdkonitosti
migrdcie chemickych prvkov a energetiku geochemickych procesov. V nemalej mie-
re sa zasluzili aj o rozvoj regiondlnej a uZitej geochémie a geochemickej prospek-
cie.

Za dalSiecho zo zakladatelov geochémie sa povaZzuje V. M. Goldschmidt
(1888-1947), nérsky vedec Svajciarskeho pdvodu, ktory sa zasliZil najmé o rozvoj
krystalochemického a fyzikdlnochemického smeru v geochémii a sformuloval zdko-
ny geochemického rozmiestnenia prvkov v zdvislosti od ich kryStalochemickej po-
vahy.

Moderné obdobie geochémie sa zacalo v povojnovych rokoch. Vyvolal ho prudky
rozvoj ostatnych suvztaznych vied, okrem geolégie najma chémie a fyziky, no naj-
mia prudky rozvoj laboratornych metéd — kvantitativne chemické analyzy,
geochronologické a izotopové analyzy, elektrénovd mikroanalyza a pod. Coraz
vySSia svetovd spotreba nerastnych surovin — rid, nerud, vzdacnych prvkov a fosil-
nych paliv — bola stimuldciou pri rozvoji aplikovanej geochémie a geochemickej
prospekcie, pri ktorej bolo objavené, sformulované a potvrdené velké mnoZstvo
geochemickych zdkonitosti kontrolujicich sprdvanie, migrdciu a distribticiu
chemickych prvkov tak primdrneho, ako aj sekunddrneho geochemického pola
a sprdvanie prvkov v zone hypergenézy.

V 50. rokoch vznikli a zacali sa od¢lefiovat samostatné odvetvia geochémie. V lite-
ratire sa Coraz CastejSie zacCinaji objavovaf terminy ako litogeochémia,
hydrogeochémia, petrogeochémia, biogeochémia, fyzikdlna geochémia, izotopovd
geochémia a pod., ktoré vymedzuji vztah geochémie k urcitym geologickym poj-
mom, resp. stivztaznym vednym disciplinam. Rozpracuvaju sa zdklady termody-
namiky a kinetiky geochemickych procesov a experimentdlne i vypocCtami su
definované vsetky doleZité termodynamické konstanty a rovnovdzne modely jedno-
tlivych fdz. Zacina sa s modelovanim geochemickych procesov a vypractvaju sa
prvé matematické modely geochemickych procesov, exogeogénnych aj endogén-
nych.

Koncom 50. a zaciatkom 60. rokov ¢oraz viac geochemickych prdc zacina riesit
problematiku kontamindcie Zivotného prostredia, tak geogénneho, ako aj
antropogénneho povodu. Coraz viac vzrastd potreba poznania nielen primarneho,
ale aj sekunddrneho geochemického pola a v mnohych krajindch sa zacina
s regiondlnym geochemickym mapovanim vod, pdd a sedimentov. Pre 70. roky je
typické Stidium hmotovych bilancii prvkov prostrednictvom modelovych povodi
a od 80. rokov sa zostavuju prvé geochemické atlasy (Finsko, Nemecko, Anglicko,
Rakisko a pod.). Okrem rozsiahleho a plo§ného geochemického mapovania sa
vytvdraju vyskumné timy, ktoré sa orientuju na aplikdciu geochemického pozadia

2. HISTORY OF GEOCHEMISTRY AND GEOCHEMISTRY IN SLOVAKIA

Much information on the Earth‘s chemical composition which is now regarded as
geochemical information was formulated as early as Middle Ages or even before.
J. Agricola (1494 - 1555) knew and described several elements, mostly metallic
ones, as well as precious metals, and formulated some ideas regarding ground-
water chemistry. A treasure of geochemical ideas can also be found in conclusions
made by miners, geologists and mineralogists engaged in precious-metal mining,
mainly of gold and silver, since the Middle Ages. It is now appropriate to mention
also gold and silver mining in the Banskd Stiavnica area in Slovakia which until the
discovery of America was the most important single gold and silver mining centre
in the then known world.

Nevertheless, geochemistry did not start to develop until the development of other
natural sciences, notably physics and chemistry, began. The term “geochemistry”
was first used in professional literature in 1838 by Swiss chemist Ch. F. Schonbein
who defined geochemistry as a science that would deal with the chemical aspects
of our Earth.

At first, geochemistry was part of mineralogy, but crucial facts and first chemical
characteristics and classifications of minerals and rocks were submitted largely by
chemists studying the chemical composition of minerals and rocks such as J. J.
Berzelius (1879-1848), R. W. Bunsen (1811-1899) and many others. Extensive
interpretations and applications of chemical data in geological processes were first
published mainly by G.G. Bischof (1792-1870) and J. Roth (1818-1982).
Fundamental discoveries in chemistry and other natural sciences in the second half
of the 19th century were of tremendous importance for the development of
geochemistry. The periodic table of the elements, elemental classification based on
atomic weight, discovery of radioactivity, development of chemical analytical
methods on the one hand and the development of geological sciences on the other
hand supported the development of geochemistry as a scientific discipline engaged
in the study of the distribution and processes controlling migration of chemical
elements on the Earth and in its respective geospheres.

Geochemistry, as a separate scientific discipline, was not recognized until as late
as the 20th century. Its classic period was from the 1910s to 1930s when a great
need to prospect for and explore mineral deposits gave rise to an intensive research
of the Earth‘s chemistry and processes controlling the migration and distribution
of chemical elements either in respective geospheres and formations or in respec-
tive geological processes.

The first book characterizing the chemical composition of the Earths crust was
"Data of Geochemistry” (1908) by E. W. Clarke. Clarke (1847-1931) and M. S.
Washington (1867-1934) were chief representatives of the American school of
geochemists that in the beginning of the 20th century focused primarily on the
qualitative determination of the chemical composition of the Earth, earth‘s crust
and respective rocks and minerals. In honour of Clarke, Fersman later introduced
into geochemical terminology the term “clarke” as a unit for the average percent-
age of a chemical element in the Earth‘s crust.

A Russian school of geochemists represented mainly by V. I. Vernadsky
(1863-1945) and A. E. Fersman (1883-1945) linked geochemical properties of
elements to the structure of their atoms. It studied the theoretical basis of
geochemistry, notably the principles governing the migration of chemical elements
and energetic laws of geochemical processes. They are also credited with develop-
ing regional and applied geochemistry and geochemical reconnaissance.

Another founding father of geochemistry is V. M. Goldschmidt (1888-1947), a
Norvegian scientist born in Switzerland who is credited mainly with the develop-
ment of the crystallochemical and physico-chemical branch of geochemistry and
who formulated the laws governing the geochemical distribution of elements in
relation to their crystallochemical character.

The modern era of geochemistry began after World War II. On the one hand, it was
promoted by the fast development of related sciences, such as geology, chemistry
and physics, but mainly by the rapid development of laboratory methods of
quantitative chemical analysis, geochronological and isotope analyses, electron
microanalysis, etc. On the other hand the ever increasing world consumption of
mineral raw materials - metallic ores, nonmetallics, rare elements and fossil fuels
spurred the development of applied geochemistry and geochemical prospecting
which discovered, formulated and confirmed a multitude of geochemical principles
governing the behaviour, migration and distribution of chemical elements in the
primary and secondary geochemical fields alike as well as the behaviour of
elements in the hypergene zone.

In the 1950s, separate branches of geochemistry were established and terms such
as lithogeochemistry, hydrogeochemistry, petrogeochemistry, biogeochemistry,
physical geochemistry, isotope geochemistry, etc., which define the relationship
between geochemistry and certain geological terms or related scientific disciplines,
increasingly often appeared in literature. The fundamentals of the thermodynam-
ics and kinetics of geochemical processes are being studied, and calculations and
experiments have defined all major thermodynamic constants and balance models
of respective phases. Geochemical processes begin to be modelled and first
mathematic models of both exogenic and endogenic geochemical processes are
being compiled.

From the end of the 1950s and the beginning of the 1960s, more and more
geochemical works focus on environmental contamination due to geogenic factors
of human activity. The need to know not only the primary, but also the secondary
geochemical field became increasingly urgent and in many countries the geochem-
ical-field survey survey began with geochemical mapping of water, soil and
sediments. The 1970s are the period of mass balances of elements in model



a jeho potencidlne vplyvy v polnohospoddrstve, na vztah k biote a zdraviu ¢loveka
a pod. V tom cCase vznikd mnoho prvych, pionierskych prac z environmentdlnej
geochémie, najmd v Kanade, USA a byvalom ZSSR. Prvé multidisciplindrne
pracovné stretnutie zorganizovali Subkomisia pre geochémiu Zivotného prostredia
vo vztahu k zdraviu a chorobdm pri Ndrodnej akadémii vied a Spolo¢nost pre
environmentdlnu geochémiu na zaciatku roku 1972.

Zaciatky geochemickych poznatkov na Slovensku je moZné hladat v banskej
¢innosti, ktord md na Slovensku tradiciu uz od stredoveku. Skor mineralogicko-
-geochemické ako geochemické poznatky sa az do zaciatku 20. storo€ia vyuZzivali pri
vyhladdvani a tazbe rid, najma zlata a striebra. K prvym geochemickym poznat-
kom z obdobia pred 20. storo¢im moZno zaradit aj analyzy minerdlnych a lie¢ivych
termdlnych vod, ktoré sa realizovali eSte v rdmci vtedajSieho Uhorska. K prvym pi-
somnym sprdvam o termdlnych a minerdlnych voddch Slovenska patri praca Jura-
ja Wernera (1549) Rozprava o podivuhodnych voddch, ktory opisuje minerdlne
vody Slovenska a ich priaznivé zdravotné ucinky.

Rozvoj vlastnej geochémie ako vednej discipliny sa v§ak na Slovensku zacal aZz po
druhej svetovej vojne. Za zakladatela slovenskej geochémie moZno pokladat
B. Cambela, profesora Prirodovedeckej fakulty Univerzity Komenského v Bratislave.
Predovsetkym z jeho iniciativy bola v roku 1969 zaloZend samostatnd Katedra
geochémie, ktord sa od¢lenila z Katedry nerastnych surovin a geochémie. Aj z tej-
to skutocnosti je zrejmé, Ze pociatky geochémie na Slovensku boli spdté najma
s rozvojom banictva. Najvyznamnejsie uplatnenie dosiahli a najviac rozpracované
u nds boli geochémia rid a hydrotermdlnych procesov. Geochemickymi
prospekénymi prdcami, najmi metalometriou, Slichovou prospekciou, menej
hydrogeochemickou prospekciou a prospekciou rie¢nych sedimentov, bolo
v regiondlnej mierke pokryté celé izemie Slovenska a perspektivne banské oblasti
boli prospekéne geochemicky spracované v podrobnych mierkach. Prudky roz-
mach geochémie na Slovensku mozno datovat od 60. rokov. Postupne sa rozpracu-
vaju vSetky zdkladné odvetvia a smery geochémie, a to tak teoretického,
laboratérno-experimentdlneho, ako aj aplikovaného zamerania. Nevyhnutnym
predpokladom rozvoja geochémie na Slovensku bol rozvoj analyzy geologickych
materidlov. Na geologickych pracoviskdch, najmia v GUDS, Geologickom tistave
SAV, Geologickom prieskume SpiSskd Novd Ves, InZinierskogeologickom
a hydrogeologickom prieskume Zilina a dalsich, sa postupne buduje laboratérna
bdza, ktord umozZiiuje rozvoj regiondlnej geochémie a poznania chemického zloZe-
nia hornin, minerdlov a vdd. Rozvija sa poznanie geochemickych zdkonitosti
(termodynamika, kinetika, fdzovd rovnovdha) endogénnych a exogénnych proce-
sov. Vela prdc sa realizuje z oblasti experimentdlnej a fyzikdlnej geochémie. Prebie-
ha intenzivny izotopovy a geochronologicky vyskum. Datované su vSetky zdkladné
geologicko-tektonické jednotky, a najméa typy zrudnenia na Slovensku. Velky roz-
mach bol zaznamenany v oblasti aplikovanej geochémie, analytickej geochémie
a geochémie vod.

Od zaciatku 80. rokov na Slovensku postupne ¢oraz viac sa zacina v geochemic-
kych pracach riesit geochemickd problematika, ktord md vztah k rieSeniu problémov
tvorby a ochrany Zivotného prostredia — problematika environmentdlnej geochémie.
Tento trend, aj ked trochu oneskorene, nadvdzuje na orientdciu aplikovaného
geochemického vyskumu vo svete smerom k environmentdlnej geochémii.

V podmienkach byvalého Ceskoslovenska a v si¢asnosti Slovenska sa geochémia
prednostne orientovala na aktivity spojené s vyhladdvanim nerastnych surovin.
Problematika ochrany Zivotného prostredia sa rieSila len okrajovo, najmi
prostrednictvom hydrogeochémie. KedZe vodnd zloZka geologickej Casti Zivotného
prostredia je najdynamickejSia a zdroveinl aj najzranitelnejSia, na jej priklade sa za-
Cala rozpracuvat problematika ochrany Zivotného prostredia (Goldber a Gazda).
Geochemickoprospekéné prace, dizajn vzorkovania, Uprava vzoriek, chemické ana-
lyzy, metodiky vy¢lefiovania geochemickych anomdlii a prdce hydrogeochemického
zamerania, najmi interakcie voda — hornina, formy migrdcie prvkov, podmienky
fdzovej rovnovdhy a pod., boli teda metodologickym zdkladom environmentdlnej
geochémie na Slovensku.

Z tychto préc vychddzali a z tychto oblasti sa formovali odbornici zaoberajtci sa
environmentdlno-geochemickou problematikou, ktori zacali prostrednictvom
geochemickych atlasov a environmentdlno-geochemickych mdp rozsiahly a kom-
plexny environmentdlno-geochemicky vyskum Slovenska. Od zaciatku 90. rokov sa
na Slovensku zostavovali autorizované reprodukovatelné bdzy ddt chemického zlo-
Zenia prirodnych vod, rie€nych sedimentov, hornin, pod, prirodnej rddioaktivity
a lesnej biomasy. Tym sa vytvorila na istej trovni predstava o geochemickom po-
zadi a regiondlnej distribtcii prvkov/zloZiek vo vzorkovanych médidch. Tieto nd-
rodné geochemické bdzy dat sa neskor ticelovo dopliiali dalsimi tidajmi ziskanymi
pomocou rovnakych metodickych postupov v siboroch mdp geofaktorov Zivotné-
ho prostredia. Uvedené aktivity sprevddzalo vytvorenie metodik interpretdcie
vysledkov, a najmé principov zostavovania prislusnych mapovych vystupov,
orientovanych hlavne na identifikdciu anomdlii a rozliSenie ich geogénneho,
geogénno-antropogénneho a antropogénneho pdvodu. V prevaznej miere ide
o prdce regiondlneho charakteru tykajice sa celého tizemia Slovenska, resp. vac-
Sich dzemnych celkov vymedzenych na zdklade poziadaviek Stdtnej spravy.

Aj na Slovensku je environmentdlna geochémia zamerand na jeden z jej aktudlnych
smerov — medicinsku geochémiu, a to tak po reSer$nej, ako aj po aplikovanej stran-
ke, napr. v regione Ziarska kotlina. V si¢asnosti su rozpracované projekty, zame-
rané na charakter geochemického prostredia a zdravotny stav obyvatelstva
v regiondlnom rozsahu, napr. pre oblast Spi§sko-gemerského rudohoria.

Rozvoj aplikovanej environmentdlnej geochémie smeruje aj k pracam zameranym
na hodnotenie kritickych zdtazi a ich prekrocenia, chemickych casovych bomb
a podobne.

Ako jednu z dalSich tdloh environmentdlnej geochémie v najbliZ§om obdobi, ktord

drainage basins and the 1980s saw the compilation of the first geochemical atlases
(Finland, Germany, England, Austria, etc.). Aside from extensive and areal
geochemical mapping, some geochemical teams focused on the application of
geochemical background and its potential effects in agriculture, relationships to
human health and biote, etc. That period saw first pioneer environment-geochem-
ical works, largely in Canada, USA and the former USSR. The first multidiscipli-
nary working sessions were organized by subcommissions for environmental
geochemistry in relation to health and diseases of the National Academy of
Sciences and Association for for Environmental Geochemistry early in 1972.

The first geochemical knowledge resulted from mining which in Slovakia dates
back to the Middle Ages. Until the beginning of the 20th century, the mineralogic-
geochemical rather than purely geochemical knowledge was used in mineral
prospecting and mining, mainly of silver and gold ores. The first geochemical
information before the 20th century includes also analyses of mineral and thermal
waters carried out in the then Austro-Hungarian Monarchy. One of the first written
references to Slovakia's thermal and mineral waters is the Account of strange
waters by Juraj Werner (1549) that describes Slovakia's mineral waters and their
curative effects.

Nevertheless, it was not until the end of World War II that the development of
geochemistry as a separate scientific discipline began. Slovak geochemistry was
founded by B. Cambel, professor at the Comenius University's Faculty of Natural
Sciences in Bratislava as, mainly on his initiative, the separate Geochemistry
Department split from the Department of Economic Geology and Geochemistry in
1969. Also this fact suggests that the beginnings of geochemistry in Slovakia were
associated largely with mining, the most thoroughly developed branches of
geochemistry being geochemistry of metallic ores and hydrothermal processes.
Regional geochemical prospecting, mainly soil survey and panning and to a lesser
extent also hydrogeochemical prospecting and stream sediment prospecting, was
carried out throughout Slovakia's territory, prospective mining areas being
surveyed in more detail. A fast development of geochemistry in Slovakia started
mainly in the 1970s. All basic branches and fields of geochemistry were gradually
developed theoretically, laboratory-experimantally and as applications in practice.
A key precondition to the development of geochemistry in Slovakia were improve-
ments in the analysis of geological materials. Geological departments of the
Dionyz Stur Institute of Geology, Slovak Academy of Sciences's Geological
Institute, Geological Exploration at SpiSskd Novd Ves, Engineering-Geological
and Hydrogeological Survey at Zilina and others gradually fitted their laboratories
with equipment sufficient to develop regional geochemistry and to study the
chemical composition of rocks, minerals and water. The knowledge of geochemi-
cal principles (thermodynamics, kinetics, phase balances) of endogenic and
exogenic processes progressed as well. Much work was done in the field of experi-
mental and physical geochemistry. Intensive isotope and geochronological
researches are under way. All Slovakia's major geological-tectonic units and types
of mineralization have been dated. Much progress was made in applied geochem-
istry, analytical geochemistry and water geochemistry.

Since the beginning of the 1980, geochemical works increasingly shift to environ-
mental geochemistry which deals with the formation and protection of the environ-
ment. Although a little belated, this shift reflects a worldwide trend in the
orientation of applied geochemical research towards environmental geochemistry.
In the former Czechoslovakia and today's Slovakia, geochemistry's main mission
was mineral prospecting. Environmental issues were studied only marginally,
mostly by hydrogeochemistry. Since the water component of the environment is
the most dynamic and at the same time also the most vulnerable, it was here where
the geochemical study of environmental issues started (Goldber - Gazda).
Geochemical prospecting, sampling procedures, sample preparation, chemical
analyses, techniques to investigate geochemical anamalies, hydrogeochemical
works, mainly water-rock interaction, forms of elemental migration, conditions of
phase balances, etc. formed the methodologic basis of environmental geochem-
istry in Slovakia.

These works were performed by and at the same time produced experts in environ-
mental geochemistry whose extensive and comprehensive environmental-
geochemical research of Slovakia's territory started by the compilation of the
Geochemical atlases and environmental geochemical maps. That is how
authorized reproducible databases of the geochemical composition of natural
waters, stream sediments, rocks, soils, natural radioactivity and forest biomass
have been compiled in Slovakia since the beginning of the 1990s. These data
permitted to determine the geochemical background and the regional distribution
of elements/components in the sampled media. These national databases are being
extended by the addition of further data obtained through the same techniques
during the compilation of sets of environmental geofactor maps. These activities
involved the creation of techniques to interpret the results and determination of
principles to compile the various maps aimed mainly at the identification of
anomalies and the determination of their origin, either geogenic, geogenic
man-made or man-made. Most works were regional ones, extending all over
Slovakia's territory or covering large areas determined according to the require-
ments of the state administration.

In Slovakia too, environmental geochemistry includes also medicine geochemistry
as reviews of works carried out by other authors and as an applied science, e.g. in
the Ziar Basin. Projects aimed at the character of the geochemical environment
and the population's health in a regional scale in the SpiSko-gemerské rudohorie
Mts. are currently in progress.

Applied environmental geochemistry evolves also towards assessing critical pollution
levels and cases when these have been exceeded, chemical time bombs, etc.
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Tab. 1 Prehlad laboratérnych metod, detek&nych limitov, typov rozkladu a analytickych pristrojov

Fig. 1 A review of laboratory methods, detection limits, types of decomposition and analytical instruments

Prvok Detekény | Jednotka Typ Analyticka Specifikacia
limit rozkladu metdda pristroja
Al 0,01 % Na,0,, HCI ICP — AES ARL 34000
As 0,1 mg.kg™ HNO3, HCI HG — AAS Spectr AA 20, Varian
B 5,0 mg.kg™ Na,O, ICP — AES Liberty 200, Varian
Ba 30,0 mg.kg™’ - RFS PW 1400, Philips
Be 01 mg.kg” Na,O, ICP — AES Liberty 200, Varian
Bi 0,1 mg.kg” HNO;, HCI HG — AAS Spectr AA 20, Varian
Ca 0,01 % Na,O,, HCI ICP — AES ARL 34000
Cd 01 mg.kg™ HNO3, HF, HCIO, ICP — AES ARL 34000
Ce 10,0 mg.kg™ HNOs, HF, HCIO, ICP — AES Liberty 200, Varian
Co 1,0 mg.kg™ HNO3, HF, HCIO, ICP — AES ARL 34000
Cr 5,0 mg.kg™ Na,O, ICP — AES Liberty 200, Varian
Cu 1,0 mg.kg ™ HNO3, HF, HCIO, ICP — AES ARL 34000
Fe 0,01 % Na;O,, HCI ICP — AES ARL 34000
Ga 5,0 mg.kg™” - RFS PW 1400, Philips
Hg 0,03 mg.kg” - AAS AMA 254
K 0,01 % HNO;, HF, HCIO, ICP — AES Liberty 200, Varian
Li 1,0 mg.kg™ HNOs, HF, HCIO, ICP — AES Liberty 200, Varian
Mg 0,01 % Na,0,, HCI ICP — AES ARL 34000
Mn 0,001 % Na,O,, HCI ICP — AES ARL 34000
Mo 0,2 mg.kg” HNO3, HCI, MIBK ICP — AES Liberty 200, Varian
Na 0,01 % HNO3;, HF, HCIO, ICP — AES Liberty 200, Varian
Ni 1,0 mg.kg” HNO;, HF, HCIO, ICP — AES ARL 34000
P 0,01 % HNO3;, HF, HCIO, ICP — AES Liberty 200, Varian
Pb 5,0 mg.kg” HNO;, HF, HCIO, ICP — AES ARL 34000
Rb 5,0 mg.kg™” - RFS PW 1400, Philips
Sb 0,1 mg.kg™ HNO3, HCI HG — AAS Spectr AA 20, Varian
Se 0,1 mg.kg™ HNO3, HCI HG — AAS Spectr AA 20, Varian
Sn 1,0 mg.kg™’ - OAES PGS 2, Zeiss
Sr 5,0 mg.kg™” - RFS PW 1400, Philips
Ti 0,001 % Na,0,, HCI ICP — AES ARL 34000
Tl 0,2 mg.kg” | HNOs, HBr, HCIO, HCI, ETA — AAS Spectr AA 400, Varian
\ 5,0 mg.kg™ Na,O, ICP — AES Liberty 200, Varian
w 5,0 mg.kg™ Na,O, ICP — AES Liberty 200, Varian
Zn 1,0 mg.kg™ HNO;, HF, HCIO, ICP — AES ARL 34000
Zr 5,0 mg.kg ™’ - RFS PW 1400, Philips
Y 5,0 mg.kg™” - RFS PW 1400, Philips
Vysvetlivky:
ICP - AES atbmova emisna spektrometria s induk&ne viazanou plazmou
HG — AAS atbmova absorpéna spektrometria s generaciou hydridov
RFS rontgenfluorescenéna spektrometria
AAS plamenova atobmova absorpéna spektrometria
OAES opticka atbmova emisna spektrometria
ETA — AAS atobmova absorpéna spektrometria s elektrotermickou atomizaciou

Obr. 2 Zoznam stanovovanych prvkov v rie¢nych sedimentoch

Fig. 2 Alist of elements determined in stream sediments

Li | Be B
Na | Mg Al P
K | Ca Ti V | Cr|Mn|Fe |Co| Ni [Cul| Zn | Ga As | Se
Rb | Sr| Y | Zr Mo Cd Sn | Sb
Ba W Hg | Tl | Pb | Bi

Ce

sa v stcasnosti u nds i vo svete eSte len rozpractiva, mozno spomentt napr. sle-
dovanie celkovej koncentrdcie a foriem vyskytu ,klasickych environmentdlne
vyznamnych prvkov® As, Cd, Hg a Pb z dovodu ich vysokej toxicity, ako aj proce-
sov, ktoré vedu k tvorbe ich metaloorganickych zlicenin, ¢asto relevantnych
v potravinovom retazci. Nutné bude aj Stidium biogeochemickych procesov
ovplyviiujucich kolobeh a distribticiu prvkov v prirode — napr. kysld depozicia,
eutrofizdcia prirodnych vod a pod. Z hladiska zachovania, udrZania a optimaliza-
cie stavu Zivotného a pracovného prostredia aj pre dalSie generdcie trvalou tlo-
hou zostdva environmentdlno-geochemicky monitoring ako rozhodujuci
a najpresvedcivejsi ndstroj na zistovanie a hodnotenie antropogénnych vplyvov
Cloveka na prirodné prostredia.

Another task that geochemistry will have to solve in the nearest future and that is
currently just in a preparatory stage is the monitoring of the total concentrations
and forms of occurrence of the classic environmentally important elements As, Cd,
Hg and Pb because of their high toxicity and processes which give rise to their
metallo-organic compounds, frequently affecting the food chain. Studies will have
to pay attention also to the processes governing the circulation and distribution of
elements in nature, such as acid deposition, eutrophization of natural waters, etc.
The key and convincing tool to preserve and optimize the quality of the total and
working environment for the next generations continues to be environmental-
geochemical monitoring which provides and assesses information on the impacts
of human activity on the environment.
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3. METODIKA PRAC
VZORKOVANIE

Pri geochemickom mapovani, obzvldst pri velkych regiondlnych mierkach, je potreb-
né vybrat na vzorkovanie taky geologicky materidl, ktory nielenZe md vhodné geoche-
mické vlastnosti, ale musi byt v rovnakej kvalite a aj viac-menej pravidelne vyvinuty
v celom mapovanom tizemi. Dal$ou velmi doleZitou skuto¢nosfou, ktoru treba mat
na zreteli, je zabezpecenie rovnakych podmienok odberu vzoriek pocas celého obdo-
bia prdc a v celom mapovanom tzemi.

Rie¢ny sediment — jemnozrnny sediment akumulovany pri vhodnych podmienkach
v povrchovom toku (potokov i riek), v prirodnych podmienkach Slovenskej republiky
(najma pestrd a litofacidlne priestorovo premenlivd geologickd stavba, relativne silno
Clenity reliéf, priblizne rovnaké zastipenie chemického i mechanického zvetrdvania
a pod.) — predstavuje z environmentdlneho hladiska zrejme najdoleZitejsie geologické
médium pre geochemické mapovanie. V riecnom sedimente s ohladom na jeho gené-
zu sa odrdZa na jednej strane zloZenie geologického substrdtu z materskych hornin
a pod, na druhej strane vdaka jeho vysokej akumulacnej schopnosti st v iom sustre-
dené prvky a ldtky z prestupujticich podzemnych a pretekajucich povrchovych vod.
Priemernd hustota rie¢nej siete Slovenska je 0,88 km.km=. Len v oblastiach rozsiah-
lych niZin, najma Podunajskej niZiny, a na tzemiach budovanych vysoko priepustny-
mi skrasovatenymi vapencami mezozoika klesd az do hodnoty 0,1 km.km~2, pri ktorej
uz je pomerne fazké zabezpecit poZzadovanu pldnovanu hustotu odberu vzoriek riec-
nych sedimentov — 1 vzorka na 2 km? V oblastiach niZin je vSak vybudovand siet
zavlaZovacich a odvodiiovacich kandlov, a tak len v oblastiach krasovych planin na
vychodnom Slovensku (Silickd a PleSiveckd planina a pod.) prirodné podmienky ne-
umoznili plne dosiahnut projektovanu hustotu odberu vzoriek rie¢nych sedimentov.
Vzorky rie¢nych sedimentov — ich celkovy pocet bol vySe 25 000 (vratane kontrolnych
a opakovanych odberov) — sa odoberali v rokoch 1991-1995. Odber sa realizoval po-
Cas Sirsicho letného obdobia, mdj aZ oktdber, za stabilnych klimatickych podmienok
pri priemernych a nizsich hladindch vod v povrchovych tokoch. Jednotlivé vzorky sa
odoberali do polyetylénovych vrecisok, podla moZnosti z o najjemnejsicho flovitého
materidlu, a to minimalne z troch roznych bodov v dizke toku cca 20 m, v celkovej
hmotnosti 1-2 kg. V oblastiach, kde nebolo mozné odobrat dostato¢né mnoZstvo ilo-
vitej frakcie sedimentu, sa vzorka odobrala do dizky 100 m po toku a odoberalo sa aj
vacsie mnozstvo vzorky, az do 5 kg. Kazdd odobrand vzorka rie¢neho sedimentu ma-
la svoj zdznamovy list, v ktorom boli zaznamenané evidenc¢né a lokalizacné tdaje.

Evidenc¢né udaje pozostdvali z:

- terénneho ¢isla, odvodeného z ¢isla mapového listu (1 : 50 000),

- laboratérneho &isla — analytické ¢islo vzorky vzrastajiice od 1 podla dorucenia
a zaevidovania vzorky v laboratériu,

- ndzvu organizdcie a mena pracovnika, ktory odoberal vzorku sedimentu,

- ddtumu odberu vzorky.

Lokaliza¢né udaje pozostdvali z:

- charakteru sedimentu (flovity, piescity, ...),

- opisu pritomnosti a charakteru antropogénnej kontaminécie,

- topografického opisu miesta odberu vzorky,

- opisu charakteru horninového prostredia v mieste odberu vzorky.

Uprava vzoriek

V prvom roku prdc, v roku 1991, sa osobitne odoberala vzorka na stanovenie Hg, a to
do polyetylénovej flasticky s objemom 0,2 1. Hlavnd vzorka, odoberand do polyetylé-
novych vrectsok, sa susila pri teplote 40 °C a vzorka na analyzu Hg pri izbovej teplo-
te (cca 25 °C). Vyhodnotenie vysledkov analyzy Hg, ale aj dalSich prvkov
analyzovanych z hlavnej vzorky (susenej pri teplote 40 °C) a osobitnej vzorky na Hg
(suSenej pri teplote cca 25 °C) preukdzalo, Ze neexistuju Ziadne vyznamné rozdiely
v obsahu prvkov. Od roku 1992 sa uz separdtne odbery na ortuf nerealizovali a vzorky
sa susili pri teplote 40 °C. Sposob tpravy vzorky rie¢neho sedimentu pred analyzou je
zrejmy z obr. 1. Pri susent, sitovani a homogenizdcii vzoriek sa pouzivali vyhradne ne-
kovové zariadenia — sitd, misky, achdtové misky — z nylonu, teflonu a achatu.

Chemické analyzy

V rdmci Geochemického atlasu Slovenska sa v laboratéridch Geologického priesku-
mu, $. p., SpiSskd Novd Ves (od roku 1996 Geoanalytické laboratorid Geologickej
sluzby Slovenskej republiky) analyzovalo 36 chemickych prvkov v jemnej frakcii riec-
nych sedimentov. Zoznam stanovovanych prvkov je uvedeny na obr. 2. Obsah tdlia
bol stanoveny len v prvych 5 000 vzorkdach sedimentov. Vsetky vysledky boli pod de-
tekénym limitom (0,2 mg.kg™") pouZitej analytickej techniky, a preto sa obsah tohto
prvku prestal dalej sledovat. Prehlad analytickych technik, ktoré sa aplikovali pre jed-
notlivé determinanty, poskytuje obr. 3 a tab. 1. V tejto tabulke st uvedené aj typy
rozkladov, detekéné limity pouZitych metod a Specifikdcia pristrojovej techniky pouZi-
tej na analyzu.

Pri sic¢asnom rozvoji analytickych instrumentdlnych technik faktorom urCujicim
produktivitu, sprdvnost a spolahlivost analytickych tdajov je technika uvedenia
tuhych ldtok do roztoku. Na kvantitativne stanovenie sledovanych prvkov v tomto at-
lase nebolo moZné pouZit len jeden spdsob rozkladu. Jednotlivé stanovené prvky bo-
li rozloZené kombindciou sintraéného rozkladu a rozkladu zmesou minerdlnych
kyselin. Organické ldtky, ktorych obsah vo vzorkovom materidli sa pohyboval aZz do
20 %, boli odstranené Zihanim pri teplote 580 °C pocas jednej hodiny, alebo sa vyko-
nal predrozklad vzorky pomocou H,O,. Laboratérne postupy na stanovenie jedno-
tlivych prvkov, resp. skupin prvkov boli takéto:

3. TECHNIQUES USED
SAMPLING

Geochemical mapping, notably at large regional scales, requires the selection of an
optimum geological material to be sampled. The sampled material not only should
have suitable geochemical properties, but also should be available more or less
throughout the mapped area. Another very important fact that should be borne in
mind is that equal sampling procedures must be used throughout the sampling
campaign and all over the sampled area.

Stream sediment, i.e. fine-grained sediment accumulated under favourable conditions
in channels of surface streams - brooks and rivers under Slovakia's natural conditions
(mainly Slovakia‘s variegated and lithofacially-spatially variable geological structure,
relatively rugged topography, roughly equal intensity of chemical and mechanical
weathering, etc.) is presumably the most important geological medium for environ-
mental geochemical mapping. With regard to its history, stream sediments reflect on
the one hand the composition of geological material from parent rocks and soils and
on the other hand, thanks to their high accumulation capacity, they concentrate
elements and substances from percolating ground water and from flowing surface
water.

The average density of water courses in Slovakia is 0.88 km.km™. In extensive
lowlands, notably in the Danube Lowland, and in areas underlain by highly
permeable karstified Mesozoic limestones the density is as little as 0.1 km.km, which
is rather insufficient for the planned sampling density of 1 sample per 2 km?. In
lowlands, however, a network of man-made irrigation and dewatering canals can be
sampled and therefore the projected density of stream sediment samples was not
reached only in karst plateaux of eastern Slovakia (Silica and PleSivec plateaux, etc.).
A total of 25,000 stream sediment samples (including check and duplicate samples)
were collected between 1991 and 1995. The samples were collected during the
broader summer period from May to October, under stable climatic conditions, at
medium or low water levels in surface streams. Each sample was stored in a separate
polyethylene bag. Where possible, 1.2 kg of the finest clay material were collected
from at least three points over a distance of about 20 m along the stream. Where it
was impossible to collect the sufficient amount of the clay fraction, the sample, up to
5 kg in weight, was collected over a distance of up to 100 m along the stream. Each
collected stream sediment sample had its label with sample site identification. The site
identification comprised a field number derived from the map sheet (at a scale of
50,000), a laboratory analytical number of sample in ascending order from 1 in order
of reception and registration of the sample in the laboratory, the name of the organi-
zation and worker that collected the sample and the date of sampling. The geological
data on the label included the character of the sediments (clayey, sandy, etc.), descrip-
tion of the presence and character of contamination by human activities, topograph-
ic site description and a description of the character of the rock environment in the
sample site.

Sample preparation

In the first year of sampling, 1991, a separate sample was taken into a 0.2-1 polyeth-
ylene bottle for the analysis of Hg. The main sample collected into a polyethylene bag
was dried at 40 °C and the sample for Hg analysis at a room temperature of about
25 °C. Evaluation of the results of the analysis for Hg of the main sample and special
Hg sample as well as that of other analysed elements proved that there were no signif-
icant differences in the contents of elements in the two respective samples and
therefore since 1992 the separate samples for Hg analysis were no longer collected
and all samples were dried at 40 °C. The manner of preparation of stream sediment
samples before analysis is illustrated in Fig. 1. The samples were dried, sieved and
homogenized exclusively with nonmetallic tools - sieves, pans, mortars made of
nylon, teflon and agate.

Chemical analyses

36 chemical elements in the fine fraction of stream sediments were analysed for the
Geochemical Atlas of Slovakia in the laboratories of the Geological Exploration in
Spisskd Novd Ves (since 1996 Geoanalytical Laboratories of the Slovak Geological
Survey). The analysed elements are listed in Fig. 2. The thallium content was
determined only in the first 5,000 samples. Because all the analyses were below the
detection limit (0.2 mg.kg") of the analytical equipment used, the element was deleted
from the list of analysed elements. A review of analytical techniques applied in respec-
tive determinations is in Fig. 3 and in Tab. 1. This table also gives the types of
analyses, detection limits of the methods used and specifications of the analytical
equipment employed.

Given the current development of analytical instrumental techniques, the productivi-
ty, accuracy and reliability of analytical data is controlled by the method used to
dissolve solid matter. Qualitative elemental determinations for the Atlas required
more than one way of dissolution. Respective elements to be determined were
decomposed through a combination of sinter decomposition and decomposition in a
mixture of mineral acids. Organic matter, whose content in samples attained up to
20 %, was removed by ignition at a temperature of 580 °C during one hour or by H,0,
predecomposition. Laboratory procedures to determine individual elements and/or
groups of elements were as follows.



Stanovenie Ca, Mg, Fe, Mn, Al, Ti

Vzorka rieCneho sedimentu bola rozloZend sintraciou s Na,O, v Pt tégliku pri teplote
490 °C v ¢ase 30 min. Po skonceni sintrdcie a vychladnuti sa obsah Pt téglika rozpus-
til v HCI (141). Sledované prvky boli stanovené metédou AES-ICP na simultinnom
spektrometri firmy ARL 34 000. PouZité chemikdlie mali Cistotu p. a. Sucasne s kaz-
dou sériou vzoriek bol pripraveny slepy pokus na pouZité chemikdlie.

Na odstranenie rusivych fyzikdlnych vplyvov spojenych s rozprasovanim vzorky s vy-
sokym obsahom rozpustenych zloZiek, transportom vzorky atd. bol pouZity vntitorny
Standard Cd. Tym sa ziskala zlepSend krdtkodobd aj dlhodobd reprodukovatelnost.
Analyticky signdl bol vyhodnoteny technikou kalibra¢nej krivky. Presnost a spravnost
stanovenia sa testovala na c¢inskych certifikovanych referenénych materidloch riec-
nych sedimentov GBW 07309, 07310, 07312.

Stanovenie Na, K, Li, Ce, P

Sledované prvky boli stanovené po rozklade vzorky (0,5 g) so zmesou kyselin HF
a HCIO, (10+1). Po opakovanom odpareni kyselin bol pridany nasyteny roztok
H,BO,, roztok sa odparil a odparok rozpustil s HNO, (1+1). Roztok sa kvantitativne
preniesol do 50 ml odmernej banky. Z takto pripravené¢ho roztoku sa stanovili Na, K,
Li, Ce a P metédou AES-ICP na sekvenénom spektrometri Liberty 200 firmy Varian.

Stanovenie Be, B, Cr, V, W

Na kvantitativny prechod uvedenych prvkov do roztoku sa pouZil rozklad sintrdciou
s Na,O, pri teplote 490 °C pocas 1 hodiny. Sintracny kold¢ bol rozpusteny v destilo-
vanej vode. Kvantitativny obsah prvkov sa stanovil metédou AES-ICP Liberty 200 fir-
my Varian.

Stanovenie Cu, Pb, Zn, Ni, Co, Cd

Rozklad vzorky rie¢neho sedimentu na stanovenie uvedenych prvkov sa urobil
v teflonovej miske so zmesou kyselin HF a HCIO,. Po opakovanom odpareni s HF bol
odparok rozpusteny za tepla v HNO, (1+1). Po odpareni kyselin sa roztok kvanti-
tativne preniesol do 50 ml odmernej banky. Z takto pripravené¢ho roztoku sa stanovi-
li Cu, Pb, Zn, Ni, Co a Cd metédou AES-ICP.

Stanovenie Mo

Molybdén bol stanoveny po rozklade vzorky zmesou minerdlnych kyselin. Navdzka
vzorky (1 g) bola rozlozend zmesou HCl a HNO, (3+1). Po odpareni roztoku na
pieskovom kupeli sa zvy$ok v kadicke rozpustil v 0,5 M HCIL. Mo sa extrahoval do
MIBK a po odpareni rozpustadla sa obsah kadicky za tepla rozpustil v HNO, (1+1).
Po kvantitativnom preneseni obsahu kadicky do odmernej banky sa Mo stanovil meté-
dou AES-ICP, Liberty 200 firmy Varian s ultrazvukovym rozprasovacom firmy CETAC.

Stanovenie As, Bi, Sb, Se

Vzorka sedimentu bola po odstraneni organickych ldtok s H,O, rozloZend zmesou ky-
selin HCl a HNO, (3+1). Nezreagovany podiel HNO, bol odstrdneny pridanim vod-
ného roztoku mocoviny. Uvedené prvky boli stanovené metédou AAS s hydridovou
generdciou. Hydridy As a Sb boli generované po redukcii As** a Sb’* na As’* a Sb¥*

s vodnym roztokom KI, hydridy Se a Bi priamo zo zdsobného roztoku vzorky.

Stanovenie Ba, Ga, Rb, St, Y, Zr

Uvedené prvky boli stanovené metédou RFS. Navdzka 5 g zhomogenizovanej vzorky
sa zmieSala s 1 g vosku a tlakom 250 Mpa sa vylisovala tableta s priemerom 40 mm.
Obsah jednotlivych prvkov bol stanoveny pomocou suboru kalibra¢nych standardov.
Pri metdde RFS intenzitu Ciary ovplyvituju vSetky ostatné prvky v matrici. Na odstrd-
nenie tychto vplyvov bol pouZity Jungov model, ktory matematicky eliminuje interfe-
rencie. Signdl bol vyhodnoteny z kalibra¢nej krivky.

Stanovenie Tl

Vzorka sedimentu bola rozloZend v platinovej miske zmesou kyselin HNO, a HF
(1+2) a odparend. Tento proces sa opakoval s HE, s HF a HCIO, (2+1) a dvakrat
s HBr obohatenou brémom. Tédlium bolo stanovené po extrakcii do MIBK metédou
AAS s elektrotermickou atomizdciou (ETA).

Stanovenie Hg

Ortut bola stanovend na jednotic¢elovom analyzdtore AMA-254. Stanovenie je zaloZe-
né na termooxidacnom rozklade vzorky a nasledujicom zachyteni pdr ortuti na
amalgdtore. Kratkodobym zahriatim amalgdtora bola uvolnend ortuf vedend pridom
kyslika do meracej kyvety. Namerany absorban¢ny signdl bol vyhodnoteny metédou
kalibra¢nej krivky.

Stanovenie Sn

Vzorka s navazkou 0,1 g bola zmieSand s 0,1 g spektrdlnej prisady (Li,CO,a C)
a exponovala sa na fotograficku platiiu. Na dosiahnutie lepSej spravnosti vysledkov
bol pouZity vnutorny porovndvaci prvok Ge. Scernenie bolo vyhodnotené na
mikrodenziometri metédou kalibraénej krivky.

Relevantnost ziskanych tdajov zabezpecoval systém kontroly kvality analyz (analyti-
cal quality assurance, AQA), koreSpondujtici s europskymi normami radu EN 45 000
a so zdsadami spravnej laboratdrnej praxe (good laboratory practice). Systém AQA sa
zakladd na vybere spolahlivych metéd, pouZiti kalibrovanej analytickej in§trumentd-
cie a certifikovanych referen¢nych materidlov na kalibrdciu analytickych pristrojov, na
internej kontrole formou regulacnych diagramov, externej kontrole formou analyzy
kontrolnych vzoriek a na vonkajsom audite analytickych postupov a systému internej
kontroly kvality laboratdria. Cely tento systém navrhla a organizovala nezdvisld sku-
pina analytikov.

Ca, Mg, Fe, Mn, Al, Ti determinations

Stream sediment samples were decomposed by Na,O, sintration in a Pt crucible at a
temperature of 490°C during 30 minutes. After the sintration had been completed and
the sample cooled down, the content of the crucible was dissolved in HCI (1+1). The
elements were determined by the AES-ICP method on an ARL 34 000 simultaneous
spectrometer. The chemicals used had a p.a. purity. Chemicals for each series of
samples were blind tested.

An internal Cd standard was used to eliminate physical noise due to the spraying of
samples with a high content of dissolved components, sample transport, etc. This
practice improved short- as well as long-term reproducibility. The analytical signal
was evaluated by the calibration-curve technique. The accuracy and precision of the
determinations was tested on the Chinese certified stream sediment reference materi-
als GBW 07309, 07310 and 07312.

Na, K, Li, Ce, P determinations

0.5 g of a sample was dissolved in a mixture of the acids HF and HCIO, (10+1). After
a repeated evaporation of the acids, a saturated H,BO, solution was added, the
solution was evaporated and the residue was dissolved in HNO, (1+1). The solution
was quantitatively transferred into a 50 ml volumetric flask. Na, K, Li, Ce, P in this
solution were determined by the AES-ICP method on a Liberty 200 sequence
spectrometer manufactured by the company Varian.

Be, B, Cr, V, W determinations

In order to facilitate their quantitative dissolution, the elements were decomposed by
Na,O, sintration at a temperature of 490 °C during one hour. The sintration cake was
dissolved in distilled water. The quantitative contents of the elements were determined
by the AES-ICP method on Varian's Liberty 200 spectrometer.

Cu, Pb, Zn, Ni, Co, Cd determinations

Samples for the determination of these elements were decomposed with a mixture of
the acids HF and HCIO, in a teflon bowl. After a repeated evaporation with HE the
residue was dissolved in warm HNO, (1+1). Then the acids were evaporated and the
solution was quantitatively transfered into a 50-ml volumetric flask. Cu, Pb, Zn, Ni,
Co and Cd were determined with the AES-ICP method.

Mo determination

Molybdenium was determined after the decomposition of samples with a mixture of
mineral acids. 1 g of a sample was decomposed with a mixture of HCl and HNO,
(3+1). After the evaporation of the solution in a sand bath, the residue in the beaker
was dissolved in 0.5 M HCI. Mo was extracted into MIBK and after the solvent was
evaporated the content of the beaker was dissolved in warm HNO, (1+1). The
content of the beaker was transfered into a volumetric flask and the Mo concentra-
tion was determined with the AES-ICP method on Varian's Liberty 200 instrument
with a CETAC ultrasound sprayer.

As, Bi, Sb, Se determination

After removal of organic matter by H,O,, the sample was decomposed by a mixture
of the acids HCl and HNO, (3+1). The unreacted HNO, was removed by the
addition of water solution of urea. The elements in question were determined by the
AAS method with hydride generation. As and Sb hydrides were generated after
reduction of As’* and Sb>* to As** and Sb** by KI water solution; Se and Bi hydrides

directly from the reserve solution of the sample.

Ba, Ga, Rb, Sr, Y, Zr determination

These elements were determined by the RFS method. 5 g of sample were homoge-
nized, mixed with 1 g of wax and pressed under a pressure of 250 MPa into a tablet
40 mm in diameter. The contents of respective elements were determined by means of
a set of calibration standards. By the RFS method, the intensity of lines is affected by
all other elements in the matrix. These interferences were mathematically eliminated
by the Jung's model. The signal from the calibration curve was evaluated.

TI determination

The sediment sample was decomposed in a Pt crucible by a mixture of the acids
HNO, and HF (1+2) and evaporated into smoke. The evaporation was repeated with
HEF, with HF and HCIO, (2+1) and twice with HBr enriched with bromine. Thallium
was determined after extraction into MIBK by the AAS method with electrothermic
atomization (ETA).

Hg determination

Mercury was determined on an AMA-254 single-purpose analyser. The determination
was preceded by the thermo-oxidation decomposition of the sample and the intercep-
tion of Hg vapours on an amalgamator. The mercury was released from the
amalgamator by brief heating and carried by an oxygen flow into a measuring
cylinder. The measured absorption signal was evaluated by the calibration curve
method.

Sn determination

A 0.1-g sample was mixed with 0.1 g of a spectral admixture (Li,CO, and C) and
exposed on a photographic plate. Ge was used as an internal comparing standard to
improve the accuracy of the determination. Blackness was evaluated on a microden-
ziometer by the calibration curve method.

The relevance of the determinations was ensured by an analytical quality assurance
(AQA) system corresponding to the European standards of the series EN 45,000 and
to the principles of good laboratory practice. The AQA system involves the selection

17
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Analytické metddy a kalibracné postupy pouzité v laboratériu koreSpondovali s me-
dzindrodne uzndvanymi Standardmi. Metrologickd nadvaznost kalibra¢nych postu-
pov sa zabezpecila prostrednictvom certifikovanych referen¢nych materidlov
GBW-07309, 07310, 07312; STDS-2, STDS-4 a Buffalo river sediment 2704. Refe-
ren¢né materidly sa analyzovali s kaZzdou sériou vzoriek.

Regula¢né diagramy tvoriace stcast internej kontroly kvality laboratdria podliehali
pravidelnej kontrole externym auditom a v celom priebehu analytickych prdc sa
prekroCenie regulacnej medze vyskytlo len ojedinele. V takomto pripade ihned
nasledovala rekalibrdcia metédy.

Kontrola kvality analytickych tidajov sa priebezne pocas celého trvania laboratérnych
préc realizovala na dvoch urovniach, a to ako internd a externd kontrola.

Internd kontrola sprdvnosti a presnosti analytickych vysledkov bola zabezpecend ana-
lyzou — opakovanych vzoriek, Sifrovanych vzoriek, internych referen¢nych materidlov
a certifikovanych referenénych materidlov.

Externd kontrola analyz pozostdvala z medzilaboratérnych analyz vzoriek sedimen-
tov, z analyz certifikovanych referenénych materidlov a z analyz paralelnych vzoriek,
zaddvanych jednak nezdvislou skupinou analytikov, jednak riesitelom projektu.

Z vysledkov externych kontrolnych analyz riadenych a vyhodnocovanych nezdvislou
skupinou analytikov vyplynula pocas celej etapy laboratérnych prac velmi dobrd zho-
da vysledkov z hladiska ich presnosti a spravnosti. Celkovo tiplnd zhoda vysledkov sa
zistila v 57 % kontrolnych analyz, pri 17 % vysledkov bola zaznamenand ciastocnd
zhoda a v pripade 26 % kontrolnych vysledkov bola zaznamenand hodnota ne-
vyznamne mimo intervalu spolahlivosti.

Vysledky internych (710 vzoriek) a externych (327 vzoriek) kontrolnych analyz zadd-
vanych riesitelom projektu (analyzovanych ako zasifrované paralelné vzorky) su uve-
dené v tab. 2. Vyhodnotené su zvldst vysledky internych a externych kontrolnych
vzoriek. Externé kontrolné analyzy sa vykondvali v EL, s. 1. 0., Spisskd Nova Ves. Kva-
lita analytickych vysledkov bola vyhovujtica vo vsetkych sledovanych prvkoch. Vo
v8etkych sledovanych pripadoch viac ako 80 % kontrolnych analyz nepresahovalo po-
volenu toleranciu koncentra¢ného rozsahu, limitovanu jednak relativnou odchylkou
v %, jednak absolttnou odchylkou v mg.kg™! a %. Z hodnotenych 34 prvkov bola
zaznamenand zhoda vysledkov nad 90 % pri 30 prvkoch v pripade internych kontrol-
nych vzoriek a pri 29 prvkoch v pripade externych kontrolnych vzoriek.

ZhromaZdovanie tidajov

Vsetky tdaje o vzorkdch rie¢nych sedimentov — lokaliza¢né, popisné tdaje a chemic-
ké analyzy — boli priebeZne uchované v programe bdzy ddt Access. Spravnost vSetkych
tidajov vratane digitalizdcie bola pred definitivnym odsihlasenim bdzy ddt podrobe-
nd dvojstupiiovej kontrole dvoma nezdvislymi pracovnikmi. Kontrolovali sa popisné
topografické lokalizacné ddaje, oznacenia miest odberov vzoriek na topografickych
mapdch a spravnost digitalizdcie (suradnicovy systém JTSK). Na zdver po kontrole
a predbeznom S$tatistickom spracovani tdajov boli zo stiboru vyli¢ené vzorky s ex-
trémne odlahlym obsahom prvkov. I$lo vylu¢ne o vzorky z oblasti vytistenia vytokov
vod zo §tdlni do povrchovych tokov, resp. o intenzivne lokdlne zdroje antropogénnej
kontamindcie.

Statistické spracovanie tidajov a prezentacia vysledkov

Na spracovanie geochemického atlasu rie¢nych sedimentov Slovenskej republiky sa
pouZzilo 24 432 vzoriek, ¢o pri 35 stanovovanych chemickych prvkoch predstavuje vy-
Se 850 000 individudlnych ddajov. Praca s bdzami dét sa realizovala na osobnych po-
¢itatoch (PC) s pouzitim softvérovych celkov MADAM-G - monoprvkové mapy,
EXCEL, verzia 5.0 a Statistica — popisnd a multivaria¢nd $tatistika, Quatro Pro, ver-
zia 5.0 — tvorba histogramov. Udaje ziskané pri geochemickom vyskume riecnych
sedimentov Slovenskej republiky su prezentované formou plosného modelu distribu-
cie prvku v mierke 1 : 1 000 000. Podla dosiahnutych analytickych vysledkov sa pou-
Zivali dva zdkladné sposoby grafického zndzornenia, a to plo$né farebné mapy (viac
ako 50 % analytickych vysledkov nad detekénym limitom) a bodové mapy (viac ako
50 % analytickych vysledkov pod detekénym limitom). V pripade plo$nych mdp, kde
viac ako 10% analytickych vysledkov nedosahovalo detek¢ny limit, sa miesta odberu
s obsahom prvku pod detekénym limitom zndzornili bodovou znackou. Pri konstruk-
cii mdp a pri vSetkych dalSich matematicko-Statistickych vypoctoch je obsah prvkov
pod hodnotami detekénych limitov konven¢ne nahradeny polovicnou hodnotou de-
tekéného limitu.

Plosné mapy

Zdkladnym prvkom plo$nej monoprvkovej mapy je Stvorec so stranou 1 mm, ¢o
reprezentuje plochu 1 km?. Pre kazdy Stvorec je vypocitand prislusnd hodnota obsa-
hu prvku z prvotnych analytickych ddajov, z nepravidelnej odberove;j siete (1 vzorka
na 2 km?). Vypocet prebicha v dvoch krokoch. V prvom kroku sa pre kazdy Stvorec
vyrdtaju vazené priemery na zdklade inverznych vzdialenosti (1/D?) od centra tohto
Stvorca k najbliz§im 20 vzorkdm. V druhom kroku vypoctu sa obsah v jednotlivych
$tvorcoch lokdlne vyhladzuje metédou kizavého priemeru, pricom do vypoétu vstupu-
Ju hodnoty deviatich susediacich Stvorcov.

Na zndzornenie rozpétia koncentracie je pouzitd 14-stupiiovd farebnd $kdla. Interva-
ly jednotlivych tried si zaddvané pomocou percentilov vypocitanych z analytickych
idajov. Jednotlivé zndzoriiované triedy predstavuji obsah tychto percentilov:
1., 5., 10., 20., 30., 40., 50., 60., 70., 80., 90., 95., a 99. V pripade, ked hodnoty dvoch
alebo viacerych susednych percentilov sui rovnaké, zndzornené intervaly koncen-
tracného rozpatia vznikli spojenim percentilov s rovnakym obsahom prvkov.

Ide najméa o prvky, v ktorych viacero spodnych percentilov predstavuje hodnoty pod
detekénym limitom (Cd, Mo, Se, Sn — spojeny 1., 5. a 10. percentil, Bi — spojeny 1.
a 5. percentil) a o prvky, v ktorych najma kvoli ich nizkemu obsahu vo viacerych pri-

of reliable methods, use of calibrated analytical instruments and certified reference
materials for the calibration of analytical instruments, internal checks of regulatory
diagrammes, external checks by means of the analysis of check samples and an
external audit of the analytical procedures used and of the internal quality control
system of the laboratory. The entire system was designed and organized by an
independent team of analysts. The analytical techniques and calibration procedures
used in the laboratory complied with internationally accepted standards. Metrologic
comparability of the calibration procedured used was ensured by means of certified
reference materials GBW-07309, 07310, 07312; STDS-2, STDS-4 and Buffalo river
sediment 2704. The reference materials were analysed with each series of samples.
The regulatory diagrammes, which were used in the internal quality control of the
laboratory, were regularly checked by an external audit and throughout the laborato-
ry campaign only exceptionally were found to exceed the regulatory limits. In that
case the method was immediately recalibrated.

The quality of the analytical data was checked continuously throughout the labora-
tory campaign in two levels - as internal and external checks.

The internal checks of the accuracy and precision of the analytical determinations
involved analyses of sample duplicates, coded samples, internal reference materials
and certified reference materials

The external checks of the analyses comprised analyses of sediment samples in other
laboratories, analyses of certified materials and analyses of duplicate samples
supplied either by the independent team of analysts or by the project leader.
Trouhgout the laboratory campaign, the external check analyses controlled and
evaluated by the independent team of analysts corresponded very well to the original
laboratory analyses in accuracy and precision. 57 % of the check analyses yielded
results completely identical with the original ones, 17 % were partly identical and 26
% of the check analyses indicated a difference slightly exceeding the confidence level.
The results of internal (710 samples) and external (327 samples) analyses ordered by
the project leader (analysed as coded duplicate samples) are given in Tab. 2. The
results of internal and external analyses are assessed separately. The external analyses
were made in EL s.r.o. Spisskd Novd Ves. The quality of the analyses of all elements
was satisfactory. More than 80 % of check analyses of any element did not exceed the
permitted error in concentration which was defined as a relative deviation in % and as
an absolute deviation in mg.kg! and %. Of the 34 analysed elements, 30 yielded more
than 90 % of equal results of internal check analyses and 29 of external check
analyses.

Collecting data

All data on the stream sediment samples, sample locations and descriptions as well
as chemical analyses were continuously stored in the database programme Access.
Before final approval, the accuracy of all data including digitalization underwent a
two-level inspection by two mutually independent employees. The inspection focused
on the sample-location topographic data, sample sites marked in topographic maps,
and the accuracy of digitalization (JTSK coordinate system). After the inspection and
preliminary data processing, samples with extremely high or low elemental contents
were excluded from the sample population. All the excluded extreme contents were
caused by inflows of mine waters from adits into surface streams or by intensive
contamination by human activities.

Statistical data processing and results presentation

A total of 24,432 samples were used to compile the Geochemical Atlas of the Slovak
Republic. The contents of 35 chemical elements were determined in each sample,
which gives a total of 850,000 individual data. The databases were compiled on
personal computers equipped with the software programmes MADAM-G - single-
element maps, EXCEL 5.0 and Statistica - descriptive and multivariant statistics,
Quatro Pro 5.0 - histogram compilation. The data obtained during the geochemical
survey of Slovakia's stream sediments are presented in an areal model of elemental
distribution at a scale of 1 : 1,000,000. With regard to the analytical results, two main
ways of graphic presentation were used, namely areal colour maps (when over 50 %
of analytical determinations exceeded detection limit) and point maps (when over 50
% of analytical determinations were below detection limit). In those areal maps where
more than 10 % of analytical determinations were below the detection limit, the
below-limit sample sites were marked by a dot. In the map compilation and in all
major mathematic-statistical calculations the elemental contents below the detection
limit are replaced with one half of the detection limit.

Areal maps

The basic constituent of an areal single-element map is a square with a side 1-mm
long representing an area of 1 km? In each square, the average content of each
element was calculated from the primary analytical data distributed on an irregular
sampling grid (1 sample per 2 km?). The calculation involved two steps. In the first
step, weighted averages were calculated from inverse distances (1/D?) between the
square centre and the 20 nearest samples. In the second step, the contents of respec-
tive squares were locally smoothed by the moving average method using the values in
the nine adjacent squares. The concentration ranges are illustrated with a 14-shade
colour scale. The intervals of the respective classes are expressed by means of
percentiles calculated from the analytical data. The respective illustrated classes
represent the 1st, Sth, 10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, 90th, 95th and
99th percentiles. If the values of two or more successive percentiles were equal, the
illustrated intervals of concentration ranges were formed by putting together
percentiles with equal elemental contents. This was the case mainly with elements
whose several lower percentiles were below the detection limit, namely: Cd, Mo, Se,
Sn with combined Ist, 5th and 10th percentiles, Bi with combined 1st and 5th



Tab. 2 Zhodnotenie internych a externych kontrolnych analyz

Celkovy pocet analyzovanych vzoriek 24 555

Pocet internych kontrolnych vzoriek 710 2,9%

Pocet externych kontrolnych vzoriek 327 1,3%

Prvok Koncentraény rozsah Vyhovujdce analyzy v %
%
IK EK
Al 0,01-15 98,59 94,64
Ca 0,01-35 96,20 91,40
Fe 0,01-30 97,47 97,25
K 0,01-5 96,77 95,72
Mg 0,01-8 98,17 92,36
Mn 0,001-3 98,73 98,78
Na 0,01-5 97,32 96,97
P 0,01-4 99,18 99,09
Ti 0,001-3 99,02 99,69
mg.kg™

As 0,1-5 500 88 89,3
B 5-1 100 98,9 100
Ba 30-30 000 95,5 92,36
Be 0,1-23 98 96,94
Bi 0,1-170 96,5 99,08
Cd 0,1-100 96,1 96,1
Ce 10-650 98,45 97,25
Co 1-130 98,2 96,61
Cr 5-6 000 96,3 93,58
Cu 1-10 000 86,2 86,16
Ga 5-130 98,27 98,47
Hg 0,03-1 700 96,5 95,11
Li 1-200 99,02 98,47
Mo 0,2-18 94,4 93,88
Ni 1-2 000 95,92 95,4
Pb 5-2 000 93,38 88,08
Rb 5-200 98,74 97,55
Sb 0,1-3 600 88,2 95,11
Se 0,1-4,5 96,65 99,64
Sn 1-550 97,2 96,3
Sr 5-1 200 98,6 96,3
Vv 5-700 98,45 99,69
Y 5-150 99,16 99,08
Zn 1-3 500 86,9 81,65
Zr 5-4 000 94,1 85,94

Poznamka: IK, EK —interné a externé kontrolné vzorky.

Tab. 2 Evaluation of internal and external check analyses

Total number of analysed samples 24,555

Number of internal check samples 710 2.9%

Number of external check samples 327 1.3%

Element Concentration range Satisfactory analyses in %

%
IC EC
Al 0.01-15 98.59 94.64
Ca 0.01-35 96.20 91.40
Fe 0.01-30 97.47 97.25
K 0.01-5 96.77 95.72
Mg 0.01-8 98.17 92.36
Mn 0.001-3 98.73 98.78
Na 0.01-5 97.32 96.97
P 0.01-4 99.18 99.09
Ti 0.001-3 99.02 99.69
mg.kg™~

As 0.1-5 500 88 89.3
B 5-1 100 98.9 100
Ba 30-30 000 95.5 92.36
Be 0.1-23 98 96.94
Bi 0.1-170 96.5 99.08
Cd 0.1-100 96.1 96.1
Ce 10-650 98.45 97.25
Co 1-130 98.2 96.61
Cr 5-6 000 96.3 93.58
Cu 1-10 000 86.2 86.16
Ga 5-130 98.27 98.47
Hg 0.03-1 700 96.5 95.11
Li 1-200 99.02 98.47
Mo 0.2-18 94.4 93.88
Ni 1-2 000 95.92 95.4
Pb 5-2 000 93.38 88.08
Rb 5-200 98.74 97.55
Sb 0.1-3 600 88.2 95.11
Se 0.1-45 96.65 99.64
Sn 1-550 97.2 96.3
Sr 5-1 200 98.6 96.3
V 5-700 98.45 99.69
Y 5-150 99.16 99.08
Zn 1-3 500 86.9 81.65
Zr 5-4 000 94.1 85.94

Note: IC, EC - internal and external check samples.
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padoch st hodnoty susednych percentilov rovnaké (Se — spojené su 20. a 30., 40.
a 50., 60. a 70. percentil; Sn - 20. az 50., 60. a 70. percentil; Bi — 10. az 30., 40. a7
60., 70. a 80. percentil; Cd — 20. az 40., 60. a 70. percentil; Sb — 5. a 10., 30.— 40. per-
centil; P — 5. a 10., 50. a 60. percentil a Mo — 40. a 50. percentil). Rozsah koncentra-
cie zndzorneny farbou na mape a legenda k mape v takychto spojenych intervaloch su
vyjadrené farbou pre najnizsi zndzoriiovany percentil.

Bodové mapy

Bodovd mapa bola pouZitd len v pripade volfrimu, ktorého obsah ako jediného
z analyzovaného stboru prvkov bol vo viac nez 50 % pripadov pod hranicou
stanovitelnosti pouZitej analytickej metédy. Velkost krizku na bodovej mape vyjadru-
je koncentrdciu dané¢ho prvku. Zndzorneny je len obsah prevysujtci detekény limit.
PouZitych je 6 intervalov koncentra¢ného rozpitia jednotlivych tried. Spodny interval
je uzavrety hodnotou detekéného limitu. Horny interval je otvoreny. Hranice tried su
zadané empiricky, s ohladom na geochemické vlastnosti prvku, charakter jeho celko-
vej distribticie a platné environmentdlne normativy.

Zékladné Statistické spracovanie

Pre kazdy prvok su z celého siboru (24 432 vzoriek) vypocitané zdkladné Statistické
parametre z primdrnych analytickych ddajov. Uvddza sa aritmeticky priemer so
Standardnou odchylkou a pravdepodobnostou pri hladine vyznamnosti 95 %, me-
didn, geometricky priemer, minimdlna a maximdlna hodnota a hodnoty 25., 75. a 95.
percentilu. Pri kazdom prvku sa uvddza detekény limit a pocet nameranych hodnot
pod detekénym limitom. Distribticia koncentrdcie prvkov je udand v aritmetickej
stupnici. Pre kazdy prvok je uvedenych 30 tried, a to pre makroprvky (vyjadrené v %)
z celého suboru hodnodt a pre mikroprvky (vyjadrené v mg.kg™') bez posledného per-
centilu.
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4. PREHI'AD GEOLOGICKEJ STAVBY

Uzemie Slovenskej republiky je budované alpinskym pasmovym pohorim Zapadnych
Karpdt. Ich geografickd hranica na zdpade sa kladie do tidolia Dunaja, ale geologicky
zretelnejSia hranica medzi Vychodnymi Alpami je depresia zdpadne od Hundsheim-
skych vrchov, tzv. karnuntskd brdna. Hranica s Vychodnymi Karpatmi sa konven-
ciondlne kladie do tdolia rieky Uh. Severnd hranica Zdpadnych Karpdt je dand
erozivnym, zvac§a morfologicky zretelnym okrajom alpinskych prikrovov leZiacich na
karpatskom predpoli na Morave a v Polsku. Juznd hranica je menej zretelnd, lebo na
vnuitornom okraji Zapadnych Karpdt su vyvinuté rozsiahle niZiny vnikajtice hlboko do
horskej sustavy. Morfologicky ndpadny je severny okraj Velkej pandnskej niZiny na juh
od Bukovych hor a Matry, a preto je vhodné tieto horské skupiny zaradit k Zdpadnym
Karpatom, ¢o zodpovedd aj ich geologickej stavbe.

Stavba Zdpadnych Karpadt je zondlna. Mezozoické a terciérne formdcie v obluikovite
usporiadanych pasmach su produktom zloZitej tektonickej transformdcie kvalitativne
a Casovo odliSnych sedimentdrnych bazénov do vrdsovo-prikrovovych sustav, do
ktorych boli pojaté nickedy len sedimentdrne vyplne, inokedy aj ich pévodny podklad.
Varisky konsolidovany podklad v predpoli Karpdt a karpatskd terciérna predhlberi na
slovenskom uzemi nie su obnazené.

Podla veku vzniku alpinskej prikrovovej stavby sa Zdpadné Karpaty ¢lenia na vonkaj-
Sie — s neoalpinsky vyformovanymi prikrovmi — a na vnutorné — s paleoalpinskou,
predpaleogénnou prikrovovou stavbou. Podla niektorych inych kritérif je moZné ¢le-
nit Zdpadné Karpaty na vonkajsie, centrdlne a vntitorné. Zdakladnymi tektonickymi
hranicami su bradlové pdsmo a lubenicko-margecianska linia.

Vonkaj&ie Karpaty (flySové pasmo) predstavuju externu Cast Zdpadnych Karpdt. Tvo-
ri ich terciérna ststava bezkorennych prikrovov, t. j. od podkladu odlepenych
sedimentdrnych sekvencii presunutych na eurdpsku platformu. Poévodny podklad
tychto sekvencii nie je jednoznacne preukdzany. Ich charakteristickou ¢rtou je prevaz-
ne flySovd povaha mezozoickych a paleogénnych formdcif, prakticky tplnd nepritom-
nost predmezozoickych suvrstvi a len nepatrné rozsirenie poprikrovového pokryvu.
Elementy tohto pdsma pod neogénom Viedenskej panvy aj na zdépadnom Slovensku
nadvizujui na ,rynsko-dunajsky* flys Alp. FlySové pasmo pozostdva z troch skupin
prikrovov. Na tzemi Slovenska st zasttipené prikrovy strednej a vniitornej skupiny.
Strednu skupinu, t. j. krosniansko-menilitovu, tvori sliezska jednotka a duklianska
jednotka. Vnutornu skupinu prikrovov zastupuje viacprikrovovd magurskd jednotka.
Bradlové pdsmo je najzlozitejsim pasmom Zdpadnych Karpdt. Tiahne sa v podobe
lizkeho, na sever vyklenutého pdsu na rozhrani vonkajsich a vnutornych Karpat. Jeho
dne$nd podoba je vysledkom najméa terciérnej deStrukcie laramskej vrdsovo-
-prikrovovej ststavy. Charakteristickym znakom bradlového pdsma je uvedend
pozicia, nepritomnost predmezozoickych hornin, pestry vyvoj jury a kriedy, flySovy
vyvoj paleogénu a bradlovy tektonicky $tyl.

P4smo vntitornych Karpéat (vnttorné Karpaty) podIa trojdielneho ¢lenenia predstavu-
je centrdlne a vnutorné Karpaty. Vnutorné Karpaty su chdpané ako predgosauskd
vrdsovo-prikrovovd stistava vzniknutd Strukturdciou bazénov od kimerskych po medi-
terdnne fdzy, bez ohladu na povahu bazénov a poprikrovovi deformdciu. Vertikdlne
su rozvrstvené na prikrovovu sustavu a na nej leZiace poprikrovové vrchnokriedové az
neogénne sedimentdrne a vulkanické formdcie.

Do prikrovovej predgosauskej sustavy alpinskych tektonickych jednotiek su zahrnuté
aj krystalinicky podklad a mladopaleozoické sekvencie. Vo vntitornych Karpatoch
odlisujeme nasledujtice hlavné tektonické jednotky:

Tatrikum je obnaZené v jadrovych pohoriach a reprezentuji ho krystalinické horniny
a ich vrchnopaleozoicky a mezozoicky obal. Krystalinicky fundament tatrika vSeobec-
ne tvoria metamorfity stredného a vysokého stuptia (svorové ruly, ruly) a granitoidy.
V autochténnej obalovej pozicii su na kry$taliniku mladopaleozoické a mezozoické
sedimenty stratigrafického rozpétia perm aZ spodny turén. Mladopaleozoickd
sedimentdcia je zastupend klastickymi subormi hornin, ktoré svojim litologickym
charakterom v podstatnej Casti jednotiek zasahuju aj do bazdlnych Casti triasu. Stred-
notriasové stivrstvia su tvorené platformovymi karbondtmi, vdpencami a dolomitmi.
Vo vrchnom triase prevlddala klastickd sedimentdcia. V jure nastala vyraznd diferen-
cidcia sedimentacného priestoru. Tatrikum je najspodnejSia obnaZend tektonickd
jednotka Zapadnych Karpdt a predstavuje relativny autochtén pre vsetky jednotky le-
Ziace nad nim.

Veporikum. K tejto megastruktiirnej jednotke pocitame: 1. krystalinikum zdpadnej
¢asti Slovenského rudohoria, Kralovoholskych Tatier a Ciernej hory a jeho mladopa-
leozoicky a mezozoicky sedimentdrny obal, 2. sustavu prikrovov budovanych
mezozoickymi sekvenciami v pdsme jadrovych pohori leZiacich nad tatrikom.
Veporikum, pozostdvajlice z hercynskeho krystalinického podkladu a jeho obalu, je
nasunuté na tatrikum. Plochu ndsunu indikuje ¢ertovickd poruchovd zona (Certovic-
kd linia) a tzv. Gervend linia na juznych svahoch Dumbierskych Tatier. V juznej ¢asti
pozdlZ lubenicko-margecianskej linie sa veporikum pondra pod gemerikum. Vepori-
kum ¢lenime na severné a juzné. Vntitornd stavba kryStalinického fundamentu vepori-
ka je komplikovand a pozostdva z viacerych litotektonickych jednotiek (komplexov).
Su tu komplexy granitoidov a vysoko metamorfovanych hornin, ako aj komplexy niz-
ko metamorfovanych hornin starSicho paleozoika, ktoré su v severnom a v juznom ve-
poriku litologicky odliSné. Rozdielnosti si aj vo vyvoji mladSieho paleozoika
a mezozoika. V severnom veporiku mladopaleozoicky a mezozoicky obal md afinitu
ku krizianskému prikrovu. V juznom veporiku je mladopaleozoicky obal zastipeny
vrchnym karbénom a permom. Mezozoicky obal je zachovany len fragmentdrne. Po-
zostdva zo siliciklastickych sedimentov, spodnotriasovych kremencov, dolomitov,
krystalickych vdpencov a z rohovcovych vdpencov s Ciernymi vdpnitymi bridlicami
a zdsadne sa Ii8i od obalu pri severnom obmedzeni veporika najmé nepritomnostou
karpatského keuperu. Veporikum, ktoré reprezentuje skupina pripovrchovych prikro-
vov leziacich nad tatrikom, je definované ako kriziiansky prikrov (fatrikum) a md
jednotny vyvoj triasu (s charakteristickou fdaciou karpatského keuperu). V jurskom

4. AN OVERVIEW OF GEOLOGICAL STRUCTURE

Slovak territory is made up of the Alpine belt mountain range of the Western
Carpathians. Their western geographic limit lies in the Danube Valley, but a geologi-
cally more pronounced boundary with the Eastern Alps is a depression west of the
Hundsheim Mountains, the so-called Carnunthum Gate. The boundary with the
Eastern Carpathians is customarily placed in the Uh Valley. The Western Carpathians'
northern boundary is the erosional, mostly topographically conspicuous edge of
Alpine nappes resting on the Carpathian foreground in Moravia and Poland. The
southern boundary is less pronounced because vast lowlands on the inner edge of the
Western Carpathians stretch deep into the mountain range proper. The northern edge
of the Great Pannonian Lowland south of the Bikk and Matra Mountains is
topographically clearly visible and therefore these mountains should be regarded as
part of the Western Carpathians, an assignation supported also by their geological
structure.

The Western Carpathians have a zonal structure. The arched belts of their Mesozoic
and Tertiary formations resulted from a complex tectonic transformation of sedimen-
tary basins of different age and filled with different rocks into fold-nappe systems that
sometimes incorporated just the sedimentary fills, but sometimes also their original
basement. The Variscan-consolidated basement in the Carpathian foreground and
the Carpathian Tertiary Foredeep are not exposed in the Slovak territory.

According to the age of the formation of their nappe structure, the Western
Carpathians are divided into the Outer Carpathians with Neoalpine-formed nappes
and the Inner Carpathians with a Paleoalpine, pre-Paleogene nappe structure. Other
criteria permit to divide the Western Carpathians into the Outer, Central and Inner
Carpathians. The main tectonic boundaries include the Klippen Belt and the
Lubenik-Margecany line.

The Outer Carpathians (Flysch Belt) make up an external part of the Western
Carpathians. They consist of a system of rootless nappes, i.e. sedimentary sequences
detached from their basement and thrust onto the European Platform. The original
basement of these sequences has not been unambiguously identified. Their charac-
teristic features comprise the predominantly flysch character of their Mesozoic and
Paleogene formations, almost complete absence of pre-Mesozoic formations and the
negligible extent of a post-nappe cover. Beneath the Vienna Basin Neogene and in
western Slovakia the elements of this belt form an extention of the “Rhine-Danube”
flysch of the Alps. The Flysch Belt consists of three nappe groups of which only the
central and inner ones occur in Slovakia. The central, so-called Krosno-Menilte
Group is made up of the Silesian unit and the Dukla unit. The inner nappe group is
represented by the multi-nappe Magura unit.

The Klippen Belt is the most complex zone in the Western Carpathians. It is a narrow,
north-bent belt on the boundary between the Outer and Inner Carpathians. Its
modern shape resulted largely from Tertiary destruction of the Laramian fold-nappe
system. The characteristic features of the Klippen Belt include its location, absence of
pre-Mesozoic rocks, variegated Jurassic and Cretaceous formations, flysch
Paleogene and a klippen tectonic style.

The Inner Carpathian zone (Inner Carpathians), according to the three-zone division
Central and Inner Carpathians. The Inner Carpathians are considered a pre-Gosau
fold-nappe system formed by the structuring of basins during the Kimmerian to
Mediterranean stages, regardless of the basins’ character and post-nappe deforma-
tion. Vertically, the Inner Carpathians consist of the nappe system and overlying post-
nappe Late Cretaceous and Neogene sedimentary and volcanic formations.

The nappe pre-Gosau system of Alpine tectonic units includes also the basement and
Late Paleozoic sequences. The main tectonic units of the Inner Carpathians are as
follows:

The Tatricum is exposed in core mountains. It is made up of crystalline rocks and
their Late Paleozoic mantle. The Tatricum’s basement generally consists of medium-
and high-grade metamorphic rocks (mica-schist gneisses, gneisses) and granitoids.
On the basement rests the autochthonous mantle composed of Late Paleozoic and
Mesozoic sediments ranging in age from Permian to Early Turonian. The Late
Paleozoic deposition gave rise to detrital rocks whose lithologic character in most
units extends to the basal Triassic formations. The mid-Triassic formations are made
up of platform carbonates, both limestones and dolomites. The Late Triassic was
dominated by detrital deposition. In the Jurassic, the previously uniform basin of
deposition broke up into several quite different parts. The Tatricum is the lowermost
exposed tectonic unit of the Western Carpathians and therefore represents an
autochthonous unit relatively to all overlying units.

Veporicum. This megastructural unit comprises:

1. crystalline unit of the western Slovenské rudohorie Mts., Krdlova hola section of the
Tatry and Cierna hora Mts. and its Late Paleozoic and Mesozoic sedimentary mantle,
2. nappe system of Mesozoic sequences resting on the Tatricum in the belt of the core
mountains.

Composed of a Hercynian basement and its mantle, the Veporicum was overthrust
across the Tatricum. The thrust plane corresponds to the Certovica dislocation zone
(Certovica line) and the so-called Red line on the southern slopes of the Dumbier
tract of the Nizke Tatry Mts. In the south, the Veporicum plunges beneath the
Gemericum along the Lubenik-Margecany line. The Veporicum is divided into a
northern and southern part. The complex internal structure of the Veporic basement
is composed of several lithotectonic units (complexes). These include complexes of
granitoids and high-grade metamorphic rocks as well as complexes of Early Paleozoic
mildly metamorphosed rocks whose lithology in the northern Veporicum differs from
that in the southern Veporicum. The Late Paleozoic and Mesozoic formations also
display differences. In the northern Veporicum, the Late Paleozoic and Mesozoic
mantle shows affinity to the Krizna nappe. In contrast, the southern Veporicum’s Late
Paleozoic mantle is Late Carboniferous and Permian in age and the Mesozoic mantle
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cykle v prevaznej Casti krizinanského prikrovu prevlddala panvovd sedimentdcia,
charakteristickd pritomnostou tzv. flekenmerglu, rddioldriovych vdapencov, rddiolari-
tov a v prahovych vyvojoch prevlddajicimi krinoidovymi a piesCitymi vdpencami.
Spodnt kriedu zastupuje pelagické stvrstvie.

Hronikum predstavuje sustava prikrovov vyznacujlica sa jednotnym vyvojom
permokarbénskych kontinentdlnych sedimentdrno-vulkanickych formdcii s vyskytom
andezitov, a najma tholeiitickych bazaltov a fdcie sabcha vo vrchnej ¢asti permu. Pre
hronikum je charakteristicky diferencovany typ triasu a len lokdlne st zachované
jursko-spodnokriedové suvrstvia. Hronikum leZi v nadloZi jednotiek tatrika, veporika
a fatrika a v podloZi gemerika a vysSich prikrovov. O povodnom podklade hronika
moZno uvazovat na zdklade krystalinika zachovaného vo forme tektonickych
fragmentov v bazdlnej ¢asti spodného prikrovu tejto jednotky.

Gemerikum je predgosauskd tektonickd jednotka dalekosiahlo nasunutd na severnej-
Sie leziace veporikum. Cleni sa na dve subjednotky, severné a juzné gemerikum. Tie
sa navzdjom liSia litologickym zloZenim a dynamometamorfnym vyvojom predkar-
bénskych komplexov, ako aj vyvojom mladopaleozoického obalu. Severné gemerikum
je zloZené z hercynsky metamorfovanych, vysoko- i nizkostuptiovych komplexov,
s ktorymi je asociovany spodnokarbonsky flyS a ich vrchnokarbénsky (morsky)
a permsko-spodnotriasovy (kontinentdlno-lagundrny/sabchovy) pokryv. Juzné geme-
rikum je v podstatnej €asti zloZené zo staropaleozoickej vulkanosedimentdrne;j flySo-
vej sekvencie, hercynsky slabo metamorfovanej, ktord je uhlovo nesuhlasne prekrytd
permsko-spodnotriasovymi kontinentdlno-lagundrnymi formaciami.

Meliatikum pochddza z ocednskej alebo paraocednskej domény uzatvorenej vo vrch-
nej jure. Vystupuje len v niekolkych tektonickych okndch v Slovenskom krase a v izo-
lovanych prikrovovych zvySkoch pri severnom obmedzeni gemerika. Meliatikum
reprezentuje stibor tmavych {lovitych bridlic jurského veku s tenkymi vrstvami
tmavych a zelenkavocervenych rddiolaritov s vloZkami pieskovcov a sliefiovcov
a olistostrémami s olistolitmi triasovych, prevazne panvovych vdpencov, miestami aj
siliciklastickych sedimentov a bazaltov typu stredoocednskych riftov (MORB). K me-
liatiku sa povodne zaradovali aj rozli¢né karbonatické triasové suvrstvia prevazne
panvového typu s bdzickymi vulkanitmi, miestami metamorfovanymi na glaukofani-
ty. Tieto sedimenty charakteristické vysokotlakovou metamorfézou predstavuju pri-
krov Borky, ktory v tektonickych Supindch lemuje najmé juZny okraj paleozoika
gemerika. Stratigrafické rozpétie je perm az jura.

Turnaikum predstavuje skupina prikrovov, ktoré maju litostratigraficki ndplii
zodpovedajlicu povodnej pozicii medzi sedimentacnymi zénami silicika a meliatika,
t. j. svahovu az panvovu. Stratigrafické rozpétie je vrchny karbén az jura(?). DoleZité
su rudimentdrne zvySky vrchnokarbénskeho ,,olistostromového flysu®, diskordantne
prekryté kontinentdlnym permom. Charakteristickym znakom je aj metamorfné
postihnutie suvrstvi v podmienkach anchizény aZ fdcie zelenych bridlic. Prikrovy
turnaika vystupuju v oblasti Slovenského krasu, a to spravidla nad meliatikom a pod
silicikom.

Silicikum predstavuje najvyssiu severovergentnu prikrovovi jednotku, charakteri-
stickd austroalpinskym typom triasu. Jej zvysky leZia ako tektonické trosky zloZené
najma z karbondtov triasu, ktoré sa v minulosti povazovali za sticast gemerika. Silici-
kum vystupuje v Slovenskom krase, Galmuse, Stratenskej hornatine, Murdnskej pla-
nine a v niekolkych troskdch priamo na gemeriku a v pasme jadrovych pohori.
Poprikrovové formécie vatitornych Karpdt. O vyvoji vntitrokarpatského priestoru vo
vrchnej kriede je mdlo informdcii. Sedimenty leZia transgresivne a diskordantne na
svojom podloZi. St ekvivalentné gosauskej kriede Vychodnych Alp.

Predpokladad sa, Ze v obdobi paleocénu tizemie vniitornych Karpédt bolo zvacsa susou.
Paleocénne suvrstvia sti zachované v tektonicky obmedzenych pruhoch pozdiz vnu-
torn¢ho okraja bradlového pdsma a na rozsiahlejSom tzemi v Brezovskych Karpa-
toch. V paleocéne a v starSom eocéne vnutrokarpatskd predgosauskd pikrovovd
sustava podlahla deformdcidm.

Sedimenty vnttrokarpatského paleogénu su zoskupené do podtatranskej skupiny. T4
pozostdva z bazdlnych zlepencov, flovcov a z flySového suvrstvia s celkovou hribkou
az vySe 1 000 m. Vek skupiny je od kuisu po oligocén (v Handlovskej kotline az eger).
Dnesné rozsirenie podtatranskej skupiny indikuje, Ze vnttrokarpatskd prikrovovd sus-
tava, s vynimkou oblasti Slovenského rudohoria, bola v eocéne a oligocéne sedimen-
tatnym bazénom. Sedimenty budinskeho vyvoja (alebo madarského paleogénu)
zasahuju len okrajovo na tizemie juzného Slovenska.

Panvy a kotliny. Panvy a kotliny st vyraznymi morfostruktirami Zdpadnych Karpdt
a spolu s jadrovymi pohoriami ich moZno povazovat za jeden zo znakov celych Z4-
padnych Karpdt. Vznik panvi a kotlin v Zdpadnych Karpatoch zapadd do rdmca
geodynamickych procesov kontrolujtcich vyvoj karpatského obltika na sklonku paleo-
génu a pocas neogénu. Dne$ny obraz je najmé vysledkom vyvoja od stredného mio-
cénu. Vyvinuté st predoblikové (Viedenskd panva), medzioblikové (vnutrohorské
kotliny, vychodoslovenskd panva) aj zaoblikové panvy (podunajskd a juhoslovenskd
panva). Sedimenty su prevazne ,siliciklastické”, lokdlne s uhlim, pripadne s evaporit-
mi. Karbondty, zva¢sa organogénne, su velmi zriedkavé. Detriticky materidl pochddza
z dvihajuceho sa karpatského horstva, pripadne zo stvekych vulkanitov. Sedimenty vo
vacsich panvdch vytvdraji akumuldcie hrubé niekolko tisic metrov. Sedimentdcia
prebichala prevazne v morskom prostredi, ktoré sa postupne menilo na morsko-
-brakické, jazerné az riecne.

Neogénne vulkanity vystupujuce v oblasti stredného, juzného a vychodného Sloven-
ska st suc¢astou rozsiahlejsSieho vulkanického aredlu karpatského obluka a pandnske-
ho bazénu. Ich vznik spdjame s procesmi subdukcie a zaoblikovej extenzie v pricbehu
neogénneho vyvoja karpatského oblika. Stredno- aZ vrchnomiocénne (16,5-9 milié-
nov rokov) alkalicko-vdpenaté vulkanity orogénneho typu reprezentuje asocidcia od
bazaltov a7 po ryolity — prevlddaji intermedidlne pyroxenické, amfibolicko-
-pyroxenické, pyroxenicko-amfibolické a biotiticko-amfibolické andezity a Kkyslé
ryodacity a ryolity. Vulkanity sa vyvijali na susi, respektive v plytkomorskom prostre-
di. Pre andezitové vulkanity je charakteristickd stratovulkanickd stavba striedajicich

was preserved only in fragments. The Mesozoic here is made up of quartzy detrital
sediments, Early Triassic quartzites, crystalline limestones and cherty limestones with
black calcareous shales and is strikingly different from the mantle near the northern
edge of the Veporicum mainly because the Carpathian Keuper is missing in the
southern tract.

Part of the Veporicum composed of several near-surface nappes overlying the
Tatricum is referred to as the Krizna nappe (Fatricum). Its character is uniform in the
Triassic (its typical facies is Carpathian Keuper). The Jurassic cycle in the Krizna
nappe was dominated by basinal deposition whose characteristic rock types are so-
called Fleckenmergel, radiolarian limestones, radiolarites and in bank facies predom-
inant crinoidal and sandy limestones. The Early Cretaceous consists of a pelagic
formation.

The Hronicum is made up of a series of nappes characterized by uniform Permo-

Carboniferous subaerial sedimentary-volcanic formations with occurrences of
andesites and predominantly tholeiite basalts and the sabkha facies in late Permian.
The characteristic feature of the Hronicum is its differentiated Triassic and only local
presence of Jurassic-Early Cretaceous formations. The Hronicum overlies the
Tatricum, Veporicum and Fatricum and is overlain by the Gemericum and higher
nappes. The Hronicum’s original basement may be represented by tectonic fragments
preserved in the basal part of the its lower nappe.

The Gemericum is a pre-Gosau tectonic unit thrust northward over a long distance
onto the Veporicum. It is divided into two units, the northern and southern

Genericum, which differ from each other in their lithology and the dynamo-metamor-
phic history of their pre-Carboniferous complexes as well as in the history of their
Late Paleozoic mantles. The northern Gemericum consits of Hercynian-metamor-
phosed high- and low-grade complexes associated with an Early Carboniferous flysch
and their Late Carboniferous (marine) and Permian-Early Triassic (terrigegeous-
lagoonal-sabhka) cover. The southern Gemericum is mostly made up of an Early
Paleozoic volcano-sedimentary flysch sequence mildly metamorphosed in the
Hercynian era. It is angularly unconformably overlain by Permian-Early Triassic
subaerial-lagoonal formations.

The Meliaticum originated in an oceanic or paraoceanic domain closed in the Late
Jurassic. It is exposed in a few inliers in the Slovak karst and in isolated remnants of
nappes near the northern edge of the Gemericum. The Meliaticum consists of a series
of dark Jurassic shales with thin beds of dark and greenish-red radiolarites interca-
lated with sandstones and marlstones and with olistostromes with olistoliths of
Triassic, mostly basinal limestones and locally also silicic detrital sediments and
MORB-type (mid-ocean rift-type) basalts. The Meliaticum formerly included also
various carbonatic largely basinal-type Triassic formations with mafic volcanics, in
places metamorphosed to glaucophanites. Characterized by high-pressure metamor-
phism, these sediments form the Borky nappe whose tectonic slices line primarily the
southern edge of the Gemeric Paleozoic. The Meliaticum’s stratigraphic range is
Permian to Jurassic.

The Turnaicum is a nappe group whose lithology and stratigraphy reflect its original
location between the zones of deposition of the Silicicum and Meliaticum, i.e. slope
and basinal zones. Its stratigraphic range is Late Carboniferous - Jurassic (?).
Important are rudimentary remnants of a Late Carboniferous olistostrome flysch
unconformably overlain by the subaerial Permian. Another typical feature of the
Turnaicum is anchizonal and greenschist metamorphism. The Turnaic nappes
outcrop in the Slovak karst, usually above the Meliaticum and beneath the Silicicum.
The Silicicum is the uppermost north-vergent nappe unit characterized by the Austro-
Alpine-type Triassic. Its remnants form outliers composed primarily of Triassic
carbonates, which were formerly regarded as part of the Gemericum. The Silicicum is
exposed in the Slovak karst, Galmus, Stratend hornatina (Upland), Murédnska
planina (Plain) and in some outliers resting directly on the Gemericum and in the
core mountains belt.

Post-nappe formations of the Inner Carpathians. Information on the history of the
Inner Carpathian area in the Late Cretaceous is scarce. The sediments rest transgres-
sively and unconformably on the substratum. They are equivalent to the Gosau
Cretaceous in the Eastern Alps.

It is assumed that during the Paleocene the Inner Carpathian area was mostly dry
land. Paleocene formations are preserved in tectonically exposed belts along the inner
edge of the Klippen Belt and in a fairly large area in the Brezovské Karpaty Mts. In
the Paleocene and in Early Eocene, the Inner Carpathian pre-Gosau nappe system
was disturbed.

The Inner Carpathian Paleogene sediments make up the Subtatric Group. It consists
of basal conglomerates, claystones and a flysch formation whose thickness totals over

1,000 m. The group is Cuisian to Oligocene in age (up to Egerian in the Handlovd
Basin). The modern extent of the Subtatric Group suggests that in the Eocene and
Oligocene the Inner Carpathian nappe system, except for the Slovenské rudohorie
area, was a basin of deposition. Buda-facies sediments (or Hungarian Paleogene)
extend only marginally to southern Slovakia.

Basins and valleys. Basins and valleys are conspicuous topographic structures of the
Western Carpathians. Along with the core mountains, they can be regarded as a
feature typical of the entire Western Carpathians. The Western Carpathian basins and
valleys owe their origin to geodynamic processes controlling the evolution of the
Carpathian arc at the end of the Paleogene and during the Neogene. The present-day
state resulted mostly from the evolution since the Middle Miocene. The basins and
valleys include forearc (Vienna Basin), interarc (intramontane valleys, Eastern

Slovakian Basin) and backarc (Danube and South Slovakian basins) types. The
sediments are dominated by quartzy detrital ones, locally with coal or evaporites.
Carbonates, mostly organogenic, are very rare. The detrital material came from the
uplifted Carpathian mountains or from coeval volcanics. The sediments in major
basins are as much as several thousand metres thick. The deposition took place



sa ldvovych pridov, hyaloklastitovych brekcii, pyroklastickych brekcii, tufov
a hrubych epiklastickych brekcii, ktord v distdlnej zéne prechddza do komplexov
epiklastickych konglomerdtov a pieskovcov. V centrdlnej zone stratovulkdnov erézia
odkryla subvulkanické tdrovne s intruzivnymi telesami dioritov, granodioritov a diori-
tovych az granodioritovych porfyrov sprevddzanych prejavmi hydrotermédlnych pre-
mien a rudnej mineralizdcie. V pripade S$tiavnického stratovulkdnu sa vyvinula
mohutnd kaldera. Pre kysl¢ andezity, dacity, ryodacity a ryolity je charakteristickd for-
ma extruzivnych démov a krdtkych ldvovych pridov sprevadzanych akumuldciami
hrubych brekcif a tufov, vo vacsej vzdialenosti a v morskom prostredi aj epiklastickych
konglomerdtov a pieskovcov. Pliocénne az kvartérne (8-0,1 miliénov rokov) alkalické
vulkanity v oblasti juzného a stredného Slovenska su reprezentované najmé alkalicky-
mi olivinickymi bazaltmi a nefelinickymi bazanitmi, ktoré vystupuju vo forme dajok,
nekov, maarov, diatrém, troskovych kuZelov a lavovych pridov. Najmlad$im prejavom
vulkanizmu na Slovensku s vekom len okolo 130 000 rokov je vulkdn Putikov viSok pri
Novej Bani.

largely in a marine environment which gradually gave way to marine-brackish,
lacustrine and fluvial.

Neogene volcanics in central, southern and eastern Slovakia are part of a major
volcanic complex in the Carpathian arc and in the Pannonian Basin. Their origins are
associated with the processes of subduction and backarc extension during the
Neogene history of the Carpathian arc. Orogen-type Middle and Late Miocene (16.5
to 9 m.y.) alkali-lime volcanics comprise an assemblage ranging from basalts to
rhyolites. They are dominated by intermediate pyroxene, amphibole-pyroxene,
pyroxene-amphibole and biotite-amphibole andesites and acid rhyodacites and
rhyolites. The volcanics were deposited in subaerial or shallow marine environments.
The andesite volcanics typically have a stratovolcanic structure of alternating lava
flows, hyaloclastic breccias, pyroclastic breccias, tuffs and coarse epiclastic breccias
which, in the distal zone, grades into complexes of epiclastic conglomerates and
sandstones. In the stratovolcanoes’ central zones, erosion has exposed hapabyssal
levels with intrusive bodies of diorite, granodiorite, diorite porphyry and granodiorite
porphyry accompanied with hydrothermal alterations and ore mineralization. A huge
caldera formed in the Stiavnica stratovolcano. Acid andesites, dacites, rhyodacites
and rhyolites here typically form extrusive domes and short lava flows associated with
accumulations of coarse breccias and tuffs, further away from the volcanoes and
where deposited a marine environment also with epiclastic conglomerates and
sandstones. Pliocene and Quaternary (8 to 0.1 m.y.) alkali volcanics in southern and
central Slovakia include mainly alkali olivine basalts and nepheline basanites in the
form of dykes, necks, maars, diatremes, cinder cones and lava flows. The youngest
manifestation of volcanism in Slovakia approximately 130,000 years old is the
Putikov viSok volcano near the town of Novd Baiia.
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5. KVARTERNE SEDIMENTY

7 geochemického hladiska kvartérne sedimenty predstavuju doleZitu sticast Zivotné-
ho prostredia. Ich environmentdlny vyznam je aj v tom, Ze st doleZitymi kolektormi
zdsob podzemnych vod, objektom urbanistickych i polnohospoddrskych aktivit a po-
dobne. Poskytuju dolezitd informdciu o charaktere a rychlosti zvetrdvania znosovej
oblasti a jej vztahu k riecnemu sedimentu v povodi.

Kvartérne sedimenty na dzemi Slovenska zaberajui pomerne velkd plochu. Na mape
(obr. 5) su zobrazené tie sedimenty, ktoré majui hribku vacsSiu ako 2 m a plosne
zaberaju viac ako 5 x 5 km. Najvacsiu hribku maju kvartérne sedimenty na tektonicky
poklesdvajucich tzemiach (Podunajskd niZina, Vychodoslovenskd niZina) a naopak,
v horskych oblastiach bud chybaju, alebo tvoria prevazne deluvidlne pokryvy s malou
hribkou. Na litofacidlne zloZenie kvartérnych sedimentov zna¢nou mierou vplyvali aj
nickolkondsobné zmeny klimy pocas pleistocénu. Tieto zmeny neboli rovnaké na ce-
lom Slovensku, ktorého tizemie patri do troch oblasti: pandnskej (Podunajskd niZi-
na), baltickej (Vychodoslovenskd niZina) a prechodnej (juhoslovenské kotliny).
Kvartérne sedimenty su vylu¢ne kontinentdlneho povodu. Vzhladom na geomorfo-
logicku ¢lenitost tizemia Slovenska sa rozdeluju na vysokohorské, stredohorské a ni-
7Zinné. Z genetického hladiska su zastipené glacigénne, fluvidlne, proluvidlne,
deluvidlne a eolické sedimenty a podobne.

Vysokohorskd oblast (nad 1 500 m n. m.) je charakterizovand pritomnostou najméa
glacidlnych, glacifluvidlnych a svahovych sedimentov.

Glacidlne sedimenty st zasttipené ¢elnymi a spodnymi morénami vysokohorskych la-
dovcov (glinz—wiirm) najmé v Zdpadnych, Vysokych a Belianskych Tatrdch, menej
v Nizkych Tatrdch. Ich hribka sa pohybuje obvykle do 20 m, mladSie morény aj nie-
kolko desiatok metrov (maximédlne v§ak okolo 150 m). V koreiovych zénach ladovcov
su prevazne hrubotlomkovité az blokovité, bez jemnejSej vyplne, v spodnejSich ¢as-
tiach su s ostrohrannou hlinito-pies¢itou az drobnotlomkovitou vypliiou.
Glacifluvidlne sedimenty vytvdraju rozsiahle akumuldcie v predpoli glacidlnych
sedimentov s hribkou 5 a7 30 m, miestami azZ do 80 m. Ich materidl je v smere toku
diferencovany. Na styku s glacidlnymi sedimentmi obsahuji mnoZstvo hrubého ma-
teridlu, ktory sa postupne vytrieduje a rozmery jednotlivych frakcii sa zmenSuju.
S dizkou transportu sa zvysuje aj stupeii opracovania.

Svahové sedimenty tvoria hruboulomkovité az balvanovité sedimenty akumulované
na svahoch pohori a pri ich tpatiach. Geneticky sem patria akumuldcie skalnych zru-
teni, osypov, osypovych kuZelov, kamennych pridov a mori, ako aj sutinové kuZele
a prudy. Najvacsie plosné rozsirenie aj hribku majui osypy a osypové kuZele. Ich
hribka sa pohybuje od niekolko metrov az do mnoho desiatok metrov. Tvoria ich ka-
mene, balvany az bloky hornin (niekedy s velkostou az niekolko m?), nepravidelne ulo-
7ené, bez jemnejSej vyplne.

Stredohorskd oblast zaberd podstatnu ¢ast tizemia Slovenska. Patria do nej oblasti,
ktorych vrcholy nepresahuju 1 500 m n. m. a medzihorské kotliny. Z geologického hla-
diska ide o cast flySového pdsma, €ast jadrovych pohori, bradlové pdsmo, pdsmo
centrdlnych Karpdt a vulkanickych pohori. Medzi zékladné genetické typy tejto oblas-
ti patria deluvidlne, proluvidlne a fluvidlne ndplavy horskych tokov a v obmedzenej
miere sprasoidné sedimenty.

Deluvidlne sedimenty v zdvislosti od charakteru podkladu a strmosti svahu vytvdraji
rozdielne akumuldcie. Pri ipéati svahov a vo svahovych depresidch dosahuju hribku
nickolko metrov (miestami aj nad 10 m), zatial ¢o na elevdcidch, v strmych a hornych
Castiach svahov je hruibka deltvii mald (¢asto menej ako 3 az 2 m). Na jemnozrnnych
sedimentoch neogénneho a paleogénneho podloZia sa vytvdraju flovito-hlinité delu-
vid s roznym obsahom S$trkovitej a piescCitej frakcie. Na mezozoickom podklade sa
vytvdraju hlinité, kamenito-hlinité aj kamenité sutiny. Kamenité, pripadne aZ balvano-
vité sutiny sa vyskytujui najmi na strmych a skalnatych svahoch karbondtovych hor-
nin, kremencov a kremitych alebo vdpnitych pieskovcov. Zndzornenie tychto
sedimentov na mape je schematické.

Proluvidlne sedimenty vytvdraju kuZelovité telesd, spojené pripadne aj do nestvislych
pokryvnych pldstov, ktoré boli naplavené privalovymi vodami pri tpatiach pohori.
V proluvidlnych sedimentoch su zasttipené Strkovité, piescité aj jemnozrnné zeminy.
Zo strany od pohoria su nevytriedené, resp. striedaju sa v nepravidelnych polohdch,
pricom tu prevlddaju stredné a hrubé, niekedy aZ balvanovité, prevazne stredne az sla-
bo opracované Strky s men$im zastipenim neopracovanych ulomkov. Hribka
akumuldcii proluvidlnych sedimentov dosahuje obvykle 10 az 20 m, v tektonicky po-
klesnutych depresidch s kvartérnou vypliiou az niekolko desiatok metrov. Hribka naj-
mladsich proluvidlnych akumuldcii nepresahuje 5 a7z 7 m.

Fluvidlne nédplavy horskych tokov tvoria dnovu vyplii dolin horskych tokov Slovenska.
Maju charakter hrubych az balvanovitych Strkov, prekrytych ¢asto hlinitymi, resp.
piescito-hlinitymi sedimentmi s hribkou do 5 m, miestami 10 m.

Sprasoidné sedimenty maju v stredohorskej oblasti obmedzené rozsirenie. Vyskytuji
sa na styku Trnavskej a Nitrianskej pahorkatiny s jadrovymi pohoriami a Vychodoslo-
venskej niZiny s neovulkanickymi pohoriami. V stredohorskej oblasti prevlddaju delu-
vidlne sprase. Hribka (2-10 m) vzrastd smerom k tpatiam svahov.

NiZinnd oblast reprezentuje sedimenty Zdhorskej, Podunajskej a Vychodoslovenskej
niZiny. Fluvidlne sedimenty su viacerych typov: riecne terasové stupne, ndplavy ni-
Zinnych tokov a vyplne mladych tektonickych depresii. Hribka fluvidlnych akumuld-
cif terasovych stupiiov niZin je obvykle niekolko metrov, ojedinele nad 10 m. Hlavnui
akumuldciu tvoria Strkovité sedimenty s roznym podielom jemnozrnnej alebo piesci-
tej frakcie. Tento podiel zdvisi od hydrodynamickych podmienok depozicie sedimen-
tov. Terasové sedimenty byvaju ¢asto prekryté hrubsimi jemnozrnnymi prachovitymi
alebo piescitymi sedimentmi iného povodu (napr. eolickymi, deluvidlnymi alebo
proluvidlnymi sedimentmi). Plo$ne najrozsirenej$im typom kvartérnych sedimentov
na tzemi Slovenska st ndplavy niZzinnych tokov. Charakteristické je zastipenie troch
facidlnych komplexov: hrubozrnné sedimenty rie¢neho koryta (korytovd fd-
cia), jemnozrnné sedimenty tidolnej nivy (nivnd fdcia) a sedimenty mrtvych ramien.

5. QUATERNARY SEDIMENTS

From a geochemical point of view, Quaternary sediments are an important part of the
environment. Their environmental role results from the fact that they are major
aquifers, objects of urbanistic and agricultural activities, etc. They provide significant
information on the character and rate of weathering in the source area and on its
relationship to stream sediments in the drainage basin. Quaternary sediments in
Slovakia cover a fairly large area. Only sediments more than 2 m thick and covering
an area in excess of 5 by 5 km are illustrated on the map (Fig. 5). The greatest
thicknesses of Quaternary sediments are found in down-faulted areas (Danube and
Eastern Slovakian lowlands). By contrast, in mountainous terrains they are missing
completely or form just a deluvial cover of limited thickness. The lithofacial composi-
tion of the Quaternary sediments was considerably influenced by repeated climatic
changes during the Pleistocene. These changes were not uniform throughout Slovak
territory which belongs into three regions: Pannonian (Danube Lowland), Baltic
(Eastern Slovakian Lowland) and transitional (Southern Slovakian basins). All
Quaternary sediments in Slovakia are of continental origin. Given the geomorpho-
logical variability of Slovak territory, they are divided into high-altitude mountainous,
moderate-altitude mountainous and lowland ones. Genetically, the sediments are
classified as glacial, fluvial, proluvial, deluvial, aeolian, etc.

The high-altitude area (above 1,500 m) is characterized mainly by the presence of
glacial, glacifluvial and deluvial sediments. The glacial sediments consist of frontal
and ground moraines of high-altitude glaciers (giinz - wiirm), notably in the Zdpadné
(Western), Vysoké (High) and Belianske Tatry and to a lesser extent also in the Nizke
(Low) Tatry Mts. They are largely up to 20 m, younger moraines even several tens of
metres thick, the maximum thickness being about 150 m. The glacier root zones are
dominated by coarse clastic to blocky till without fine matrix. Lower tracts have
angular soil-sandy and fine detrital matrix.

5 to 30, locally up to 80 m thick, the glaciofluvial sediments form extensive accumu-
lations in the foreground of the glacial deposits. Their material is differentiated
downstream. At the contact with the glacial till they are rich in coarse material, which
further downslope gradually becomes sorted and finer. The longer transport it
underwent, the more rounded the glaciofluvial material is.

The deluvial sediments are coarse-clastic to bouldery, accumulated on the slopes and
at the foot of mountains. From a genetic point of view, they include deposits of rock
falls, talus, talus cones, rock flows and seas of rock, debris cones and debris flows. Of
these, the talus accumulations and cones attain the greatest thicknesses which vary
from several metres to many tens of metres. They consist of irregularly deposited
stones, boulders to blocks of rock (sometimes several m? in size) without finer matrix.
The mountain terrains of moderate altitude occupy the majority of Slovak territory.
They comprise areas whose summits do not exceed 1,500 m plus intermontane
depresssions. Geologically, the category includes parts of the Flysch belt and the core
mountains as well as the entire Klippen belt, Central Carpathians and volcanic
mountains. Major genetic types of this group are deluvial, proluvial and fluvial
deposits of mountain streams and to a limited extent also loess sediments.

The deluvial sediments form accumulations of various types depending on the
character of the underlying rock and slope gradient. At the foot of slopes and in slope
depressions their thickness attains several metres (in places over 10 m), whereas in
elevated areas and on steep and upper portions of slopes the deluvia are thinner
(often less than 2 - 3 m in thickness). Clayey-loamy devulia with a variable propor-
tion of the gravel and sand fraction form on fine-grained sediments of Neogene and
Paleogene age. Mesozoic substratum gives rise to loamy, stony-loamy and stony
talus. Stony and/or bouldery talus occurs mainly on steep and rocky slopes made of
carbonate rocks, quartzites and quartzy or calcareous sandstones. These sediments
are schematically illustrated on the maps.

The proluvial sediments form conical bodies sometimes connected with each other to
form a discontinuous cover deposited by torrential waters on the foot of mountains.
The proluvial sediments involve gravelly, sandy as well as fine-grained loams. Close
to the mountains they are nonsorted or alternating in irregular layers dominated by
medium and coarse, sometimes even bouldery, moderately to poorly rounded gravels
with a smaller proportion of angular fragments. The proluvial sediment accumula-
tions are largely 10 to 20 m thick, in down-faulted depressions with Quaternary fill
their thickness attains several tens of metres. The youngest proluvial accumulations
are less than 5 to 7 m in thickness.

The fluvial deposits of mountain streams form bottom fill composed of coarse to
bouldery gravels frequently covered by loamy or sandy-loamy sediments up to 5 m,
locally even 10 m thick.

Loess sediments are of limited extent in the moderate-altitude area. They occur at the
contact of the Trnavskd and Nitrianska pahorkatina Hills with the core mountains
and that of the Eastern Slovakian Lowland with Neogene volcanic mountains. The
moderate-altitude area is dominated by deluvial loess. Its thickness (2 - 10 m)
increases towards foothills.

The lowland area includes sediments of the Zdhorie, Danube and Eastern Slovakian
lowlands. Fluvial sediments here are of several types: fluvial terraces, deposits of
lowland water courses and fills of young tectonic depressions. The fluvial terrace
accumulations are mostly several metres, rarely over 10 m thick. The bulk of the
accumulations consists of gravel sediments with a variable proportion of fine-grained
or sandy fraction. This proportion depends upon the hydrodynamic conditions of the
deposition. The terrace sediments are often overlain by coarser fine-grained silty or
sandy sediments of different origin (e.g. aeolian, deluvial or proluvial sediments). The
areally most widespread type of Quaternary sediments in Slovakia are deposits of
lowland water courses. They typically involve three facies components: coarse-
grained stream-bed sediments (stream-bed facies), floodplain fine-grained sediments
(floodplain facies) and oxbow-lake sediments. The stream-bed sediments form a



sysodap olueblio
Auswipas gyoluebio

auoIsaWl| Jajem-ysal}
aouadeA uUpoAOYpE|S

papIAIpuUN - X004 Aleussienp-aid

QuauajQau - npepjpod oyaulaueaypald Aujuioy

mo;cnmww..

pues uejjoae
Ajsaid 9yolj08

sysodap onuNnaje ueljose
Auswipas aaoyoeud 9yo1j09
S90E119) JO Ss)isodap [elAny
seJa) Ajuswipas aujelAn)}
susodap [eiAnyy

Auswipas aujeianyy
susodap uej |eiAn|je
Auawipas aujeianjold
sysodap adojs

Ajuswipas 9AoyeAS
syisodap |eianjjoloe|6
Auawipas aujeianjoe|b
syisodap |eloe|b

Auswipas aujeroe|b

DERROROO0EE

aN3o3a

n&%oi

o® @0

©
SaA "N "ds

©

eQ0A97

000 06 : | dew yofxoiB6ojoab e ¢/61 | ANSAOMSEA ‘6/61°G961 "IN BInelN :sdew jo uopeoljdde yum
/9611210 “O uesnd ‘Gg6L e 10 ‘N OM29|3 QB 8861 °CL6L A oeueg  :Aocsone dew wyniznod S

 :Ag pajidwon
(6661 )eroueiny v -INB1S07

sjisodap Aieulajenp jJo sadA} on3auab jo depy
Aojuawipas YyosAuidnieay AodA} yoAyoniauab edeyy

27




28

Sedimenty rie¢neho koryta vytvdrajui spodny, 6 az 10 m hruby komplex $trkov, pies-
Citych Strkov a pieskov. Facidlny komplex tidolnej nivy tvori povrchovi ¢ast ndplavov.
Ide o ilovité az piescité sedimenty hribky 3 aZz 5 m. Stavba kvartérnych fluvidlnych
sedimentov v mladych tektonickych depresidch a v tektonicky poklesdvajicich ¢as-
tiach niZin je viaccyklickou stavbou. V centre Podunajskej niZiny, v oblasti Baka
— Gabcikovo, sa geofyzikdlnymi meraniami zistila hribka fluvidlnych sedimentov az
500 m.

Suvislejsie pokryvy sprasovych a sprasoidnych sedimentov sa vyskytujui na pahorka-
tindch a terasovych stuptioch riek. Na okrajovych ¢astiach niZin, na styku s prilahlymi
pohoriami, sa vyskytuju sprasoidné sedimenty, ktoré potom siahaju na vizemie stredo-
horskej oblasti. Sprasové sedimenty sa delia na typické piescité a flovité sprase. Pre-
vlddajuce zrnitostné zloZenie typickych sprasi sa pohybuje v medziach 20-63 um.
Piescité sprase su charakteristické dominantnou zmesou zrn velkosti 20-60 wm
a 200-500 um. Dominantnou frakciou flovitych sprasi je aj prachovitd frakcia, ale ob-
sah flovitej je 25-30 % (zrnitost menSia ako 2 um).

Eolické piesky sa koncentrujui predovSetkym v nizsie poloZenych Castiach niZin, naj-
mi pozdlZ vacsich tokov. Smerom k pahorkatindm sa ich hribka aj plosny vyskyt
zmen8uje. Vytvdraju bud ploché, morfologicky médlo ¢lenené pokryvy, alebo pre ne
typicky, intenzivne Clenity dunovy reliéf. Najmens$iu hribku dosahuji piesky agra-
dac¢nych valov v inunda¢nom tizemi riecky Moravy (asi 2,5 m), na terasdch a7z do 10 m.
V dundch a zloZitych presypoch lokdlne presahuje ich hribka 20 az 30 m. Hribku do
50 m maju viate piesky uloZené v tektonicky poklesnutych kvartérnych depresidch,
ktoré zvycajne vypliiuju spolo¢ne s fluvidlnymi alebo proluvidlnymi sedimentmi v Z4-
horskej niZine. Vicsina akumuldcii eolickych pieskov je pozdiZzneho tvaru smeru
JV-SZ, ¢o je podmienené prevlddajicim smerom vetrov. Eolické piesky su casto
premodelované ¢innostou vody a niekedy obsahuju primes drobnych $trkovych zin
alebo prachovito-flovitych ¢astic. Opracovanie a stupefi vytriedenia zdvisi od dlzky
eolického vyvoja pieskov. V centrdlnej ¢asti niZiny su jemnozrnné alebo strednozrnné,
dobre opracované a dobre vytriedené (rovnozrnné). Tvoria ich prevazne kremenné zr-
nd (nad 90 %), niekedy je zastipeny Zivec (do 5 aZ 10 %) a tazké minerdly.

Sedimenty lokdlneho vyznamu. Medzi sedimenty, ktoré maji pre tvorbu rie¢nych
sedimentov a ich chemické zloZenie lokdlny, ale velky vyznam, patria sladkovodné va-
pence, raseliny a antropogénne sedimenty. Vyskytuju sa vo vsetkych oblastiach. Po-
vod antropogénnych sedimentov je uzko spojeny s hospoddrskou c¢innostou.
Najcastejsie sa vyskytuju sklddky domového a priemyselného odpadu, haldy a odka-
liskd a iné. Najrozsirenejsie su sklddky odpadu, najmé neriadené, divoké sklddky, pre-
vazne opustené, Ciasto¢ne rekultivované. V materidli sklddok prevazuje odpad
z domdcnosti a stavebnych demoldcii. Hribka takychto sklddok je rozli¢nd, dosahu-
je do 7 m. V rokoch 1992-1994 bolo na tzemi Slovenska zaregistrovanych 8 389
takychto sklddok.
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lower complex of gravels, sandy gravels and sands 6 - 10 m in thickness. The deposits
are topped by the 3- to 5-m-thick floodplain facies complex consisting of clayey and
sandy sediments. The structure of the Quaternary fluvial sediments in young tecton-
ic depressions and down-faulted tracts of lowlands has a polycyclic pattern. In the
Baka - Gabcikovo area in the central Danube Lowland, geophysical survey has
revealed that the fluvial sediments are as much as 500 m thick.

A more continuous cover of loess and loessy sediments is found in hilly terrains and
on river terraces. On the margins of lowlands, at the contact with adjacent mountains
occur loessy sediments which extend into the moderate-altitude mountainous area.
The loess sediments invlolve typical sandy and clayey loess. The typical loess
grainsize ranges between 20 and 63 um. The sandy loess is characterized by grainsizes
from 20 - 60 um to 200 - 500 um. The clay loess is dominated by the silt fraction, but
the clay one accounts for 25 to 30 % (grainsize below 2 um).

Aeolian sands concentrate mainly in low-lying tracts of lowlands, mostly along major
water courses. Their thickness and areal extent diminish towards hilly terrains. They
form either a flat, morphologically little dissected cover or a characteristic rolling
dune relief. Levee sands in intermittently inundated areas of the River Morava have
the smallest thickness (approx. 2.5 m), but on terraces it attains up to 10 m. In
ordinary and complex dunes they are locally more than 20 - 30 m thick. Aeolian sands
in the Zdhorie Lowland accompanied by fluvial or proluvial sediments in down-
faulted Quaternary depressions are up to 50 m in thickness. Qwing to the prevailing
winds, the majority of the aeolian sand accumulations are elongate, trending SE -
NW. The aeolian sands are often reworked by water and sometimes contain an
admixture of small gravel pebbles or silt-loess particles. The reworking and sorting of
the sands depend upon the duration of their aeolian history. In the centre of the
lowland they are fine- or medium-grained, well rounded and sorted (even-grained).
The vast majority of their grains consists of quartz (over 90 %), sometimes accompa-
nied by feldspar (up to 5 - 10 %) and heavy minerals.

Sediments of local importance. Sediments which are of local, but great importance
for the formation of stream sediments and their chemistry comprise freshwater
limestones, peat and man-made sediments. They have been recorded in all the areas.
The origin of the man-made sediments is closely related to economic activities. The
most widespread are household- and industrial-waste landfills, dumps, tailings
dumps, etc. Of these, waste dumps are most abundant, notably uncontrolled, wild,
mostly abandoned, often lacking reclamation. The prevailing waste-dump materials
are household waste and building materials from demolitions. The waste dumps are
of various thickness, up to 7 m. Between 1992 and 1994, 8,389 such waste dumps
were registered in Slovak territory.
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Tab. 4 Priemerny obsah oxidov hlavnych prvkov a vybranych vedlajsich prvkov v réznych geologickych prostrediach — udaje z literatury.
Tab. 4 The average concentrations of oxides and selected minor elements in different geological environments — data from literature.

(1 - Wedepohl, K. H., 1969, 2 - Bouska, V. et al., 1980, 3 - Cadek, J., Moldan, B. in Svoboda, J. et al., 1983, 4 - Koljonen, T. (editor), 1992, 5 - Taylor, S. R., 1964,
6 - Turekian, K. K., Wedepohl, K.H., 1961, 7 - Polanski, A., Smulikowski, K., 1978, 8 - Taylor, S. R., Mc.Lennan, S. M., 1985, 9 - White, A. J.R., Chappel, B. W., 1983,

10 - Pettijohn, F. J., Potter, P. J., Siever, R. 1972, 11 - Ure, A. M., Berrow, L. M., 1982)

Ag Al203 As B Ba Be Bi Ca0 Cd Ce Co
(mg.kg"') (%) (mg.kg”) | (mg.kg') | (mg.kg”) | (mg.kg”) | (mg.kg) (%) (mg.kg”) | (mg.kg?) | (mg.kg"')
Kontinentalna kéra  Continental crust 0,088 15,98 1,08 108 2508 1,58 0,068 7,48 0,0988 338 298
Vrchna kora Upper crust 0,058 15,28 1,58 158 5508 3,048 0,1278 4,28 0,098¢8 648 108
Ultrabazické horniny Ultramatic rocks 0,063 3,834 1,08 51 0,43 0,34 0,014 3,534 0,13 34 1503
Bazické horniny Mafic rocks 0,113 14,743 1,5 8! 253! 1,08 0,0073 10,68 0,223 483 483
Diority / andezity Diorites/Andesites 16,4/17,3" | 2,1 714 1,51 8,40/7,92 -/60"
Granodiority / dacity Granodiorites/Dacites 15,7/15,6 151/ 873! 2,08 3,56/5,531 34,21/
Granity / ryolity Granites/Rhyollites 13,9/13,0" | -/3,5 121241 7321 3,08 0,84/0,68" | 0,1-0,21 -/441
Granitoidy Granitoids 0,04 14 471 1,51 101 8731 5,01 0,11 1,991 0,15 1151 2
Droby Greywackes 13,570 35! 5668 0,62 2,52 62! 178
Pieskovce Sandstones 0,013 4,73-7,04 1,013 30! 3004 0,74 0,054 3,522 0,013 33! 0,334
Bridlice a ilovce Shales, Claystones 0,073 15,13 13,0134 13014 5461 <3 0,254 3,112 0,8 671 193
Karbonatové horniny Carbonatic rocks 0,013 0,793 1,013 203 90! 0,13 42,23 0,0353 11,53 0,13
Vapence Limestones 0,014 1,01 2014 904 0,54 0,14 53,14 0,0356 6,5 0,14
Ruly Gneisses 12-24" 2,0 51 430-1050" | 3,5 0,04 3,31 0,14
Fylity Phyllites 12-20" 318 6438 0,158 2,3-4,01 468 33,48
Amfibolity Amphibolites 8-22! 2,21 251 67-8171 2,21 4,51
FeOr Ga Hg K20 La Li MgO MnO Mo Naz0 Ni
(%) (mg.kg") | (mg.kg") (%) (mg.kg") | (mg.kg") (%) (%) (mg.kg) (%) (mg.kg)
Kontinentalna kéra  Continental crust 9,18 188 2,55 168 1318 5,38 0,198 1,21 3,18 1058
Vrchna kora Upper crust 4,58 178 0,024 3,48 3048 20148 2,28 0,084 1,58 3,08 208
Ultrabazické horniny Ultramatic rocks 12,143 1,53 0,044 0,64 14 0,X8 33,833 0,141 0,3134 0,68 200034
Bazické horniny Mafic rocks 11,133 173 0,09 1,03 153 173 7,63 0,193 1,53 2,43 1303
Diority / andezity Diorites/Andesites 9,4/8,6' 171 2,12/2,041 | -/31" 20"/- 6,12/4,36" | 0,18/0,15'" | 1,0 2,61/3,58! | -/181
Granodiority / dacity Granodiorites/Dacites | 3,8/5,0" 181 2,87/2,67" | 25,3"/- 20/- 1,57/2,12' | 0,05/0,121 | 1,08 3,44
Granity / ryolity Granites/Rhyollites 2,4/1,91 18,5 0,08 4,50/4,58" | -/281 301/- 0,52/0,32' | 0,03/0,08" | 1,38 3,48/3,38" | 0,55/< 6!
Granitoidy Granitoids 3,19 16" 0,07 4111 61 38! 0,88 0,06" 1,31 3,48 51
Droby Greywackes 4,942 18,38 1,98 331 2,11 0,0891 0,28 2,92 401
Pieskovce Sandstones 1,272 84 0,03 1,321 171 381 1,171 0,021 0,314 1,41 211
Bridlice a ilovce Shales, Claystones 6,472 208 0,413 3,241 45 663 2,44 0,1134 2,04 1,323 671
Karbonéatové horniny Carbonatic rocks 0,493 2,51 0,0413 0,33 13 51 7,793 0,143 0,413 0,053 203
Vapence Limestones 0,6 0,031 0,311 41 0,664 0,071 0,34 0,171 1,51
Ruly Gneisses 7,071 161 3,16 0,0771 0,5 351
Fylity Phyllites 8,298 178 3,88 22,28 5,188 0,1038 1,21 1,028 4848
Amfibolity Amphibolites 12,871 191 7,411 0,203
Sh Se SiO; Sn Sr TiO2 Tl vV w Y Zn
(mgkg) | (mgkg?) | (%) | (mgkg?) | (mgkg?) | (%) | (mgkg?) | (mg.kg?) | (mgkg) | (mg.kg?) | (mg.kg*)
Kontinentalna kéra  Continental crust 0,28 0,058 57,38 2,58 2608 0,98 0,368 2308 1,08 208 807
Vrchna kora Upper crust 0,284 0,0548 66,08 5,58 3508 0,58 0,758 608 2,08 228 718
Ultrabazické horniny Ultramatic rocks 0,1134 0,13 43,813 0,513 104 1,71 0,07-0,3' | 804 0,1-0,8! 24 561
Bazické horniny Mafic rocks 0,1-0,2! 0,13 48 41 1,21 4653 2,33 0,05-0,7" | 2503 0,5-1,0! 213 1053
Diority / andezity Diorites/Andesites 0,21 -/0,008! 51,9/54,2" | 1,3 472/4311 1,5/1,31" | 0,7/0,3 1481/- 0,157 -/35 70!
Granodiority / dacity Granodiorites/Dacites | 0,2 0,21/- 66,3/63,6" | 1,81/ 457/3171 | 0,57/0,64' | 1,4/0,9 93/99! 2,71- 24,61/ 52,4/611
Granity / ryolity Granites/Rhyollites 0,21 0,21/- 72107371 | 4 147/115' | 0,37/0,20' | 0,6-3,5 721/- 2,01/- -/28' 48/70"
Granitoidy Granitoids 0,24 0,05 70,18 311 440" 0,54 1,95 721 2,21 391 53,31
Droby Greywackes 66,72 2188 0,6 0,3 1478 311
Pieskovce Sandstones 0,054 0,05-0,086 | 78,6° 0,64 1004 0,38 1,01 2034 1,613 1514 204
Bridlice a ilovce Shales, Claystones 1-21 0,613 58,12 514 2504 0,871 0,9 13034 1,91 3014 1004
Karbonatové horniny Carbonatic rocks 0,23 0,083 513 0,13 61036 0,141 0,05 2036 303 203
Vapence Limestones 0,154 0,05-0,086 | 6,64 0,34 5004 0,074 0,054 154 0,6'3 3,8 20"
Ruly Gneisses 64,8 69-600" 0,5 0,1-0,8! 56,6' 65!
Fylity Phyllites 3,11 60! 10,68 63! 0,518 0,27-0,66" | 1288 4,71 258 40
Amfibolity Amphibolites 50,3 150-300" | 1,6 0,43-3 4,01 1591
Cu F Pb Rb Cr P05 Zr
(mg.kg") | (mg.kg”) | (mg.kg”) | (mg.kg”) | (mg.kg"') (%) (mg.kg)
Kontinentalna kora  Continental crust 758 88 328 1858 1008
Vrchna kora Upper crust 258 6504 208 1128 358 0,214 1908
Ultrabazické horniny Ultramatic rocks 404 10013 0,3 0,21 23004 0,05134 4514
Bazické horniny Mafic rocks 873 3901 31 303 1703 0,253 120"
Diority / andezity Diorites/Andesites 50/55! 400/210! 5-151 88! 25-100"1 0,35/0,28" | -/120!
Granodiority / dacity Granodiorites/Dacites | 13/6 870'/- 151/- 122/551 -/18! 0,21/0,17" | 140/150!
Granity / ryolity Granites/Rhyollites 13/6 870/480! 23,6/24! 170/191" 1-30" 0,20/0,13' | 175/388!
Granitoidy Granitoids 13,5 800! 231 1701 341 0,191 1701
Droby Greywackes 301 1801 9,78 75,38 758 0,13 3871
Pieskovce Sandstones 10-201 2004 1014 461 3534 0,061 2041
Bridlice a ilovce Shales, Claystones 39 7403 23,3 1641 903 0,15 16034
Karbonéatové horniny Carbonatic rocks 6134 3303 51 3 113 0,068 181
Vapence Limestones 2201 5-81 44 1-16" 0,071 204
Ruly Gneisses 22! 171 186! 88! 0,221 176!
Fylity Phyliites 518 11,78 288 7408 0,171 138!
Amfibolity Amphibolites 66,6 800! 16" 2201 0,30 1271
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Tab. 3 : Zakladné matematicko-Statistické charakteristiky 16 skupin hornin Slovenska (S1 az $16)

S1 - Granitoidy - paleozoikum

SiO, | TiO, | ALLO;| FeO; | MNO | MgO | CaO | Na,O | K,O | P,O5 | Ag As B Ba Be Ce
% % % % % % % % % % |mg.kg™|mg.kg™|mg.kg™*|mg.kg*|mg.kg™|mg.kg™

Mean 70.09 | 0.453 | 15.13 2.58 0.045 0.98 2.00 3.80 3.12 0.22 2.3 114 911 2.4 64.5
Standard Deviation 3.42 0.284 1.26 1.53 0.020 0.61 0.99 0.69 0.93 0.13 2.0 6.2 358 1.0 25.4
Median 70.50 [ 0.380 | 14.94 2.33 0.040 0.82 1.97 3.81 3.02 0.19 1.7 10.2 880 2.3 61.6
Minimum 58.60 [ 0.020 | 11.69 0.14 0.010 0.02 0.01 0.15 1.10 0.01 0.02 0.3 15 126 0.5 10.0
Maximum 77.50 [ 1.670 | 20.62 9.42 0.120 3.98 5.53 5.63 6.43 0.88 2.40 12.0 37.0 2180 8.1 147.0
Detection limit (d. I.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Number of values below d. I. 0 0 0 0 0 0 0 0 0 0 120 0 3 0 0 0
Count 667 663 667 629 652 660 667 665 667 565 197 198 467 610 511 362
S2 - Granity gemerika - paleozoikum
Aritmeticky priemer 75.70 [ 0.155 | 12.84 1.46 0.027 0.33 0.67 3.21 431 0.20 11.8 148.9 114 4.4 27.4
Standardna odchylka 1.35 0.091 0.61 0.48 0.010 0.22 0.34 0.68 111 0.09 9.4 162.4 63 1.3 15.9
Median 75.90 | 0.100 | 12.75 1.43 0.030 0.23 0.60 3.10 4.70 0.20 9.4 81.0 100 4.3 26.0
Minimum 72.10 | 0.070 | 11.70 0.67 0.003 0.10 0.10 0.90 1.50 0.10 0.10 0.5 3.0 40 2.4 4.0
Maximum 78.20 | 0.400 | 14.10 2.85 0.040 1.00 1.60 4.60 5.80 0.40 0.10 39.7 510.0 310 7.4 56.0
Medza stanovenia (m.s.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Pocet hodnét pod m.s. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pocet vzoriek suboru 37 36 37 35 35 35 37 37 37 37 34 31 32 35 36 35
S3 - Metapsamity - paleozoikum
Mean 73.96 | 0.506 | 12.45 3.55 0.046 1.38 0.96 2.02 2.32 0.12 5.6 55.5 449 2.0 48.2
Standard Deviation 7.66 0.268 3.57 1.80 0.033 0.91 0.93 1.33 1.09 0.07 5.6 58.6 214 0.8 18.5
Median 72.32 | 0.530 | 13.15 3.42 0.040 1.29 0.62 2.15 2.22 0.12 3.7 40.0 421 1.9 47.5
Minimum 60.20 [ 0.050 2.79 0.61 0.003 0.12 0.03 0.04 0.44 0.01 0.02 0.2 15 55 0.5 12.0
Maximum 93.85 [ 1.080 | 18.66 9.85 0.170 3.81 3.93 4.69 5.52 0.43 2.20 26.5 345.0 | 1107 4.7 91.0
Detection limit (d. I.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Number of values below d. I. 0 0 0 0 0 0 0 0 0 0 63 0 1 0 0 0
Count 167 165 166 157 167 165 166 167 166 165 104 117 124 164 164 112
S4 - Metapelity - paleozoikum
Aritmeticky priemer 61.93 [ 0.749 | 18.24 6.21 0.090 2.26 0.89 1.72 3.52 0.20 6.9 51.9 602 29 73.1
Standardna odchylka 5.28 0.260 2.78 3.36 0.082 0.98 0.91 1.04 1.08 0.09 7.6 39.0 181 1.0 19.9
Median 61.62 | 0.789 | 17.87 5.81 0.069 2.13 0.53 1.58 3.45 0.19 4.6 45.0 599 3.0 70.0
Minimum 48.99 | 0.040 | 11.08 0.11 0.002 0.20 0.03 0.04 0.92 0.03 0.02 0.1 15 85 0.6 29.0
Maximum 76.53 | 1.795 | 24.79 | 15.59 | 0.470 6.21 421 4.44 5.99 0.57 0.62 35.5 185.0 | 1178 55 126.0
Medza stanovenia (m.s.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Pocet hodnét pod m.s. 0 0 0 0 0 0 0 0 0 0 93 0 2 0 0 0
Pocet vzoriek suboru 201 202 199 200 202 201 200 202 200 199 128 143 139 195 190 134
S5 - Prevazne kyslé metavulkanity - paleozoikum
Mean 71.66 | 0.384 | 13.96 2.84 0.051 1.15 0.58 2.08 414 0.11 3.5 67.1 435 2.7 58.6
Standard Deviation 5.13 0.230 2.07 2.11 0.046 0.75 0.65 1.89 221 0.07 33 89.4 285 0.9 20.7
Median 70.43 | 0.342 | 14.81 2.16 0.044 | 0.95 0.28 2.10 3.86 0.11 2.1 35.0 401 2.6 60.0
Minimum 58.25 [ 0.020 6.98 0.13 0.003 0.05 0.02 0.02 0.19 0.02 0.02 0.05 5.0 15 0.5 14.0
Maximum 83.37 | 0.823 | 18.52 9.75 0.255 3.10 2.50 7.02 9.90 0.31 1.44 15.4 529.0 | 1,076 4.6 123.0
Detection limit (d. I.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Number of values below d. I. 0 0 0 0 0 0 0 0 0 0 62 2 0 2 0 0
Count 114 114 113 112 112 113 112 113 114 113 101 107 101 112 99 103
S$6 - Intermediarne az bazické metavulkanity - paleozoikum
Aritmeticky priemer 48.51 | 1.459 | 1471 | 11.41 | 0.189 | 6.36 7.80 3.27 0.68 0.25 3.8 114 134 0.8 25.8
Standardna odchylka 3.92 0.658 2.06 3.45 0.052 1.84 3.05 1.30 0.64 0.18 35 9.4 120 0.5 17.3
Median 48.37 | 1.393 | 14.96 | 11.11 | 0.189 6.56 8.06 3.24 0.46 0.21 2.8 10.0 96 0.7 24.0
Minimum 35.39 | 0.050 5.86 5.03 0.020 0.73 0.98 0.07 0.02 0.02 0.02 0.1 3.0 15 0.1 5.0
Maximum 58.61 | 3.309 | 18.97 | 20.88 | 0.317 9.65 13.46 5.99 2.67 1.21 2.60 16.3 45 433 2.3 69
Medza stanovenia (m.s.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Pocet hodnét pod m.s. 0 0 0 0 0 0 0 0 0 0 42 0 0 17 1 17
Pocet vzoriek suboru 109 109 109 94 107 108 108 128 112 103 70 102 96 86 106 106
S7 - Vapence - paleozoikum
Mean 9.29 0.092 1.19 0.87 0.169 0.89 48.72 0.10 0.36 0.13 4.8 5.2 77 0.3
Standard Deviation 6.62 0.068 0.93 0.61 0.162 0.48 6.11 0.13 0.30 0.05 4.4 6.0 55 0.2
Median 7.49 0.065 1.11 0.68 0.100 0.68 51.32 0.03 0.31 0.15 3 3 62 0.2
Minimum 2.29 0.010 0.15 0.11 0.030 0.51 36.67 0.01 0.03 0.04 0.02 0.5 15 24 0.1 5
Maximum 21.45 | 0.220 2.93 2.27 0.480 2.20 55.28 0.36 0.91 0.20 0.08 16.1 22 190 0.8 40
Detection limit (d. I.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Number of values below d. I. 0 0 0 0 0 0 0 0 0 0 13 0 5 0 4 8
Count 11 10 10 11 11 11 11 10 10 11 15 15 13 15 15 13
S8 - Dolomity a magnezity - paleozoikum
Aritmeticky priemer 9.58 | 0.037 | 0.73 1.41 | 0.137 | 30.40 | 1157 | 0.16 0.06 0.19 2.3 0.3
Standardna odchylka 5.05 0.024 | 0.36 0.64 0.049 | 11.15 | 1351 0.13 0.03 0.14 2.2 0.2
Median 7.68 0.035 0.68 1.46 0.155 | 34.94 111 0.12 0.06 0.16 1.6 0.4
Minimum 4.46 0.009 0.27 0.59 0.050 | 16.33 0.40 0.02 0.01 0.03 0.02 0.05 15 15 0.1 5
Maximum 21.06 | 0.090 1.40 2.65 0.190 | 41.92 | 29.34 | 0.39 0.10 0.52 0.06 6.1 27 26 0.6 10
Medza stanovenia (m.s.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Pocet hodnét pod m.s. 0 0 0 0 0 0 0 0 0 0 10 1 7 6 0 13
Pocet vzoriek suboru 12 12 12 12 12 12 12 12 12 12 13 13 13 13 13 14

SiO, | TiO, | ALLO;| FeO; | MNO | MgO | CaO | Na,O | K,O | P,O5 | Ag As B Ba Be Ce




Cd Co Cr Cu F Ga Hg La Li Ni Pb Rb Sh Se Sn Sr \% Y Zn Zr
mg.kg*|mg.kg*|mg.kg*|mg.kg*|mg.kg*{mg.kg™*{mg.kg™*|mg.kg*|mg.kg*|mg.kg*|mg.kg*{mg.kg*{mg.kg*|mg.kg*|mg.kg*|mg.kg*|mg.kg*|mg.kg*{mg.kg*{mg.kg™
54 22.1 9.6 275 16.6 0.073 34.1 29.8 7.7 19.7 94.7 0.76 3.2 390.1 37.3 14.4 55.5 137.0
4.3 14.3 13.0 155 54 0.080 13.2 17.8 4.9 11.2 35.0 0.97 2.3 221.0 24.8 7.8 22.3 61.4
4.1 20.2 5.0 200 17.0 0.040 33.0 24.0 7.0 19.0 92.7 0.50 2.5 351.5 32.0 13.0 56.0 137.0
0.05 0.5 2.5 0.5 100 5.0 0.005 1.0 3.0 1.0 0.5 30.0 0.05 0.03 0.5 25.0 2.5 0.5 5.0 5.0
1.00 26.0 76.0 87.0 800 40.0 0.330 83.0 93.0 32.0 52.0 256.0 5.31 0.50 11.0 | 1200.0| 120.0 55.0 121.0 | 380.0
0.10 1.0 5.0 1.0 50 50 | 0.01 1 1 1 1 5 01 | 0.05 1 5 5 1 1 1
125 27 43 20 0 0 20 0 0 0 1 0 33 140 18 0 9 1 0 0
196 538 606 566 200 361 151 328 451 600 551 519 324 178 420 612 612 600 445 612
1.3 16.3 7.1 989 21.3 10.1 37.1 3.0 10.4 302.1 1.96 25.6 40.7 9.6 22.4 22.2 50.2
0.9 6.0 3.3 1185 55 6.7 17.5 1.5 6.6 109.7 1.13 26.9 13.3 6.9 7.7 12.7 33.0
1.0 14.0 7.0 530 20.0 9.0 32.0 2.0 10.0 270.0 1.80 16.0 40.0 9.0 25.0 19.0 38.0
1 0.4 8.0 2.0 90 13.0 1.2 12.0 2.0 1.0 96.0 0.40 7.0 20.0 2.0 8.0 5.0 11.0
3 4.0 31.0 17.0 5100 32.0 29.0 84.0 7.0 30.0 660.0 5.60 141.0 70.0 27.0 33.0 52.0 133.0
0.10 1.0 5.0 1.0 50 5.0 1 1 1 1 5 0.1 1 5 5 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
36 35 35 35 31 36 36 35 36 36 35 33 34 35 36 36 36 35
6.3 54.2 19.0 315 15.7 0.278 31.1 24.3 21.6 5.6 88.4 1.86 3.0 103.2 64.2 19.1 41.3 156.7
55 29.7 23.6 175 7.7 0.541 12.4 14.8 13.4 9.2 45.7 2.72 3.0 85.8 40.1 9.6 26.2 83.3
4.0 50.0 104 295 15.0 0.040 30.0 20.5 20.0 2.9 78.0 0.85 2.0 77.0 55.0 18.0 36.2 155.0
0.05 0.5 5.0 0.5 50 2.5 0.005 9.0 5.0 1.0 0.5 20.0 0.05 0.03 0.5 2.5 9.0 5.0 4.0 5.0
1.00 27.0 160.0 | 114.7 910 37.9 2.390 66.0 70.0 85.0 68.0 227.0 | 12.00 0.31 13.0 376.0 | 196.0 54.0 100.0 | 390.0
0.10 1.0 5.0 1.0 50 50 | 0.01 1 1 1 1 5 01 | 0.05 1 5 5 1 1 1
88 10 0 5 0 8 11 0 0 0 48 0 4 96 1 2 0 0 0 0
129 156 150 162 138 132 115 112 164 | 164 | 149 166 90 105 122 165 162 149 156 161
104 76.4| 21.7 478 235 0.053 42.1 36.6 32.0 54 130.2 1.22 3.9 106.7 | 108.3 28.7 75.9 175.6
6.5 32.1] 15.2 203 6.3 0.098 12.2 17.4 14.2 6.0 48.4 1.33 2.0 70.0 34.2 7.4 30.6 60.8
9.0 85.0] 20.0 440 23.0 0.020 41.0 34.0 32.0 3.0 124.0 0.80 4.0 87.5 106.0 28.0 78.5 175.0
0.05 0.5 10.0f 0.5 51 7.0 0.005 10.0 4.0 1.0 0.5 31.0 0.05 0.03 1.0 8.0 30.0 10.0 2.0 17.0
1.00 30.0 135.0f 67.0 1240 40.0 0.630 71.0 86.0 80.0 25.2 248.0 8.00 0.80 10.0 320.0 | 185.0 52.0 155.0 | 337.0
0.10 1.0 5.0 1.0 50 50 | 0.01 1 1 1 1 5 01 | 0.05 1 5 5 1 1 1
123 4 0 4 0 0 17 0 0 0 43 0 2 99 0 0 0 0 0 0
165 193 179 197 157 173 137 127 190 195 173 194 | 119 122 149 194 188 177 188 193
3.3 28.3 8.3 464 15.6 0.192 36.3 26.6 9.6 3.7 137.9 1.22 4.0 53.3 32.0 26.8 41.7 139.9
3.2 21.4 11.2 254 4.4 0.344 14.3 13.4 7.1 4.1 58.2 1.02 3.0 61.3 22.4 13.8 32.2 81.1
2.0 25.0 4.5 425 16.0 0.045 34.0 26.0 7.0 2.0 128.5 1.00 3.0 28.0 26.0 24.0 35.0 135.5
0.05 0.5 2.5 0.5 25 2.5 0.005 9.0 2.0 1.0 0.5 16.0 0.20 0.03 0.5 2.5 2.5 5.0 2.0 23.0
1.20 16.0 92.0 65.7 1260 26.0 1.670 89.0 63.0 31.0 19.0 267.0 5.20 0.12 16.0 274.0 85.0 70.0 189.0 | 424.0
0.10 1.0 5.0 1.0 50 50 | 0.01 1 1 1 1 5 01 | 0.05 1 5 5 1 1 1
52 28 10 1 2 1 6 0 0 0 31 0 0 94 2 3 10 0 0 0
99 100 110 110 88 97 98 93 91 103 111 112 88 97 102 112 111 100 104 112
32.8 187.2 36.0 327 15.1 0.074 17.3 37.4 58.4 5.0 27.6 1.40 2.3 189.5 | 2354 24.7 108.8 | 145.5
12.9 131.0 30.4 189 5.8 0.244 9.2 30.3 44.1 7.4 22.4 1.49 1.1 99.8 97.1 8.4 64.8 87.1
33.0 185.0 27.0 300 14.0 0.020 15.0 30.0 50.5 2.0 21.0 0.90 2.0 178.0 | 230.0 24.0 99.0 121.0
0.05 6.0 2.5 0.5 25 5.0 0.005 2.0 3.0 2.0 0.5 5.0 0.10 0.03 0.5 12.0 10.0 5.0 9.0 18.0
2.0 66 545 133 810 30 1.600 39.0 143.0 | 220.0 40.0 109.4 6.50 0.14 6.0 440.0 | 462.0 46.0 305.0 | 447.0
0.10 1.0 5.0 1.0 50 50 | 0.01 1 1 1 1 5 01 | 0.05 1 5 5 1 1 1
60 0 2 4 3 0 22 0 0 0 31 0 0 38 2 0 0 0 0 0
111 117 104 | 118 100 110 104 99 104 | 116 93 93 104 51 113 116 119 113 111 121
0.27 1.9 9.6 6.4 194 0.078 6.8 18.2 6.2 4.0 1.07 352.69| 11.8 8.2 7.2 12
0.31 1.4 6.2 3.3 70 0.082 5.7 4.6 6.3 2.0 0.86 228.91 7.4 4.1 6.5 9.9
0.2 1.0 8.0 6.0 180 0.050 4.0 18.0 6.0 34 0.85 256.0 12.0 7.0 6.0 6.5
0.05 0.5 2.5 3.0 100 2.5 0.010 2.0 12.0 0.5 1.5 2.5 0.10 0.03 0.5 168.0 3.0 3.0 0.5 4.0
1.1 5 21 16 300 2.5 0.260 17 32 25 8.6 24 2.7 0.25 2.0 846.0 27.0 16.0 25.0 38.0
0.10 1.0 5.0 1.0 50 50 | 0.01 1 1 1 1 5 01 | 0.05 1 5 5 1 1 1
6 1 3 0 0 15 0 0 0 1 0 8 0 10 9 0 0 0 2 0
15 15 15 14 11 15 13 13 14 15 14 15 14 13 15 13 15 15 15 14
2.6 3.8 194 0.017 2.4 7.5 6.8 2.0 0.82 14.8 8.8 5.2 2.7 8.5
2.0 2.0 71 0.020 1.1 4.7 34 1.1 0.89 15.0 6.8 2.8 2.0 5.7
2.0 3.0 200 0.010 2.0 7.0 6.0 2.1 0.45 10.0 7.0 4.0 3.0 8.0
0.05 0.8 2.5 2.0 100 2.5 0.005 0.5 0.5 2.0 0.5 2.5 0.05 0.03 0.5 1.0 2.5 0.5 0.5 0.5
0.2 8 15 9 290 2.5 0.080 5 15 14 4.5 2.5 35 0.25 2 40.0 23.0 12.0 6.0 22.0
0.10 1.0 5.0 1.0 50 50 | 0.01 1 1 1 1 5 01 | 0.05 1 5 5 1 1 1
13 0 10 0 0 13 3 1 1 0 1 14 1 11 11 0 4 1 4 2
14 14 14 14 11 13 13 14 13 13 14 14 14 13 13 13 13 13 13 13
Cd Co Cr Cu F Ga Hg La Li Ni Pb Rb Sh Se Sn Sr \% Y Zn Zr
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S9 - Ryolity a ryodacity - neogén

SIO, | TIO, [ ALO; [ FeOr | MNO | MgO | CaO [ Na,O| K,O | P,Os | Ag As B Ba Be Ce
% % % % % % % % % % |mg.kg™|mg.kg™|mg.kg*|mg.kg*|mg.kg™|mg.kg™

Mean 74.22 | 0.165 | 13.10 1.65 0.026 0.46 1.23 2.48 4.26 0.05 1.4 39.2 577 21 56.1
Standard Deviation 2.42 0.079 1.07 0.75 0.015 0.24 0.55 0.72 0.72 0.03 0.8 20.2 195 0.5 13.3
Median 74.38 | 0.150 | 13.08 1.46 0.023 0.40 1.22 2.68 4.35 0.04 1.2 40 606 21 54
Minimum 66.48 | 0.050 9.93 0.14 0.005 0.10 0.25 0.40 2.02 0.01 0.02 0.4 5 179 1.1 27.6
Maximum 79.40 | 0.410 | 16.19 412 0.072 1.02 2.85 3.87 6.42 0.17 0.13 3.3 75 895 35 90
Detection limit (d. 1.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Number of values below d. I. 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0
Count 94 93 94 96 92 92 92 92 90 93 26 23 26 91 92 53
S10 - Andezity a porfyry - neogén
Aritmeticky priemer 59.58 | 0.766 | 17.08 6.38 0.108 2.78 6.09 2.67 2.15 0.22 1.5 19.9 | 488.04 1.2 50.501
Standardna odchylka 2.60 0.167 0.99 1.70 0.032 0.89 1.13 0.42 0.59 0.08 1.2 8.8 135.65 0.4 14.056
Median 59.34 | 0.750 | 17.00 6.11 0.107 2.80 6.17 2.71 2.07 0.21 1.2 20.0 472 1.1 50
Minimum 52.51 | 0.280 | 13.91 1.50 0.020 0.38 2.25 1.01 0.73 0.05 0.02 0.1 3.0 174 0.3 20
Maximum 69.16 | 1.480 | 20.67 | 13.78 | 0.232 5.83 9.15 4.44 4.41 0.49 0.19 6.4 50.0 1030 3.3 88.1
Medza stanovenia (m.s.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Pocet hodnét pod m.s. 0 0 0 0 0 0 0 0 0 0 129 3 0 0 0 0
Pocet vzoriek stboru 1148 1142 1148 1122 1136 1136 1131 1132 1125 1136 210 263 182 1045 823 566
$11 - Bazalty az bazaltoidné andezity - neogén
Mean 53.34 | 1.016 | 17.60 9.18 0.144 | 4.20 8.27 2.56 1.44 0.26 1.1 19.4 | 440.86 0.9 |40.264
Standard Deviation 1.98 0.228 1.27 2.33 0.031 1.26 1.03 0.55 0.41 0.12 0.8 9.8 211.87 0.3 11.996
Median 53.85 | 1.010 | 17.80 8.71 0.145 412 8.17 251 1.39 0.22 0.8 17.5 377.5 0.8 40.8
Minimum 47.86 | 0.490 | 14.53 5.80 0.078 1.33 5.25 0.98 0.51 0.10 0.02 0.1 10.0 120 0.3 13.9
Maximum 56.11 | 1.710 | 20.09 | 17.52 | 0.235 6.89 10.83 3.78 2.42 0.63 0.06 3.0 40.0 972 1.9 66.5
Detection limit (d. 1.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Number of values below d. I. 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0
Count 64 64 64 64 63 64 64 63 63 63 7 13 8 58 31 36
S12 - Alkalické bazalty a bazanity - neogén
Aritmeticky priemer 47.03 | 2.462 | 15.42 9.98 0.131 7.36 8.74 3.52 1.73 0.59 717.06 0.9 77.006
Standardna odchylka 2.65 0.362 1.69 1.27 0.010 2.52 1.06 0.63 0.53 0.15 311.04 0.3 15.865
Median 46.12 | 2.460 | 15.67 | 10.10 | 0.131 7.19 8.57 3.40 1.54 0.59 650 0.8 80.9
Minimum 43.74 | 1.910 | 11.42 7.87 0.110 4.75 7.17 2.53 1.00 0.32 380 0.5 53
Maximum 53.82 | 3.450 | 17.69 | 11.98 | 0.159 | 12.33 | 10.72 4.94 2.68 0.85 1390 1.6 99
Medza stanovenia (m.s.) 0.01 | 0.001 | 0.01 0.01 | 0.001 | 0.001 | 0.001 | 0.01 0.01 0.01 30 0.1 10
Pocet hodnét pod m.s. 0 0 0 0 0 0 0 0 0 0 0 0 0
Pocet vzoriek stboru 18 18 18 17 18 16 17 17 18 18 17 18 16
S13 - Vapence - mezozoikum
Mean 5.62 0.056 1.00 0.62 0.043 1.89 48.85 0.08 0.25 0.04 2.0 10.9
Standard Deviation 6.71 0.060 1.22 0.81 0.046 3.01 7.29 0.09 0.26 0.03 1.6 10.8
Median 2.29 0.030 | 0.50 0.31 0.027 0.93 52.34 0.04 0.15 0.03 15 5.0
Minimum 0.02 0.008 0.01 0.01 0.005 0.05 23.02 0.01 0.01 0.01 0.02 0.2 15 15 0.1 5.0
Maximum 27.84 | 0.264 5.05 491 0.280 | 17.68 | 55.61 0.46 1.25 0.19 0.21 9.2 50.0 292 0.4 32.0
Detection limit (d. 1.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Number of values below d. I. 0 0 8 0 0 0 0 7 0 2 168 0 38 134 162 150
Count 196 173 195 181 157 192 196 183 180 183 191 192 149 186 194 190
S14- dolomity - mezozoikum
Aritmeticky priemer 0.81 | 0.018 | 0.24 0.21 | 0.013 | 19.98 | 31.51 | 0.05 0.07 0.02 1.7
Standardna odchylka 0.83 0.010 0.22 0.22 0.005 1.30 1.53 0.03 0.07 0.01 1.3
Median 0.51 0.010 0.16 0.13 0.010 | 20.37 | 31.12 0.04 0.04 0.02 1.3
Minimum 0.07 0.010 | 0.01 0.01 0.010 | 15.77 | 28.84 0.01 0.01 0.01 0.02 0.3 15 15 0.1 5
Maximum 3.42 0.050 1.01 1.02 0.030 [ 21.93 | 35.90 0.14 0.29 0.05 0.07 5.8 35.0 49 0.3 10
Medza stanovenia (m.s.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Pocet hodnét pod m.s. 0 0 5 0 0 0 0 6 1 2 90 0 64 86 95 102
Pocet vzoriek stboru 100 56 100 83 56 103 103 83 78 80 102 102 102 102 103 103
S15 - llovce - mezozoikum az neogén
Mean 53.15 | 0.692 | 13.93 5.12 0.113 2.70 7.70 0.89 2.77 0.12 0.09 7.4 103.4 363 1.3 54.2
Standard Deviation 7.75 0.177 3.33 1.57 0.108 1.05 5.48 0.46 0.81 0.03 0.12 4.8 35.7 111 0.9 12.1
Median 53.00 [ 0.705 | 14.38 5.04 0.083 2.55 7.16 0.89 2.76 0.12 0.07 6.6 100.0 354 1.1 55.0
Minimum 30.06 | 0.210 5.09 1.62 0.010 0.50 0.23 0.08 0.84 0.02 0.02 0.7 15.0 66 0.1 17.0
Maximum 71.75 | 1.150 | 21.39 | 11.34 | 0.729 6.94 22.92 2.79 5.42 0.23 0.92 23.2 215.0 717 3.8 93.0
Detection limit (d. 1.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Number of values below d. I. 0 0 0 0 0 0 0 0 0 0 61 0 0 0 0 0
Count 247 247 247 247 245 244 243 243 244 243 244 243 244 242 247 247
816 - Pieskovce - mezozoikum az neogén
Aritmeticky priemer 65.47 | 0.463 7.80 2.88 0.080 1.84 7.95 1.08 1.54 0.09 4.6 50.2 264 0.7 35.8
Standardna odchylka 11.67 | 0.206 2.93 1.21 0.058 1.14 5.61 0.47 0.64 0.04 34 22.7 119 0.6 13.8
Median 65.33 | 0.480 7.87 2.84 0.062 1.58 7.54 1.11 1.46 0.09 3.8 45.0 260 0.5 36.0
Minimum 40.11 | 0.030 | 0.75 0.34 0.006 0.20 0.13 0.03 0.24 0.02 0.02 0.2 10.0 15 0.1 5.0
Maximum 89.73 | 1.070 | 14.38 6.40 0.300 5.18 23.20 2.13 3.77 0.18 1.80 21.0 125.0 663 2.6 71.0
Medza stanovenia (m.s.) 0.01 0.001 0.01 0.01 0.001 | 0.001 | 0.001 0.01 0.01 0.01 0.04 0.1 3 30 0.1 10
Pocet hodnét pod m.s. 0 0 0 0 0 0 0 0 0 0 119 0 0 2 6 6
Pocet vzoriek stboru 243 243 238 238 241 242 239 242 242 243 240 240 238 240 243 242

SiO, | TiO, | AlL,Oz| FeEO; | MnO | MgO | CaO | Na,O | K,O | P,O5 | Ag As B Ba Be Ce




Cd Co Cr Cu = Ga Hg La Li NI Pb RD Sb Se Sn Sr V Y Zn Zr
mg.kg™|mg.kg™|mg.kg*|mg.kg™*|mg.kg*|mg.kg™{mg.kg™|mg.kg™|mg.kg*|mg.kg*|mg.kg*|mg.kg*{mg.kg™{mg.kg™*|mg.kg*|mg.kg*|mg.kg*|mg.kg*|{mg.kg*{mg.kg™
0.20 1.4 9.2 4.4 218 15.3 0.145 34.7 20.0 3.1 14.3 197.9 0.51 1.7 1234 13.8 12.6 32.7 90.6
0.13 0.9 6.9 34 163 7.2 0.129 8.8 9.0 24 6.3 76.8 0.56 1.1 64.5 8.2 6.2 14.4 30.3
0.20 1.0 10.0 3.0 190 16.5 0.100 35.0 21 2 14 179 0.3 2 114.5 10 12 30 81.5

0.05 0.5 2.5 0.5 60 2.5 0.010 18.6 4 0.5 1 97 0.1 0.03 0.5 30 2.5 2 9 35
0.40 4.0 25.0 15.0 700 30.0 0.460 51.2 43 10 27 415 2.2 0.21 5 329 35 34 84 160
0.10 1.0 5.0 1.0 50 5.0 0.01 1 1 1 1 5 0.1 0.05 1 5 5 1 1 1
7 15 36 2 0 6 0 0 0 1 0 0 0 19 14 0 3 0 0 0
26 90 90 93 64 88 24 42 93 92 95 50 30 27 41 92 86 96 93 92
0.10 13.1 29.1 16.8 340 13.6 0.074 29.3 13.3 1.7 53 77.8 0.37 1.7 332.8 | 1275 18.8 74.2 125.5
0.06 4.6 27.4 12.4 291 6.9 0.083 9.6 5.8 5.8 4.6 34.3 0.38 0.6 97.5 40.0 4.3 26.2 26.9
0.10 13.0 20.0 14.0 200 13.0 0.040 28.2 12.0 6.0 4.0 71.0 0.30 2.0 324.0 | 125.0 19.0 72.0 124.0
0.05 1.0 2.5 1.0 25 2.5 0.010 11.2 2.0 1.0 1.0 134 0.05 0.03 0.5 113.0 15.0 5.0 17.0 48.4
0.50 33.7 201.0 78.0 1600 40.0 0.390 60.9 39.0 38.0 33.0 218.0 | 3.10 1.44 4.1 680.0 | 275.0 | 42.0 225.0 | 242.0
0.10 1.0 5.0 1.0 50 5.0 0.01 1 1 1 1 5 0.1 0.05 1 5 5 1 1 1
57 0 32 0 2 104 0 0 0 0 0 0 7 146 4 0 0 0 0 0
159 1091 925 1095 622 749 224 389 985 1034 984 593 167 206 235 1072 945 1040 1071 1078
0.15 21.6 46.3 25.8 155 12.5 0.068 19.3 11.2 12.6 3.7 45.8 0.31 0.03 1.4 428.2 | 218.7 20.2 71.1 106.3
0.18 6.9 41.8 14.4 80 5.7 0.078 6.0 5.3 8.5 2.7 22.6 0.22 0.02 0.6 196.7 81.6 2.7 30.3 25.0
0.10 21.0 315 22.0 160 12.5 0.040 20.6 10.0 11.0 2.0 44.6 0.25 0.02 1.0 379.5 | 200.0 20.5 78.0 102.0
0.05 6.0 10.0 4.0 25 2.5 0.010 9.6 4.0 3.0 1.0 5.0 0.10 0.02 0.5 112.0 93.0 14.0 18.0 58.0
0.60 34.0 199.0 70.0 260 25.0 0.250 29.6 26.0 34.0 11.0 93.5 0.80 0.07 2.0 1072.0| 457.0 26.0 153.0 | 163.0
0.10 1.0 5.0 1.0 50 5.0 0.01 1 1 1 1 5 0.1 0.05 1 5 5 1 1 1
3 0 0 0 1 7 0 0 0 0 0 0 0 0 1 0 0 0 0 0
9 52 52 61 11 56 10 20 42 52 27 49 8 6 10 54 61 34 49 50
33.1 171.1 44.4 9.7 27.7 10.2 93.9 12.4 62.0 920.0 | 183.9 19.0 91.2 172.8
10.3 100.1 14.8 3.6 7.0 4.2 72.0 3.6 26.5 198.6 33.2 1.6 18.4 24.3
29.0 162.5 | 44.0 10.0 28.8 8.0 76.0 12.0 65.4 995.0 | 190.0 19.0 92.0 167.0
19.0 35.0 26.0 5.0 17.0 4.0 18.0 6.0 16.0 590.0 | 130.0 15.0 72.0 131.0
52.0 370.0 85.0 15.0 40.0 20.0 272.0 20.0 101.0 1190.0| 235.0 22.0 148.0 | 210.0
1.0 5.0 1.0 5.0 1 1 1 1 5 5 5 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 18 18 18 18 18 18 18 18 18 18 18 17 17
104 7.4 197 0.035 29.9 5.1 5.1 4.0 10.0 0.57 405.5 8.3 54 17.1 12.1
11.2 54 150 0.031 15.3 6.3 6.9 4.5 8.0 0.43 331.0 8.6 4.2 12.7 11.1
5.0 5.0 165 0.030 26.0 3.0 2.0 3.0 8.0 0.50 282.5 5.0 4.0 14.0 8.5
0.05 0.5 2.5 1.0 25 2.5 0.005 2.0 0.5 0.5 0.5 2.5 0.10 0.03 0.5 59.0 2.0 0.5 1.2 0.5
1.00 10.0 60.0 24.0 690 5.0 0.210 60.0 32.0 34.0 30.0 40.0 2.50 0.26 1.0 1635.0| 35.0 19.0 75.0 60.0
0.10 1.0 5.0 1.0 50 5.0 0.01 1 1 1 1 5 0.1 0.05 1 5 5 1 1 1
107 119 73 0 20 187 19 0 32 46 35 50 0 146 181 0 92 16 0 8
192 186 193 195 172 188 187 191 195 191 183 184 190 186 194 170 195 195 192 194
4.4 240 0.021 14.6 2.5 1.4 2.6 6.6 0.54 115.8 1.4 11.3 5.2
2.5 145 0.019 8.7 2.4 0.9 2.6 3.2 0.45 40.4 0.9 55 2.8
4.0 200 0.010 13.0 1.5 1.0 2.0 7.0 0.40 110.0 1.0 10.0 4.0
0.05 0.5 2.5 1.0 25 2.5 0.005 1.0 0.5 0.5 0.5 2.5 0.05 0.03 0.5 35.0 2.5 0.5 4.0 0.5
0.50 3.0 15.0 13.0 640 2.5 0.080 38.0 11.0 4.0 12.0 16.0 2.10 0.36 2.0 231.0 25.0 4.0 30.0 13.0
0.10 1.0 5.0 1.0 50 5.0 0.01 1 1 1 1 5 0.1 0.05 1 5 5 1 1 1
55 57 60 0 4 103 27 0 13 29 23 27 2 90 100 0 56 26 0 1
103 99 102 97 90 103 95 102 100 98 97 100 94 102 103 77 103 102 93 100
0.14 8.7 100.5 32.0 499 13.0 0.185 36.0 51.9 44.0 8.3 112.8 0.98 0.27 2.6 204.8 | 105.9 20.5 77.1 134.1
0.14 4.4 42.6 14.4 146 7.5 0.279 6.1 16.2 21.6 3.5 43.9 0.85 0.22 1.2 107.3 32.3 4.4 24.2 44.1
0.10 8.0 95.0 30.0 490 13.0 0.100 37.0 50.0 42.0 8.0 116.0 | 0.70 0.23 3.0 178.0 | 105.0 20.0 78.0 133.0
0.05 0.5 2.5 1.0 80 2.5 0.005 18.0 15.0 4.0 0.5 2.5 0.10 0.03 0.5 24.0 25.0 8.0 22.6 45.0
0.90 22.0 285.0 88.0 880 30.7 1.640 48.0 100.0 | 137.0 23.0 233.0 5.61 1.01 6.0 578.0 | 185.0 31.0 171.0 | 273.0
0.10 1.0 5.0 1.0 50 5.0 0.01 1 1 1 1 5 0.1 0.05 1 5 5 1 1 1
108 1 1 0 0 51 3 0 0 0 2 2 0 50 5 0 0 0 0 0
242 244 245 242 234 246 245 245 244 243 244 245 234 236 247 243 246 245 245 244
3.7 76.3 12.9 274 0.137 25.3 254 22.0 5.5 57.2 1.33 15 167.4 45.9 15.2 42.0 139.6
2.7 59.5 10.3 158 0.267 7.9 115 12.9 3.0 31.2 1.61 1.0 88.0 23.8 55 21.2 58.6
3.0 65.0 10.0 260 0.060 25.0 24.0 20.0 5.0 56.0 0.70 1.0 157.5 45.0 15.0 39.0 142.0
0.05 0.5 2.5 0.5 25 25 0.005 8.0 2.0 0.5 0.5 2.5 0.10 0.03 0.5 28.0 25 2.0 4.6 7.0
0.80 13.0 375.0 68.0 700 30.0 1.780 44.0 55.0 71.0 17.0 156.0 9.00 0.73 6.0 483.0 | 115.0 28.0 105.0 | 323.0
0.10 1.0 5.0 1.0 50 5.0 0.01 1 1 1 1 5 0.1 0.05 1 5 5 1 1 1
114 21 3 3 11 122 1 0 0 1 14 9 0 162 28 0 3 0 0 0
243 239 243 240 230 243 240 242 237 239 239 241 231 242 243 240 241 243 243 239
Cd Co Cr Cu F Ga Hg La Li Ni Pb Rb Sb Se Sn Sr Vv Y Zn Zr
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6. GEOCHEMIA HORNIN

Geochemickd charakteristika a distribticia sledovanych prvkov v hornindch Slovenska je
spracovand na zdklade ddajov z prace Geochemicky atlas Slovenska, III. ¢ast — Horniny.
V tejto prdci su prezentované vysledky takmer 4 000 chemickych analyz hornin prostred-
nictvom charakteristiky 64 zdkladnych horninovych typov Slovenska. Pre tiito pracu sa na
zdklade chemickych analyz z 3 438 vzoriek hornin definovalo a nanovo vytvorilo 16 stibo-
rov hlavnych horninovych typov Slovenska (S1 az S16). Uvedenych 16 siborov, ktoré da-
lej prezentujeme, vzniklo spojenim a zjednodusenim pdvodnych 64 litotypov na zdklade
geochemickej pribuznosti a podobného chemického zloZenia (vekové a stratigrafické krité-
rid neboli zohladnené). Zanedbali sa aj niektoré stibory, reprezentujtice v danej mierke
1 : 1000 000 plosne nevyznamné litotypy. Plo§né rozsirenie jednotlivych litotypov
schematicky zndzoriiuje obr. 6. Na mape nebolo mozné zndzornit kazdu zo 16 vycle-
nenych skupin hornin osobitne, pretoZe vyskyt viacerych z nich sa viaze na spolo¢ny
priestor v rdmci pestrych stvrstvi a komplexov. KedZe vsak vo viacerych pripadoch ide
o geochemicky kontrastné horniny, bolo nutné napriek priestorovej koincidencii charak-
terizovaf ich osobitne. Ich stru¢nd charakteristika je takdto:

S1 - Granitoidy - stibor tvorf 667 vzoriek tonalitov, granodioritov a granitov az leukogra-
nitov reprezentujucich granitoidné horniny Zdpadnych Karpdt karbonskeho veku. Tvoria
najmé sucast krystalickych jadier jednotlivych jadrovych pohor, pricom najvicsie plo§né
zastipenie maju v kryStaliniku veporika.

S2 — Granity gemerika — stibor tvori 37 vzoriek reprezentujticich granity gemerika. Dote-
rajSie poznatky o veku tychto hornin poukazujui na Siroky vekovy diapazén (perm az krie-
da; Cambel et al., 1990). Granity gemerika sa oproti ostatnym granitoidom Slovenska (S1)
vyznacuju zvySenymi hodnotami obsahu SiO, (72,10 az 78,20 %), K,O, ako aj vyraznym
obohatenim o B, E Li, Rb, Sb a Sn, sposobenym procesmi greizenizdcie.

S3 — Metapsamity — stibor tvori 167 vzoriek slabo metamorfovanych pieskovcov, vystupu-
jucich najma v paleozoiku gemerika, menej v paleozoiku ostatnych tektonickych jednotiek,
ako aj vyssie metamorfované ckvivalenty pieskovcov — bridlice, vystupujtice najméi
v krystaliniku Malych Karpdt, a ruly az metakvarcity, vystupujice najma v krystaliniku Z4-
padnych Tatier.

S4 — Metapelity — stibor tvori 202 vzoriek slabo metamorfovanych bridlic, vystupujticich
najmé v paleozoiku gemerika, menej v paleozoiku ostatnych tektonickych jednotiek, ako aj
nizsie az stredne metamorfované bridlice, fylity a svory, vystupujtice prevazne v krystali-
niku Malych Karpdt a v jv. Casti veporika (v komplexe Hladomornej doliny, ¢iastocne aj
v komplexe Ostrej a Sinca, klenoveckom a lovinobanskom komplexe), a pararuly
a migmatity bohaté na sillimanit a grandt, vystupujtice takmer vo vsetkych jadrovych
pohoriach Tatrika (Zdpadné a Vysoké Tatry, Dumbierske Tatry, Mald a Velkd Fatra, Po-
vazsky Inovec, StraZovské vrchy), ako aj vo veporiku (najmé Iubietovsky a kralovoholsky
komplex).

S5 — PrevaZne kyslé metavulkanity a metavulkanoklastikd — subor tvori 114 vzoriek
kyslych, slabo metamorfovanych vulkanitov a vulkanoklastik, vystupujticich najma v pa-
leozoiku gemerika, menej v paleozoiku ostatnych tektonickych jednotiek, a kyslé a interme-
didrne metamorfity vulkanického a vulkanoklastického charakteru (metaryolity,
metadacity) komplexu Janovho griia vo veporiku.

S6 — Intermedidrne aZ bazické metavulkanity a metavulkanoklastikd — stbor tvori 109
vzoriek Studovanych hornin, vystupujicich najma v paleozoiku gemerika, menej v paleo-
zoiku ostatnych tektonickych jednotiek, a metabazity — zelené bridlice a amfibolity,
predstavujiice bazické metamorfity rozneho protolitu (metabazalty, metagabrd, metatu-
fy), ktoré boli metamorfované za roznych p-T podmienok. Vystupuju v kryStaliniku Z4-
padnych Tatier, Dumbierskych Nizkych Tatier, v Malej Fatre, Tribec¢i a v hronskom
a [ubietovskom komplexe veporika.

S7 - Slabo metamorfované vapence — stibor reprezentuje 15 vzoriek. Vystupuju v litostrati-
grafickych jednotkdch mladsieho paleozoika gemerika (ochtinské suvrstvie, crmelskd sku-
pina, zlatnicke suvrstvie). Su vyclenené osobitne, lebo ich chemické zloZenie je ovplyvnené
klastickou primesou, skoncentrovanou vo forme lamin pelitového materidlu s vyraznym
obsahom organickej hmoty.

S8 — Slabo metamorfované dolomity a magnezity — stibor tvori 14 vzoriek. Horniny boli
regiondlne metamorfované v p-T podmienkach fécie zelenych bridlic nizkotlakového typu.
Priestorovo asociuju s vdpencami predchddzajiceho suboru, z nich magnezity najméa
v spodnom karbéne. Horniny obsahuju rozptylenu grafitickd primes, pritomné su aj $u-
pinky sericitu, menej chloritu a mastenca.

S9 - Ryolity aZ ryodacity — stibor tvori 94 vzoriek neogénnych vulkanickych a vulkanokla-
stickych hornin, vystupujuicich v centrdlnej Casti stredoslovenskych neovulkanitov a na
vychodnom Slovensku v oblasti Mili¢a a zemplinskej hrasti, ojedinele aj severnejsie.

S10 - Andezity a porfyry — subor tvori 1 148 vzoriek neogénnych pyroxenickych,
pyroxenicko-amfibolickych, amfibolickych a amfibolicko-biotitickych andezitov az dacitov
a ich vulkanoklastik, vystupujucich v oblasti stredoslovenskych a vychodoslovenskych
neovulkanitov. St to plo§ne najrozsirenejsie neogénne vulkanity Slovenska. Okrem toho su
v mensej miere v stbore zasttipené aj vzorky propylitizovanych andezitov, andezitovych
a dioritovych porfyrov centrdlnych zén jednotlivych stratovulkdnov a kremitodioritovych
a granodioritovych porfyrov, vystupujtcich v centrdlnej zéne Stiavnického stratovulkdnu
(stredoslovenské neovulkanity). Porfyry si roznou mierou hydrotermdlne postihnuté, o
sa najvyraznejsie prejavuje v centrdlnej zone Stiavnického stratovulkdnu.

S11 — Bazalty aZ bazaltoidné andezity — stibor obsahuje 64 vzoriek. Ide o plosne najmenej
rozsirené neogénne vulkanické horniny. Bazaltoidné andezity sprevadzaju v stredosloven-
skych neovulkanitoch ojedinele a vo vychodoslovenskych neovulkanitoch castejSie pyroxe-
nické a amfibolicko-pyroxenické andezity v stavbe velkych andezitovych stratovulkdnov.
Samostatne, resp. spolu s bazaltmi sa v stredoslovenskej oblasti vyskytuji v Kremnickych
vrchoch (turgeckd formdcia a formdcia Vicieho vrchu), vo Vtaéniku (formdcia Klakovskej
doliny) a v Javori (blyskavickd formacia). Dominantne bazalty vystupuju v komplexe Sibe-
ni¢ného vrchu v juznej ¢asti Kremnickych vrchov.

S12 — Alkalické bazalty a bazanity - stbor reprezentuje 18 vzoriek tychto hornin. Vystu-
puji v oblasti Cerovej vrchoviny a Lucenskej kotliny, ojedinele aj v stredoslovenskych

6. ROCK GEOCHEMISTRY

The geochemical characteristics and distribution of the investigated elements in
Slovakia's rocks are based on the Geochemical Atlas of Slovakia, part 3, Rocks which
presents the results of nearly 4,000 chemical analyses of rocks and characterizes
Slovakia's 64 major rock types. For the purpose of this work, 16 sets of Slovakia's main
rock types (S1 to S16) have been newly defined and formed on the basis of chemical
analyses of 3,438 rock samples. These 16 sets, presented in more detail in the follow-
ing text, have been established by combining and simplifying the original 64 rock types
with regard to their geochemical affinity and detailed geochemical composition while
mainly age and stratigraphic criteria were ignored. Some rock types covering very
small areas at a scale of 1 : 1,000,000 have been left out entirely. The areal distribu-
tion of the respective rock types is schematically illustrated in Fig. 6. It has not been
possible to mark separately each of the 16 lithological types in the figure since many
of them alternate in a small area within a single variegated formation or complex. As
some of these rocks are geochemically different, they have been characterized
separately despite their areal coincidence. Brief characteristics of the major rock types
are as follows:

S1 - Granitoids. The set consists of 667 samples of tonalites, granodiorites and granites
to leucogranites representing Western Carpathian granitoid rocks of Carboniferous age.
They mostly occur in the crystalline cores of Slovakia's core mountains and attain their
largest areal extent in the crystalline unit of the Veporicum.

S2 - Gemeric granites. The set consists of 37 samples representing Gemeric granites.
Investigations carried out so far suggest that the granites formed over a long period of
time (Permian to Cretaceous, Cambel et al., 1990). In comparison with Slovakia's other
granitoids (S1), the Gemeric granites contain more SiO, (72.10 to 78.20 %), K,O and
are considerably enriched in B, E, Li, Rb, Sb and Sn as a result of greisenization.

S3 - Metapsammites. The set is composed of 167 samples of mildly metamorphosed
sandstones found mainly in the Paleozoic of the Gemericum and to a lesser extent also
in the Paleozoic of the other tectonic units, as well as of more strongly metamorphosed
equivalents of sandstones - schists found largely in the crystalline unit of the Malé
Karpaty (Little Carpathians), and gneisses to metaquartzites outcropping mainly in the
crystalline unit of the Zdpadné (Western) Tatry Mts.

S4 - Metapelites. The set is made up of 202 samples of mildly metamorphosed shales
found largely in the Paleozoic of the Gemericum and to a lesser extent also in the
Paleozoic of the other tectonic units as well as of low- to medium-grade metamorphosed
schists, phyllites and mica schists exposed primarily in the crystalline unit of the Malé
Karpaty and in the southeastern Veporicum (Hladomornd dolina Complex, partly also
Ostrd and Sinec Complex as well as Klenovec and Lovinobaiia complexes) and of
paragneisses and migmatites rich in sillimanite and garnet exposed in nearly all core
mountains of the Tatricum (Zdpadné and Vysoké Tatry, Dumbierske Tatry, Mald and
Velkd Fatra, Povazsky Inovec, StrdZovské vrchy) and in the Veporicum (mainly Lubietovd
and Krdlova hola complexes).

S5 - Mostly acid metamorphosed volcanic and volcanoclastic rocks. The set includes
144 samples of acid, weakly metamorphosed volcanic and volcanoclastic rocks outcrop-
ping largely in the Paleozoic of the other tectonic units as well as acid and intermediate
metamorphic rocks of volcanic or volcanoclastic character (metarhyolites, metadacites)
of the Janov griit Complex in the Veporicum.

S6 - Intermediate to basic metamorphosed volcanic and volcanoclastic rocks. The set
consists of 109 samples of rocks from the Paleozoic of the Gemericum and to a lesser
extent also from the Paleozoic of the other tectonic units as well as of samples of
metabasites - green schists and amphibolites representing metamorphosed basic rocks
of various protoliths (metabasalts, metagabbros, metatuffs) which were metamor-
phosed under diverse p-T conditions. They occur in the crystalline units of the Zdpadné
Tatry, Dumbier section of the Nizke Tatry, Mald Fatra, Tribe¢ and in the Hron and
Lubietovd complexes of the Veporicum.

S7 - Weakly metamorphosed limestones. The set is made up of 15 samples from the
Late Paleozoic lithostratigraphic units of the Gemericum (Ochtind Formation, Crmel
Group, Zlatnik Formation). They are distinguished as a separate unit since their
chemical composition is affected by a clastic admixture of pelitic material rich in organic
matter.

S8 - Mildly metamorphosed dolomites and magnesites. The set consists of 14 samples.
The rocks underwent regional low-pressure greenschist-facies metamorphism. These
rocks, notably Early Carboniferous magnesites, are spatially associated with limestones
of the preceding set. The rocks contain a disseminated graphite admixture as well as tiny
scales of sericite and less frequently also chlorite and talc.

S9 - Rhyolites and rthyodacites. The set consists of 94 samples of Neogene volcanic and
volcanoclastic rocks exposed in the central section of the Central Slovakian
Neovolcanics (Neogene volcanics) and in eastern Slovakia in the Mili¢ area and the
Zemplin horst, exceptionally also further to the north.

S10 - Andesites and porphyries. The set comprises 1,148 samples of Neogene pyroxene,
pyroxene-amphibole, amphibole and amphibole-biotite andesites and dacites as well as
related volcanoclastic rocks exposed in the Central Slovakian and Eastern Slovakian
Neovolcanics. Areally, they are the most widespread Neogene volcanics in Slovakia. The
set includes also a small number of samples of propylized andesites, andesite and diorite
porphyries from the central zones of respective stratovolcanoes as well as quartz diorites
and granodiorite porphyries from the central zone of the Stiavnica stratovolcano
(Central Slovakian Neovolcanics). The porphyries were subjected to hydrothermal
alteration of various intensity, mainly in the central zone of the Stiavnica stratovolcano.
S11 - Basalts and basaltoid andesites. The set consists of 64 samples. Their areal extent
is the smallest of all Slovakia's Neogene volcanic rocks. In the Central Slovakian
Neovolcanics and rarely also in the Eastern Slovakian Neovolcanics, the basaltoid
andesites along with pyroxene and amphibole-pyroxene andesites form major andesite
stratovolcanoes. In central Slovakia, the rocks occur on their own or together with



neovulkanitoch (Nova Batia, Banskd Stiavnica, Ostrd Liika). Ich plo$ny rozsah je relativ-
ne velmi maly.

S13 —Vépence - subor tvori 196 vzoriek prevazne mezozoickych, menej mezozoickych az
paleogénnych, paleogénnych a najmenej neogénnych vdpencov. Rozsahom dominantné
mezozoické vdpence (v stbore su zastipené jednak ,Cisté* vdpence bez primesi, jednak
flovité, piescité az kremité vdpence) vystupuji na dzemi Slovenska v bradlovom pdsme
(ich sucasfou su aj sliefiovce kriedy a7 paleogénu) a v tektonickych jednotkdch vnu-
tornych Zdpadnych Karpdt. Sucast stboru tvoria aj vzorky vdpencov a ich brekcif
a zlepencov vnutrokarpatského paleogénu (borovské suvrstvie) a neogénne vdpence
a piescité vapence, ktoré sa v menSej miere podielaji na stavbe neogénnych sedimen-
tarnych suvrstvi (napr. oligomiocén a miocén juhoslovenskej panvy, vatitrokarpatské kot-
liny a Viedenskd panva).

S14 — Dolomity - stibor reprezentuje 103 vzoriek roznych typov dolomitov stredného az
vrchného triasu tatrika, veporika, hronika, menej silicika. Prevaznu ¢ast vzoriek tvoria vel-
mi ,,Cisté“ dolomity, ¢o ovplyvnilo geochemicku distribuciu viacerych prvkov (minimdlny
obsah napr. Ag, B, Ba, Be, Ce, Cd, Co, Cr a dalsich prvkov v tychto hornindch).

S15 - Tlovee - stibor tvori 247 vzoriek. Tieto horniny vystupujtice spolu s pieskovcami
(S16) tvoria plosne najrozsirenejsiu skupinu hornin Slovenska s dominantnym postave-
nim neogénnych a paleogénnych flovcov nad mezozoickymi ilovcami. Z litologického hla-
diska sa flovce vyznacuju velkou variabilitou. Ich charakteristickou vlastnostou je primes
karbondtov, ktord ovplyviluje geochemicku distribticiu prvkov. Vystupuji vo vsetkych
neogénnych panvdch Slovenska, vnitrokarpatskych kotlindch a flySovych suvrstviach von-
kajsich Karpdt.

S16 — Pieskovce — stibor tvori 243 vzoriek odobranych z neogénnych, paleogénnych, me-
nej mezozoickych stvrstvi, kde vystupuju spolu s flovcami predchddzajiceho stboru. Po-
dobne ako v pripade flovcov, aj vicSina pieskovcov sa vyznacuje variabilnou karbonatickou
primesou, ktord spolu s bdzickym charakterom ich zdrojovych hornin do znacnej miery
determinuje geochemicku distribticiu viacerych prvkov. V mensej miere st zasttipené kre-
mité pieskovce bez karbonatickej primesi.

Zédkladné matematicko-$tatistické charakteristiky uvedenych 16 stiborov uvddza tab. 3. Na
zdklade tychto Statistickych ddajov je charakterizovand distribucia sledovanych prvkov
v 16 vy¢lenenych skupindch hornin Slovenska (S1 az S16). Popri zdkladnej charakteristike
ich geochemickej distribticie v hornindch Slovenska s komentované aj vyznamnejsie roz-
diely oproti ich distribticii v porovnatelnych hornindch sveta (tab. 4). Je potrebné zdoraz-
nif, Ze v tab. 4 su vybrané stredné hodnoty, resp. rozmedzia podla ich dostupnosti
v literatire. Charakteristika sa tyka primdrnej distribticie prvkov vo vzorkdch prakticky
Cerstvych hornin bez sekunddrnych premien ¢i mineralizdcie (s vynimkou S2, S7, S8 a ¢ias-
to¢ne S10 — pozri dalej). Vzorky, vykazujtice odlahlé hodnoty obsahu sledovanych prvkov
(viac ako X + 3 s. 0., resp. menej ako X — 3 s. 0.), spdsobené uvedenymi sekundarnymi
vplyvmi, boli zo $tatistickych stiborov vylicené. Sticastou niektorych stiborov vsak ostali
aj vzorky premenenych hornin bez vyraznejSej geochemickej anomdlie (napr. propylitizo-
vané andezity, granodioritové a kremitodioritové porfyry v S10). Vzorky 3 stiborov,
reprezentujuice ploSne menej vyznamné granity gemerika (S2) a slabo metamorfované vd-
pence (S7), resp. dolomity a magnezity paleozoika (S8), st ovplyvnené naloZenymi
procesmi premien, resp. obsahuju grafitickd primes. Indikuje to ich rozdielna distribticia
viacerych Studovanych prvkov oproti granitoidom (S1), resp. vdpencom (S13) a dolomi-
tom (S14) Slovenska.

Dalej sa uvddza stru¢nd charakteristika distribticie sledovanych prvkov v hornindch Slo-
venska, a to pre makroprvky v % ich oxidov a pre mikroprvky v mg.kg'.

Ag

Primdrny obsah stricbra ako typického stopového prvku v jednotlivych typoch hornin
dosahuje len nizke hodnoty, comu zodpovedd aj distribticia striebra v hornindch Sloven-
ska.

Priemerny obsah tohto prvku variruje v hornindch Slovenska od hodndt blizkych medzi
stanovenia Ag (0,04 mg.kg™') aZ po 0,09 mg.kg™'v flovcoch, v ktorych sa striebro viaZe na
ilové minerdly, resp. organicku substanciu. Zistend distribucia striebra v hornindch Sloven-
ska kore$ponduje s tidajmi zo svetovej odbornej literatury (tab. 4).

Al

Priemerny obsah hlinika v hornindch Slovenska je najniZ$i v karbondtoch (0,24 %
v dolomitoch az 1,19 % AlLO, v paleozoickych vdpencoch). V ostatnych hornindch su
priemerné hodnoty jeho obsahu v rozmedzi od 7,8 % (pieskovce) do 18,24 % (metapeli-
ty). Distribticia Al v magmatickych a vulkanickych hornindch je dominantne ovplyvnend
podielom horninotvornych alumosilikdtov (najma Zivce), v sedimentdrnych hornindch je-
ho obsah rastie so zvySujticim sa mnoZstvom ilovej zloZky.

Okrem zvySeného obsahu hlinika v metapsamitoch, sved¢iaceho o vy$§om podiele flovej
zloZky v tychto hornindch, existuje pri porovnani nasich ddajov o distribucii hlinika v hor-
nindch Slovenska s odbornou literatirou (tab. 4) dobrd zhoda.

As

Priemerny obsah arzénu v hornindch Slovenska variruje od najnizsich hodnot v neogén-
nych vulkanickych hornindch (1,1 az 1,5 mg.kg™') aZ po flovce (7,4 mg.kg™"). Vynimku tvo-
ria greizenizované granity gemerika s vyrazne najvy$$im priemernym obsahom As (11,8
mg.kg™), ¢o je sposobené nalozenymi hydrotermdlnymi procesmi. Porovnanim uvedenych
udajov s udajmi z literatiry (tab. 4) sa pri niektorych naSich hornindch zistilo mierne
obohatenie o arzén (metapsamity, pieskovce), dalSie horniny su, naopak, o tento prvok
mierne ochudobnené (ryolity, metapelity, flovce).

B

Najmenej boru v priemere obsahuju karbondtové horniny, pricom pri dolomitoch je tdto
hodnota na hranici medze stanovenia (5 mg.kg™). V ostatnych hornindch sa priemerny
obsah béru postupne zvySuje az na hodnotu 103,4 mg.kg™ v flovcoch. Anomdlne vysoku

basalts in the Kremnické vrchy (Turcok and VI¢i vrch formations), Vtdcnik (Kraklovskd
dolina Formation) and in the Javorie Mts. (Blyskavica Formation). The basalts
dominate the Sibeni¢ny vrch Complex in the southern section of the Kremnické vrchy.
S12 - Alkali basalts and basanites. The set comprises 18 samples of these rocks from the
Cerovd vrchovina Upland, Lucenec Basin, and rarely also from the Central Slovakian
Neovolcanics (Novd Bafia, Banskd Stiavnica, Ostrd Liika). Their areal extent is relative-
ly very small.

S13 - Limestones. The set consists of 196 samples dominated by Mesozoic limestones
with smaller amounts of Mesozoic to Paleogene, Paleogene and the least abundant
Neogene limestones. The prevailing Mesozoic limestones (the set comprises pure
limestones without admixtures as well as clayey, sandy and siliceous limestones) in
Slovakia occur in the Klippen Belt (including Cretaceous to Paleogene marlstones) and
in the tectonic units of the Inner Western Carpatians. The set also includes samples of
limestones and limestone breccias and conglomerates from the Inner Carpathian
Paleogene (Borovd Formation) as well as Neogene limestones and sandy limestones
which are found in small amounts in Neogene sedimentary formations (e.g. Oligo-
Miocene and Miocene of the Southern Slovakian Basin, Inner Carpathian basins and
Vienna basin).

S14 - Dolomites. The set consists of 103 samples of various types of Middle to Late
Triassic dolomites from the Tatricum, Veporicum, Hronicum and rarely also from the
Silicicum. The samples are dominated by very pure dolomites, a fact reflected by the
distribution pattern of several elements (e.g. minimum contents of Ag, B, Ba, Be, Ce,
Cd, Co, Cr and further elements in these rocks).

S15 - Claystones. The set comprises 247 samples. The claystones associated with
sandstones (S16) are the most widely distributed rocks in Slovakia. Neogene and
Paleogene claystones prevail over Mesozoic ones. Lithologically, the majority of the
claystones are highly variable, typically with a carbonate admixture which affects the
geochemical distribution of elements. They occur in all Slovakia's Neogene basins and
in flysch formations of the Outer Carpathians.

S16 - Sandstones. The set consists of 243 samples collected from Neogene, Paleogene
and rarely also Mesozoic formations where sandstones are associated with the
claystones of the preceding set. Like the claystones, most sandstones also have a
variable carbonate admixture which, together with the basic character of the source
rocks, considerably affects the geochemical distribution of several elements. Quartzy
sandstones without a carbonate admixture are less abundant.

The basic mathematic-statistical characteristics of the above 16 sets are given in Tab. 3.
These statistical data characterize the distribution of the investigated elements in the 16
rock groups from the Slovak territory (S1 to S16). In addition to the basic characteris-
tics of their geochemical distribution pattern in Slovakia's rocks, comments are made on
major differences in the elemental distribution in Slovakia's rocks and their foreign
counterparts (Tab. 4). It should be noted that Tab. 4 gives either medium values or
ranges of values depending on what was available in literature. It is also worth mention-
ing that the characteristics apply to the primary distribution of elements in samples of
virtually fresh rocks without alterations and mineralization (except for S2, S7, S8 and
partly also S10, see below). Samples displaying extreme contents of the investigated
elements (more than x + 3 standard deviation or less than x - 3 standard deviation) due
to the above-mentioned secondary effects were dropped from the statistical sets.
Nevertheless, some sets include also samples of altered rocks without significant
geochemical anomalies (e.g. propylized andesites, granodiorite and quartz diorite
porphyries in S10). Samples of the three sets representing the Gemeric granites of fairly
limited areal extent (S2), weakly metamorphosed limestones (S7) and Paleozoic
dolomites and magnesites (S§) have been altered by subsequent processes or have a
graphite admixture. This is indicated by differences in the distribution of several investi-
gated elements in comparisom with that in Slovakia's granitoids (S1), and/or limestones
(S13) and dolomites (S14).

Below is a brief characteristics of the distribution pattern of the investigated elements in
Slovakia's rocks. The contents of majorelements are given in % of their oxides, whereas
minorelements are in mg.kg-1.

Ag

As a typical trace element, silver has low primary contents in the respective rock types
corresponding to overall silver distribution in Slovakia's rocks.

The average contents of this element in Slovakia's rocks vary from levels close to its
detection limit (0.04 mg.kg") to as high as 0.09 mg.kg" in claystones in which silver is
bound to clay minerals or organic matter. The silver distribution in Slovakia's rocks
matches data from professional literature published across the world (Tab. 4).

Al

The average aluminium content in Slovakia's rocks is the lowest in carbonates (0.24 %
in dolomites, 1.19 % Al203 in Paleozoic limestones). In the other rocks, aluminium
average contents range from 7.8 % (sandstones) to 18.24 % (metapelites). The Al distri-
bution in intrusive igneous and volcanic rocks is governed by the amount of rock-
forming aluminosilicates (mostly feldspars), whereas the Al content in sedimentary
rocks increases with the rising amount of clay component.

Apart from the increased aluminium contents in metapsammites reflecting a higher
amount of clay minerals in these rocks in Slovakia, the aluminium distribution in
Slovakia's rocks matches published data (Tab. 4).

As

The average contents of arsenic in Slovakia's rocks vary from 1.1 - 1.5 mgkg-1 in
Neogene volcanics to 7.4 mgkg-1 in claystones. The only exception are greisenized
Gemeric granites whose As content is by far the highest (11.8 mgkg-1) owing to
subsequent hydrothermal processes. A comparison of the above data with published
data (Tab. 4) suggests that some rocks in Slovakia are slightly enriched with arsenic
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distribticiu tohto prvku (v priemere aZ 1489 mg.kg™") obsahuju granity gemerika, ktoré su
postihnuté procesmi greizenizdcie.

Obsah boru prejavuje klesajuicu tendenciu od kyslych hornin k bdzickym magmatickym
a vulkanickym hornindm. Zo sedimentdrnych hornin sti na B bohatsie flovce ako pieskovce.
Porovnanim naSich ddajov s odbornou literatirou sme zistili viaceré odchylky. Viac ako
dvojndsobnd hodnota priemerného obsahu B v prevazne kyslych metavulkanitoch oproti
udajom z literatiry (tab. 4) indikuje pravdepodobne vplyv naloZenych procesov kyslého
charakteru. Naopak, pribliZzne polovi¢ny priemerny obsah B v metapelitoch moZe byt spo-
sobeny kombindciou remobilizdcie pocas metamorfézy a naloZenych hydrotermdlnych pro-
cesov. Nizsiu hodnotu priemerného obsahu boéru v flovcoch mozZe spdsobovat vyssia
proporcia vzoriek sladkovodnych flovcov oproti morskym flovcom. Naopak, vyssiu hodno-
tu priemerného obsahu béru v pieskovcoch pravdepodobne sposobil relativne vyssi podiel
ilovej zloZky v tychto hornindch.

Ba

Priemerny obsah bdria v hornindch Slovenska variruje od hodnoét blizkych medzi stanove-
nia (30 mg.kg™") v dolomitoch a vdpencoch az po 911 mg.kg™! v granitoidoch. Anomadlne
nizky je priemerny obsah Ba v greizenizovanych granitoch gemerika (114 mg.kg™). Vo
vSeobecnosti viac bdria obsahuju kyslé magmatické a vulkanické horniny ako bazické horni-
ny. Toto pravidlo neplati pre alkalické horniny (alkalické bazalty Slovenska obsahuju v prie-
mere 717 mg.kg™).

Porovnanie nasich vysledkov so zahrani¢nou odbornou literattirou (tab. 4) sved¢i o mier-
nom ochudobnent sedimentdrnych, vulkanickych a metavulkanickych hornin o Ba. Ciasto¢-
né obohatenie zase vykazuji bazalty az bazaltoidné andezity. Ochudobnenie moze
v pripade flovcov a pieskovcov sposobovat pomerne vysoky podiel karbondtovej primesi
(v priemere 16 % CaCO,). V pripade vulkanitov sa na nestilade ich distribucie s tidajmi z li-
terattry s najvacSou pravdepodobnostou podpisala pomerne zna¢nd litologickd variabilita
Statistickych stiborov.

Be

Najnizsi priemerny obsah berylia dosahuji vdpence a dolomity (hodnoty okolo medze
stanovenia — 0,1 mg.kg™"), najviac v priemere ho obsahuju greizenizované granity gemerika
(4,40 mg.kg™"). Obsah tohto prvku klesd od kyslych hornin smerom k bdzickym hornindm,
¢o zodpovedd aj tidajom z odbornej literatury (tab. 4).

Ca

Najviac Ca v priemere obsahuju vdpence (48,85 % CaO) a dolomity (31,51 %), najme-
nej vdpnika v priemere je v metapsamitoch (0,96 % CaO), resp. v greizenizovanych grani-
toch gemerika (0,67 %). Trend hromadenia védpnika v intermedidrnych a bdzickych
hornindch oproti kyslym hornindm je v stilade s tdajmi z literattiry. V porovnani s tymito
udajmi (tab. 4) su v§ak metamorfované paleozoické horniny, s vynimkou karbondtov, mier-
ne ochudobnené o Ca. Vysoky podiel karbondtovej primesi v flovcoch a pieskovcoch Slo-
venska (v priemere 16 % CaCO,) sposobuje, naopak, zvySenie obsahu CaO oproti idajom
z odbornej literatury.

Cd

Vo vécsine sledovanych litotypov Slovenska sa priemerny obsah Cd pohybuje okolo hodno-
ty medze stanovenia (0,1 mg.kg™) a aj v ostatnych hornindch je jeho priemerny obsah niz-
ky (0,1 az 0,2 mg.kg™' v neogénnych vulkanitoch a v flovcoch). Anomadlne vysokd priemernd
hodnota obsahu kadmia (0,27 mg.kg™) je v slabo metamorfovanych vdpencoch paleozoika,
¢o indikuje jeho mierny prinos vplyvom vézby na sulfidy. V granitoch gemerika, pozna-
¢enych procesmi greizenizdcie, varirujui hodnoty obsahu Cd v rozmedzi 1 a7 3 mg.kg. Kvo-
li odli$nej analytickej metéde s niZSou citlivostou (medza stanovenia = 1 mg.kg™) treba
tieto tidaje brat len ako orientacné.

Uvedené tidaje v podstate koreSponduju so svetovou odbornou literattirou (tab. 4). Vynim-
ku tvorf len priemernd hodnota obsahu Cd v flovcoch Slovenska, ktord je takmer 6x niZsia
ako uddvany priemerny obsah svetovych flovcov (0,8 mg.kg™). Vyrazny rozdiel moZe Cias-
to¢ne sposobovat aj zvySeny podiel karbondtovej primesi v flovcoch Slovenska (v priemere
16 % CaCO,).

Ce

Priemerny obsah céru v hornindch Slovenska sa pohybuje v rozmedzi od hodnot blizkych
medzi stanovenia (10 mg.kg™") v karbondtoch a7 po metapelity (73,1 mg.kg™"), resp. alkalic-
ké bazalty (77 mg.kg™"). Zodpovedd to trendu vacsej akumuldcie céru v kyslych a alkalickych
magmatickych a vulkanickych hornindch ako v intermedidrnych, a najma bdzickych horni-
ndch. Vynimku tvori anomdlne nizky priemerny obsah Ce v greizenizovanych granitoch
gemerika (27,4 mg.kg™).

Nizsi obsah céru v granitoidoch oproti hodnote uddvanej v odbornej literattire (tab. 4) je od-
razom vys$Sej proporcie intermedidrnych granodioritov a tonalitov v slovenskych granitoi-
doch. Ochudobnenie flovcov Slovenska o cér pravdepodobne spdsobuje pomerne vysoky
podiel karbondtovej primesi.

Co

Najmenej kobaltu v priemere obsahuju vapence a dolomity (hodnoty blizke medzi stanove-
nia - 1 mgkg™"). Najvyssi obsah Co je v intermedidrnych az bdzickych metavulkanitoch
(32,8 mg.kg™), resp. v alkalickych bazaltoch (33,1 mgkg™). Zistend distribticia kobaltu
v hornindch Slovenska zodpovedd tendencii zniZovania jeho obsahu od bdzickych hornin
smerom ku kyslym magmatickym a vulkanickym hornindm.

Odchylky oproti idajom z odbornej literatiry (tab. 4) odrdZaji mierne ochudobnenie
bdzickych neogénnych vulkanitov, ako aj flovcov o kobalt. Naopak, niekolkondsobné
obohatenie pieskovcov Slovenska o tento prvok moze odrdzat bazicky charakter ich zdro-
jovych hornin.

(metapsammites, sandstones), whereas others are mildly deficient in this element
(rhyolites, metapelites, claystones).

B

The lowest average contents of boron have been noted in carbonate rocks, the average
content in dolomites being equal to the detection limit (5 mg.kg"'). In the other rocks,
the average boron content gradually increases to as much as 103.4 mg.kg'in claystones.
Anomalously high contents of this element occur in the Gemeric granites (on average
148.9 mg.kg!) which were subjected to greisenization.

The boron contents tend to fall from acid to basic intrusive and volcanic rocks. As for
sedimentary rocks, claystones are richer in B than sandstones.

A comparison of our data with published ones has revealed a number of differences. The
average B content in Slovakia's mostly acid metavolcanics is twice as high as published
data (Tab. 4) and presumably suggests subsequent processes of acid character. In
contrast, the B content in Slovakia's metapelites is approximately one half of that in
metapelites abroad. The lower content may have been caused by remobilization during
metamorphism coupled with subsequent hydrothermal processes. The lower average
content of boron in claystones may have resulted from a higher percentage of freshwa-
ter claystones at the expense of marine ones. On the other hand, a higher average boron
content in sandstones was probably caused by a relatively higher content of the clay
component in these rocks.

Ba

The average contents of barium in Slovakia's rocks range from values close to the
detection limit (30 mg.kg') in dolomites and limestones to a maximum of 911 mg.kg!
in granitoids. The Ba content in greisenized Gemeric granites is anomalously low (114
mg.kg?!). In general, acid intrusive and volcanic rocks are richer in barium than basic
ones. This rule, however, goes not apply to alkali rocks (alkali basalts in Slovakia average
717 mgkg).

A comparison of our results with foreign publications (Tab. 4) suggests that sedimenta-
1y, volcanic and metavolcanic rocks in Slovakia have been slightly depleted in Ba. By
contrast, basalts and basaltoid andesites display some enrichment. The lower contents
in claystones and sandstones may have been caused by a relatively high content of a
carbonate admixture (on average 16 % CaCO,). Differences in the distribution of Ba in
rocks in Slovakia and abroad most probably stem from the high variability of our statis-
tical sets.

Be

The lowest average beryllium contents occur in limestones and dolomites (levels around
the detection limit of 0.1 mgkg?'), whereas the highest average content is in the
greisenized Gemeric granites (4.40 mg.kg-1). The contents of this element fall from acid
to basic rocks in compliance with published data (Tab. 4).

Ca

The highest contents of Ca have been noted in limestones (48.85 % CaQO) and dolomites
(31.51 %), whereas the lowest average levels are in metapsammites (0.96 % CaO) and
greisenized Gemeric granites (0.67 %). The trend of Ca contents rising from acid to
intermediate and basic rocks complies with published data. In comparison with these
data (Tab. 4), Slovakia's metamorphosed Paleozoic rocks are mildly deficient in Ca. In
contrast, an abundant carbonate admixture in Slovakia's sandstones (on average 16 %
CaCO23) is responsible for their higher-than-published CaO contents.

Cd

In most investigated rock types in Slovakia, the average Cd contents are low, ranging
from levels around the detection limit (0.1 mg.kg") to 0.1 - 0.2 mgkg'in Neogene
volcanics and claystones. An anomalously high average cadmium content (0.27 mg.kg
1) has been noted in mildly metamorphosed Paleozoic limestones presumably as a result
of Cd introduction together with sulphides. The Cd contents in the Gemeric granites
subjected to greisenization processes vary from 1 to 3 mg.kg'. As the analytical method
used had a fairly high detection limit (1 mg.kg"), these data are only orientation ones.
The above data essentially agree with those published abroad (Tab. 4). The only
exception is the average Cd content in Slovakia's claystones which is almost six times
lower than the world average content in claystones (0.8 mg.kg'). The great difference
can be caused in part by the abundant carbonate admixture in Slovakia's claystones (on
average 16 % CaCO,).

Ce

The average cerium contents in Slovakia’s rocks vary from values close to the detection
limit (10 mg.kg"') in carbonates to 73.1 mg.kg!in metapelites and 77 mg.kg"' in alkali
basalts. This corresponds to a trend of decreasing cerium contents in intrusive and
volcanic rocks from acid and alkali to intermediate and the lowest-cerium basic ones.
The only exception is the anomalously low La content in greisenized Gemeric granites
(24.7 mg.kg™).

Lower Ce contents in Slovakia’s granitoids in comparison with published data (Tab. 4)
reflect a higher percentage of intermediate granodiorites and tonalites among Slovakia’s
granitoids. The low cerium concentrations in Slovakia’s claystones can be explained by
their fairly high content of a carbonate admixture.

Co

The lowest cobalt concentrations are found in limestones and dolomites (values close to
the detection limit of 1 mg.kg!) and the highest in intermediate and basic metavolcanics
(32.8 mg.kg') and alkali basalts (33.1 mg.kg"'). The distribution of cobalt in Slovakia’s
rocks displays a trend of falling contents from basic to acid intrusive and volcanic rocks.



Cr

Popri najnizsich hodnotdch obsahu Cr vo vdpencoch a dolomitoch blizkych medzi
stanovenia (5 mg.kg™') sa obsah tohto prvku v hornindch Slovenska pohybuje v rozmedzi
0d 9,2 mg.kg™! (ryolity) a7 po 187,2 mg.kg™ (intermedidrne aZ bazické metavulkanity). Na-
Se udaje zodpovedaju celkovému trendu zniZovania obsahu chrému od bézickych hornin
smerom Ku kyslym magmatickym a vulkanickym hornindm.

Tlovee, a najma pieskovee Slovenska majui v porovnani so zahrani¢nou odbornou literatu-
rou (tab. 4) zvySeny priemerny obsah chrému. Tento fenomén zrejme spdsobil bazicky
charakter ich zdrojovych hornin.

Cu

Horniny Slovenska obsahuji med v priemere od 3,8 mg.kg"! v dolomitoch aZ po 44,4
mg.kg™! v alkalickych bazaltoch. Obsah medi pritom klesd od bdzickych hornin ku kyslym
magmatickym a vulkanickym hornindm, ¢o zodpovedd poznatkom o distribticii medi
v horninovom prostredi.

V porovnani s idajmi z odbornej literatury (tab. 4) s o med ¢iasto¢ne ochudobnené neo-
génne intermedidrne a bazické vulkanity.

F

Najmenej fluéru (v priemere 155 mg.kg™") obsahuji bazalty a bazaltoidné andezity, naj-
viac sa koncentruje v flovcoch, resp. metapelitoch (499 mg.kg™, resp. 478 mg.kg™'). Geo-
chemicky najanomdlnejsia je vSak jeho distribticia v greizenizovanych granitoch gemerika,
ktoré ho obsahujui v priemere a7z 989 mgkg!. Distribticia F vo vSeobecnosti sleduje
tendenciu jeho prednostnej koncentrécie v kyslych magmatickych hornindch a v flovcoch.
Porovnanim nasich udajov s dostupnymi tidajmi z odbornej literatury (tab. 4) sa zistila is-
td disproporcia vo vySke priemerného obsahu F (ochudobnenie granitoidov Slovenska
o fludr). Tento fenomén pravdepodobne sposobila zna¢nd litologickd variabilita Studova-
ného suboru. NiZs$i priemerny obsah F v metapelitoch a v flovcoch moZe byt sposobeny
procesmi remobilizdcie pocas metamorfézy a naloZenych hydrotermdlnych procesov.

Fe

Udaje o distribuicii Zeleza sa tykaju suctu Fe>* a Fe** prepocitanych na FeO,. Najnizsi prie-
merny obsah Zeleza okrem karbondtov (minimum vo vdpencoch = 0,21 % FeO,) sa zistil
v greizenizovanych granitoch gemerika (1,46 %). Najvys$si obsah dosahuju intermedidrne
az bdzické metavulkanity (v priemere 11,41 % FeO,). Horniny Slovenska sleduju vyrazny
trend hromadenia Zeleza v bdzickych magmatickych a vulkanickych hornindch oproti
kyslym hornindm.

NiZsi priemerny obsah Zeleza v andezitoch v porovnani s udajmi v tab. 4 je spdsobeny pre-
vahou amfibolicko-pyroxenickych a amfibolicko-biotitickych andezitov a porfyrov nad
pyroxenickymi andezitmi bohatS$imi na Zelezo. Mierne ochudobnenie flovcov o Zelezo
pravdepodobne spdsobil relativne vysoky podiel karbondtovej primesi v tychto sedimen-
toch (v priemere 16 % CaCO;,). Naopak, dvojndsobne zvySeny priemerny obsah Zeleza
v pieskovcoch Slovenska mohol spdsobit bdzicky charakter ich zdrojovych hornin.

Ga

Priemerny obsah gdlia sa v karbondtoch a pieskovcoch Slovenska pohybuje okolo hodno-
ty medze stanovenia (5 mg.kg™!). Najviac Ga v priemere obsahuju greizenizované granity
gemerika (21,3 mg.kg 1), resp. metapelity (S4 — 23,5 mg.kg™"). Tento prvok prejavuje md-
lo vyraznu tendenciu koncentrdcie v kyslejsich hornindch a v flovcoch.

Vyssi priemerny obsah Ga v subore metapsamity oproti idajom z odbornej literatury (tab.
4) je pravdepodobne odrazom zvy$eného podiclu flovej zloZky v tychto hornindch. Neo-
génne vulkanity javia mierne ochudobnenie v porovnani s ddajmi z literatury. NiZSie su aj
hodnoty priemerného obsahu flovcov a pieskovcov Slovenska. Je pravdepodobné, Ze defi-
cit gdlia v tychto hornindch, rovnako ako pri viacerych uz spominanych prvkoch, sposobu-
je pomerne vysoky podiel karbonatovej primesi (v priemere asi 16 % CaCO,).

Hg

Primdrny obsah ortuti v hornindch je velmi nizky. V §tudovanych hornindch Slovenska sa
jej priemerné hodnoty pohybuju v rozmedzi od 0,02 mg.kg! v dolomitoch az po 0,28
mg.kg™' v metapsamitoch. Pri magmatickych a vulkanickych hornindch nie je vyrazny trend
hromadenia Hg v kyslych ¢i bdzickych hornindch.

Zvyseny priemerny obsah Hg v metapieskovcoch oproti idajom z literatury (tab. 4) md
pravdepodobny povod v synsedimentdrnych exhalac¢no-vulkanickych a naloZenych
hydrotermdlnych procesoch. Tlovce Slovenska obsahujii v priemere poloviéné mnoZstvo
Hg - 0,185 mg.kg™!, ako uddva odbornd zahranicnd literattra (tab. 4). Tento fenomén,
vyskytujtici sa pri viacerych Studovanych prvkoch, moZe byt sposobeny zvySenym po-
dielom karbondtov v tychto hornindch. Naopak, priemerny obsah v pieskovcoch je vyssi
(0,137 mg.kg™), ¢o pravdepodobne spdsobili naloZené vulkanicko-exhalacné procesy.

K

Draslik sa vyznamnou mierou podiela na chemickom zloZeni $tudovanych hornin. V prie-
mere najmenej draslika je v karbondtovych hornindch (0,06 v dolomitoch a magnezitoch
paleozoika), najviac K obsahuju ryolity (4,26 % K,O), resp. granity gemerika (4,31 %).
V pripade draslika sa dd pozorovat jasny trend koncentrdcie v kyslych hornindch oproti
bdzickym hornindm. Zo sedimentov je podstatne viac draslika v flovcoch ako v pieskov-
coch.

Nizsi priemerny obsah K,O v granitoidoch Slovenska oproti hodnote uddvanej v odbornej
literatire (tab. 4) je odrazom bdzickejSicho charakteru granitoidov Slovenska. Ochudob-
nenie flovcov Slovenska o draslik pravdepodobne sposobil, rovnako ako pri viacerych opi-
sanych prvkoch, vysoky podiel karbondtovej primesi.

La

mg.kg™'), najviac La v priemere maji metapelity (42,1 mg.kg™'). Lantdn prejavuje pomer-

Differences against published data (Tab. 4) stem from a slightly lower cobalt contents in
Slovakia's Neogene basic volcanics and claystones. In contrast, the several times higher
cobalt contents in Slovakia's sandstones may reflect the basic character of their source
rocks.

Cr

Apart from the lowest Cr contents in limestones and dolomites close to the detection
limit (5 mg.kg!), the contents of this element in Slovakia's rocks range from 9.2 mg.kg
"in rhyolites to as much as 187.2 mg.kg'in intermediate and basic metavolcanics. Our
data correspond to the general trend of chromium contents in volcanic and intrusive
rocks decreasing from basic to acid ones.

The average contents of chromium in Slovakia's claystones, but mainly sandstones are
higher than published data (Tab. 4). This phenomenon is probably due to a basic
character of their source rocks.

Cu

The average copper contents in Slovakia's rocks range from 3.8 mg.kg'in dolomites to
44.4 mg.kg'in alkali basalts. The contents in intrusive and volcanic rocks fall from basic
to acid ones in compliance with general data on the distribution of copper in the rock
environment.

A comparison with published data (Tab. 4) reveals that Neogene intermediate and basic
volcanics in Slovakia often contain less copper.

F

The lowest fluorine contents (on average 155 mg.kg') occur in basalts and basaltoid
andesites, whereas the highest are in claystones and metapelites (444 and 478 mg.kg",
respectively). The highest geochemical anomalies, however, have been identified in
greisenized Gemeric granites averaging 989 mgkg! E Fluorine essentially tends to
concentrate mainly in acid intrusive rocks and claystones.

Compared with published data (Tab. 4), Slovakia's rocks display some differences in the
average contents of F (lower F concentrations in granitoids). This phenomenon is likely
to reflect the high lithologic variability of the studied set. The lower average F contents
in metapelites and claystones may have been caused by remobilization during metamor-
phism and ensuing hydrothermal processes.

Fe

The data on the distribution of iron involve both ferrous and ferric iron recalculated to
FeOT. Apart from carbonates (minimum content in carbonates = 0.21 % FeO,), the
lowest average iron content has been found in greisenized Gemeric granites (1.46 %).
The highest contents are in intermediate and basic metavolcanics (on average 11.41 %
FeOT).

Basic intrusive and volcanic rocks in Slovakia are considerably richer in iron than acid
rocks (Tab. 4). This is caused by the predominance of amphibolite-pyroxene and
amphibolite-biotite andesites and porphyries over iron-rich pyroxene andesites. The
slightly lower iron contents in claystones presumably stem from a relatively abundant
carbonate admixture in these sediments (on average 16 % CaCO,). In contrast, the
content of iron in Slovakia's sandstones twice as high as published data could result
from the basic character of their source rocks.

Ga

The average content of gallium in Slovakia's carbonates and sandstones varies around
the detection limit (5 mg.kg?), and the highest average Ga levels occur in greisenized
Gemeric granites (21.3 mg.kg"') and metapelites (S4 - 23.5 mg.kg"). This element has a
slight tendency to concentrate in acid igneous rocks and claystones.

The higher-than-published average Ga content in the metapsammite set (Tab. 4) is likely
to reflect the increased percentage of clay component in these rocks. Slovakia's Neogene
volcanics contain slightly less Ga in comparison with published data. The average Ga
levels in Slovakia's claystones and sandstones are also lower, presumably owing to the
fairly abundant carbonate admixture (on average 16 % CaCO,) which is responsible
also for the deficiencies of some other above-mentioned elements.

Hg

Primary mercury contents in rocks are very low. In the investigated rocks of Slovakia the
element averages between 0.02 mg.kg! in dolomites to 0.28 mg.kg! in metapsammites.
Neither acid nor basic intrusives and volcanics display a clear trend to accumulate Hg.
The higher-than-published (Tab. 4) average Hg contents in Slovakia's metamorphosed
sandstones presumably stem from synsedimentary exhalation-volcanic and subsequent
hydrothermal processes. Slovakia's claystones average only one half (0.185 mg.kg") of
the average published content (Tab. 4). Noted in several investigated elements, this
phenomenon may be caused by the increased carbonate content in these rocks. In
contrast, the average Hg concentration in sandstones is higher (0.137 mg.kg"), presum-
ably as a result of superimposed volcanic-exhalation processes.

K

Potassium is a major element in the chemical composition of the studied rocks. The
lowest potassium contents occur in carbonate rocks (0.06 % K,O in Paleozoic
magnesites and dolomites), whereas the K-richest rock types are rhyolites (4.26 % K,0)
and Gemeric granites (4.31 % K,0). Potassium displays a clear tendency to concentrate
in acid rocks in preference to basic ones. As for sediments, claystones are much richer
in potassium than sandstones.

The lower average K,O content in Slovakia's granites in comparison with published
figures (Tab. 4) reflects the more basic chemistry of the former. Like several elements
discussed above, potassium is also deficient in Slovakia's claystones, probably thanks to
their abundant carbobate admixture.
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ne vyraznu tendenciu koncentrovat sa v kyslych hornindch, ¢o dokumentuju aj vysledky
Studia distribticie tohto prvku v hornindch Slovenska.

NiZ3i priemerny obsah lantdnu v granitoidoch Slovenska v porovnani so zahrani¢nou od-
bornou literattirou (tab. 4) dokumentuje spolu s dal$imi opisovanymi prvkami bdzickejSie
zloZenie tychto hornin. V pripade granitov gemerika sposobili deficit La hydrotermdlne
procesy (greizenizdcia). Vdpence a dolomity mezozoika su oproti idajom z literattiry
obohatené o lantdn.

Li

Priemerny obsah litia v §tudovanych hornindch variruje od 2,5 mg.kg' v dolomitoch az po
51,9 mg.kg! v flovcoch. Narastanie obsahu litia smeruje ku kyslym hornindm, koncentru-
je sa v8ak najma v flovcoch. Paradoxne vyssi obsah tohto prvku v intermedidrnych az
bdzickych metavulkanitoch oproti prevaZzne kyslym metavulkanitom moZe mat suvis
s metamorfnou remobilizdciou a naloZenymi procesmi.

Vys§i priemerny obsah litia v metapsamitoch oproti udajom z literattiry (tab. 4) je pravde-
podobne odrazom zvySeného podicelu ilovej zloZky v tychto hornindch. V slabo metamor-
fovanych karbondtovych hornindch moZe byt zvySeny priemerny obsah Li sposobeny
naloZenymi procesmi kyslého charakteru. Pomerne vysoky podiel karbondtovej primesi
(v priemere asi 16 % CaCO,) v ilovcoch a pieskovcoch Slovenska je pravdepodobne aj pri
litiu priCinou niZSieho priemerného obsahu tohto prvku v porovnani s literattirou.

Mg

Najviac hor¢ika v priemere obsahuji dolomity a magnezity paleozoika (30,4
% MgO), resp. dolomity mezozoika (19,98 %). V ostatnych hornindch Slovenska sa prie-
merny obsah MgO pohybuje v rozmedzi od 0,33 % v greizenizovanych granitoch gemeri-
ka aZ po 7,36 % v alkalickych bazaltoch. V Studovanych hornindch je velmi dobre
pozorovatelny trend zvySovania obsahu hor¢ika od kyslych hornin smerom k bdzickym
hornindm.

Niz3i priemerny obsah horc¢ika v andezitoch oproti udajom z literattiry (tab. 4) je sposo-
beny prevahou amfibolicko-pyroxenickych a amfibolicko-biotitickych andezitov a porfyrov
nad pyroxenickymi andezitmi bohatsimi na hor¢ik. Ilovce, a najmé pieskovee Slovenska
maju v porovnani s udajmi v odbornej literattire zvySeny priemerny obsah horcika, ¢o zrej-
me sposobil bdzicky charakter ich zdrojovych hornin.

Mn

Mangdn vstupuje do chemického zloZenia dolomitov, resp. ryolitov najmensou mierou,
a to v priemere 0,013 %, resp. 0,026 % MnO. Najvyssi priemerny obsah MnO je v interme-
didrnych az bdzickych metavulkanitoch — 0,189 %. Distribticia mangdnu v hornindch Slo-
venska dosledne kopiruje vSeobecnu tendenciu jeho akumuldcie smerom k bdzickym
magmatickym a vulkanickym hornindm. Zo sedimentdrnych hornin viac Mn obsahuju
flovce ako pieskovce.

Zvyseny priemerny obsah mangdnu oproti udajom z odbornej literatiry (tab. 4)
v metapsamitoch pravdepodobne spdsobil zvySeny podiel flovej zloZky. Pieskovce Sloven-
ska su bohatsie na mangdn zrejme v dosledku bazického charakteru ich zdrojovych hor-
nin. NiZ8i priemerny obsah mangdnu v porovnani s literatirou prakticky vo vSetkych
stiboroch neogénnych vulkanitov (najviac v pripade ryolitov) stvisi s ich genézou.

Na

Priemerny obsah sodika v hornindch Slovenska popri vyrazne najniZSom obsahu
v karbondtoch (najmenej 0,05 % Na,O v dolomitoch) variruje v rozmedzi od 0,89 % Na,O
v flovcoch az po 3,80 % v granitoidoch Slovenska. Sodik sleduje trend vy$Sej koncentrd-
cie v alkalickych a intermedidrnych magmatickych a vulkanickych hornindch oproti
kyslym a bdzickym hornindm. Zo sedimentov, na rozdiel od vacsiny Studovanych prvkov,
sa viac sodika viaZe na pieskovce ako na ilovce, priom tu vystupuje najméa v klastoch Ziv-
COV.

Vicsina neogénnych vulkanickych hornin je v porovnani s idajmi v odbornej literature
(tab. 4) mierne ochudobnend o sodik, pricom vysvetlenie je zrejme potrebné hladat v ich
genéze. Mierne ochudobnenie o Na pri flovcoch a pieskovcoch Slovenska zrejme sposobu-
je pomerne vysoky podiel karbondtovej primesi.

Ni

hornindch Slovenska jeho priemerny obsah variruje od 3 mgkg™!, resp. 3,1 mgkg!
v greizenizovanych granitoch gemerika, resp. ryolitoch a7 po 58,4 mg.kg™' v intermedidr-
nych az bdzickych metavulkanitoch, resp. 93,9 mg.kg! v alkalickych bazaltoch. Horniny
Slovenska sleduju v§eobecny trend narastania obsahu Ni od kyslych hornin k bdzickym
hornindm, ako aj ich va¢siu akumuldciu v flovcoch oproti pieskovcom.

Nizsi priemerny obsah niklu v andezitoch je v porovnani s odbornou literattirou (tab. 4)
podobne ako pri hor¢iku pravdepodobne spdsobeny prevahou amfibolicko-pyroxenickych
a amfibolicko-biotitickych andezitov a porfyrov nad pyroxenickymi andezitmi bohat$imi
na nikel. Rovnako priemerny obsah Ni v flovcoch Slovenska je oproti idajom z odbornej
literatuiry niZsi.

P

Fosfor sa na chemickom zloZeni hornin Slovenska podiela rozlicnou mierou. Jeho prie-
merny obsah variruje od 0,02 % P,O, v dolomitoch do 0,59 % v alkalickych bazaltoch. Vo
vacSine ostatnych Studovanych typov hornin sa vSak jeho obsah pohybuje v rozmedzi od
0,1 do 0,25 % P,O;. V magmatickych a vulkanickych hornindch sleduje fosfor vseobecny
trend koncentrdcie od kyslych hornin po bazické horniny.

Obohatenie o fosfor oproti porovnatelnym udajom z literattiry (tab. 4) sposobil v pripade
metapieskovcov pravdepodobne vyssi podiel flovej zloZzky a pri pieskovcoch bdzicky
charakter ich zdrojovych hornin. Naopak, ochudobnenic o fosfor javia mezozoické
karbondtové sedimenty, najmé dolomity. NiZ${ priemerny obsah fosforu v andezitoch a por-
fyroch v porovnani s literatirou spdsobuje prevaha amfibolicko-pyroxenickych a amfibo-

La

The lowest average content of lanthanum has been noted in Paleozoic magnesites and
dolomites (2.4 mg.kg'), the highest in metapelites (42.1 mg.kg'). The element displays
a fairly clear tendency to concentrate in acid rocks as is suggested also by the results of
the study of its distribution in Slovakia's rocks.

As is the case with some other investigated elements, the lower average lanthanum
content in Slovakia's granitoids in comparison with granitoids described abroad (Tab. 4)
results from the more basic character of the former. The La deficiency in Gemeric
granites originated from hydrothermal processes (greisenization). Mesozoic limestones
and dolomites in Slovakia are richer in lanthanum than those found worldwide.

Li

The average lithium contents in the studied rocks range from 2.5 mg.kg! in dolomites
to as much as 51.9 mg.kg"! in claystones. Lithium contents increase towards acid rocks,
but the highest concentrations are in claystones. Strange enough, the contents of this
element in intermediate and basic metavolcanics are higher than in predominantly acid
ones, possibly as a result of metamorphic remobilization and ensuing processes.

The higher-than-published (Tab. 4) average lithium content in Slovakia's metapsam-
mites presumably reflects the abundant clay component in these rocks. The incresed Li
contents in weakly metamorphosed carbonate rocks may stem from subsequent process-
es of an acid character. The fairly high percentage of a carbonate admixture (on average
approximately 16 % CaCO,) in Slovakia's claystones and sandstones is presumably
responsible for a low lithium content in these rocks in comparison with published
figures.

Mg

The highest magnesium values occur in Paleozoic magnesites and dolomites (30.4 %
MgO) and Mesozoic dolomites (19.98 %). Other rock types in Slovakia average from
0.33 % MgO in greisenized Gemeric granites to 7.36 % in alkali basalts. The magnesium
contents in the studied rocks clearly tend to increase from acid towards basic rocks.
The lower-than-published average content of magnesium in andesites (Tab. 4) stems
from the prevalence of amphibole-pyroxene and amphibole-biotite andesites and
porphyries over magnesium-rich pyroxene andesites. Compared to published data,
Slovakia's claystones but mainly sandstones have higher average magnesium contents
probably as a result of the basic character of their source rocks.

Mn

Manganese is rarest in dolomites and rhyolites (on average 0.013 and 0.026 MnO,
respectively) and most abundant in intermediate and basic metavolcanics - 0.189 %. The
distribution of manganese in Slovakia's rocks strictly reflects a general tendency of rising
concentrations towards basic intrusive and volcanic rocks. As for Mn contents in
sediments, claystones are richer than sandstones.

The higher-than-published average manganese contents in metamorphosed psammites
(Tab. 4) are likely to stem from their abundant clay admixture. Slovakia's sandstones are
richer in manganese possibly owing to a more basic character of their source rocks. The
lower-than-published average manganese contents in virtually all sets of Neogene
volcanics (notably rhyolites) result from their genesis.

Na

Aside from by far the lowest concentrations in carbonates (lowest contents among
carbonates occur in dolomites - 0.05 % Na,O), the average sodium contents in
Slovakia's rocks range from 0.89 % Na,O in claystones to 3.80 % in granitoids. Sodium
tends to concentrate in alkali and intermediate intrusive and volcanic rocks in preference
to acid and basic ones. As for sediments, unlike most studied elements, sodium’s
contents are lower in claystones than in sandstones where it is bound largely to feldspar
grains.

In comparison with published data (Tab. 4), most Neogene volcanic rocks are slightly
lower in sodium, the cause should probably be sought in their genesis. The mildly lower
Na concentrations in Slovakia's claystones and sandstones are presumably due to the
plentiful carbonate admixture.

Ni

By far the lowest average percentage of nickel has been noted in dolomites (1.4 mg.kg').
In the other Slovakia's rocks, its contents average from 3 mg.kg! in greisenized Gemeric
granites and 3.1 mg.kg! in rhyolites to 58.4 mg.kg"! in intermediate and basic metavol-
canics and 93.9 mg.kg! in alkali basalts. Slovakia's rocks comply with a worldwide trend
of growing Ni contents from acid to basic rocks, and Ni is more abundant in claystones
than in sandstones.

The lower-than-published average nickel content in andesites (Tab. 4) is likely to result
from the predominance of amphibole-pyroxene and amphibole-biotite andesites and
porphyries over nickel-rich pyroxene andesites. Similarly, the average Ni content in
Slovakia's claystones is lower than published figures are.

P

The phosphorus percentage in Slovakia's rocks is variable. Its average contents range
from 0.02 % P,0O; in dolomites to 0.59 % in alkali basalts. In most other studied rock
types, however, the phosphorus content varies between 0.1 and 0.25 % P,O.. In intrusive
and volcanic rocks, phosphorus values increase from acid to basic types.

The higher-than-published phosphorus values in Slovakia's metasandstones (Tab. 4) are
likely to result from the higher content of their clay admixture, and those in unmeta-
morphosed sandstones are probably due to the basic character of their source rocks. In
contrast, the phosphorus contents in Mesozoic carbonate sediments are lower than the
published data. The lower average phosphorus contents in Slovakia's andesites and
porphyries in comparison with published figures stem from the predominance of



licko-biotitickych andezitov a porfyrov nad pyroxenickymi andezitmi bohatsimi na fosfor.
Wyrazne menej fosforu v porovnani s literatirou obsahuju ryolity, ¢o mozZe byt podmiene-
né geneticky. Mierne ochudobnenie flovcov Slovenska o tento prvok md pravdepodobne
stivis s vy§sim podiclom karbondtovej primesi v danych hornindch (v priemere asi
16% CaCO,).

Pb

Priemerny obsah olova v hornindch Slovenska dosahuje hodnoty v rozmedzi od 2 az 2,6
mg.kg"! (dolomity a magnezity paleozoika, dolomity mezozoika) aZz do 19,7 mg.kg!
v granitoidoch. VSeobecnd tendencia koncentrdcie olova v kyslych hornindch je pozorova-
telnd tak v neogénnych vulkanitoch, ako aj v granitoidoch Slovenska. V metavulkanitoch
sme tento trend nepozorovali. PriCinou toho sa javi litologickd variabilita danych hornin,
pripadne naloZené procesy.

V porovnani s pieskovcami flovce v sulade s geochemickou distribiiciou Pb dosahuju
v priemere mierne vy$$i obsah tohto prvku. V porovnani s odbornou literatirou (tab. 4) st
v8ak oba horninové typy mierne ochudobnené o olovo.

Rb

Najmenej rubidia zo vsetkych Studovanych hornin Slovenska sa v priemere koncentruje
v karbondtovych hornindch paleozoika (hodnoty okolo medze stanovenia Rb = 5 mg.kg™)
a mezozoika (6,6 az 10 mg.kg™"). V ostatnych hornindch dosahuje rozmedzie priemerné-
ho obsahu hodnoty od 27,6 mg.kg™! v intermedidrnych aZ bézickych metavulkanitoch az
do 197,9 mg.kg™! v ryolitoch. Geochemicky anomdlna je distribticia Rb v greizenizovanych
granitoch gemerika s priemerom 302,1 mg.kg'. Geochemické vystupovanie rubidia sa vel-
mi podobd sprdvaniu draslika, preto sa Rb najviac koncentruje v kyslych a alkalickych
magmatickych a vulkanickych hornindch a zo sedimentov v flovcoch.

Obohatenie metapsamitov o Rb v porovnani s hodnotami uvddzanymi v literattre (tab. 4)
je dosledkom zvySeného podielu ilovej frakcie v tychto hornindch. Naopak, ochudobnenie
iflovcov o tento prvok moZe spdsobovat pomerne vysoky podiel karbondtovej primesi.

Sb

Distribucia antimonu v hornindch Slovenska je do istej miery $pecifickd, ¢o sa vo vacSine
z nich prejavuje vy$§im priemernym obsahom Sb oproti uvddzanym ddajom z odborne; li-
terattry. Najmenej Sb v priemere obsahujui neogénne vulkanické horniny, a to bazalty a7
bazaltoidné andezity (0,31 mg.kg™) a andezity a porfyry (0,37 mg.kg™"). Najviac sa tento
prvok v priemere koncentruje v metapsamitoch (1,86 mgkg™), resp. v hydrotermdlne
postihnutych granitoch gemerika (1,96 mg.kg™"). Trend koncentrdcie Sb na $pecificky hor-
ninovy typ nie je vyrazny.

Pri¢iny uvedeného nickolkondsobne zvySeného regiondlneho fénu antiménu oproti tda-
jom v literature (vacSinou sa uddva okolo 0,2 mg.kg™! — tab. 4) mozu byt rozne. Pravdepo-
dobne medzi ne patria metamorfné a hydrotermdlne procesy regiondlneho vyznamu
v Spissko-gemerskom rudohori, ako aj v dalsich pohoriach budovanych najmi paleozoic-
kymi metamorfovanymi horninami a terciérny vulkanizmus. Svoju rolu zohral aj charak-
ter zdrojovych hornin pieskovcov a flovcov Slovenska.

Se

Podiel selénu na chemickom zloZen{ hornin Slovenska je relativne velmi maly, pretoZe je-
ho priemerny obsah v uplnej vacSine z nich sa pohybuje okolo hodnoty medze stanovenia
(0,05 mg.kg™"). Vyssi obsah v priemere dosahuju len flovce Slovenska, a to 0,27 mg.kg".
Ojedinelé zvySené hodnoty obsahu Se v niektorych typoch hornin majui svoj pdvod v na-
loZenych procesoch, pri ktorych sa Se viaZze najma v sulfidoch.

Oproti literature (tab. 4) su flovce Slovenska ochudobnené o Se, ¢o aj pri tomto prvku mo-
Ze sposobovat zvySeny podiel karbondtovej primesi (v priemere 16 % CaCO,).

Sn

Priemerny obsah cinu v karbondtovych hornindch dosahuje hodnotu blizku jeho medzi
stanovenia (1 mg.kg™"). V ostatnych hornindch jeho obsah variruje v priemere vo velmi
uizkom rozmedzi, od 1,4 mg.kg™' v bazaltoch az bazaltoidnych andezitoch do 4 mg.kg!
v prevazne kyslych metavulkanitoch. Vynimku tvori geochemicky anomédlna distribticia
Sn v granitoch gemerika (v priemere 25,6 mgkg'), ¢o je spdsobené procesmi
greizenizdcie. V paleozoickych hornindch je pozorovatelny trend koncentrdcie Sn
v kyslych hornindch, vo vulkanitoch tento trend nie je vyrazny. Rozdiel v distribicii ci-
nu v pieskovcoch a flovcoch nie je taky vyrazny, ako uddva zahrani¢nd odbornd litera-
tura (tab. 4).

Sr

Distribucia Sr je jedna z najvariabilnejSich spomedzi vietkych Studovanych prvkov. Najvys-
§i priemerny obsah dosahuje stroncium v alkalickych bazaltoch (920 mg.kg™"). Najmenej
Sr obsahujui dolomity a magnezity (v priemere 14,8 mg.kg™"), anomdlne nizky je aj jeho
priemerny obsah v greizenizovanych granitoch gemerika (40,7 mg.kg™). Ostatné horniny
Slovenska obsahuju stroncium v priemere od 53,3 mg.kg™! v prevazne kyslych metavulka-
nitoch do 428,2 mgkg! v bazaltoch aZ bazaltoidnych andezitoch. V literattire uddvand
tendencia koncentrovania stroncia skor v intermedidrnych a7 bazickych magmatickych
a vulkanickych hornindch je pozorovatelnd aj v hornindch Slovenska. Vyraznd je aj vazba
na vdpence a alkalické horniny.

Ti

(0,018 % TiO, v dolomitoch mezozoika az 0,097 % vo vdpencoch paleozoika), variruje
v priemere od 0,155 % TiO, v greizenizovanych granitoch gemerika az do 1,459 % TiO,
vintermedidrnych az bdzickych metavulkanitoch. VSeobecne najviac titdnu obsahuju alka-
lické bazalty (2,46 % TiO,). Horniny Slovenska sleduju trend zvySovania obsahu titanu od
kyslych hornin smerom k bdzickym hornindm, ako aj vy$§iu koncentrdciu tohto prvku
v flovcoch oproti pieskovcom.

amphibole-pyroxene and amphibole-biotite andesites and porphyries over phosphorus-
rich pyroxene andesites. The much-lower-than-published contents of phosphorus in
Slovakia's rhyolites may have genetic causes. The slightly lower P values in claystones
are probably related to the higher percentage of a carbonate admixture in these rocks (on
average approximately 16 % CaCO,).

Pb

The average lead contents in Slovakia's rocks range from 2 - 2.6 mg.kg' in Paleozoic
magnesites and dolomites and Mesozoic dolomites to 19.7 mg.kg! in granitoids. A
general tendency of lead to concentrate predominantly in acid rocks is obvious in both
Slovakia's granitoids and Neogene volcanics. Metamorphosed volcanics, however, do
not display this trend, presumably due to their lithological diversity or alteration
processes.

The average Pb value in Slovakia's claystones is moderately higher than that in
sandstones, but in comparison with their foreign counterparts (Tab. 4) both rock types
are slightly deficient in lead.

Rb

The lowest average rubidium concentrations among Slovakia's rocks occur in carbon-
ates of Paleozoic (values oscillate around the 5 mg.kg! detection limit) and Mesozoic
age (6.6 to 10 mgkg"). In the other rock types, the average values range from 27.6
mg.kg'in intermediate and basic metavolcanics to 197.9 mg.kg"'in rhyolites. The distri-
bution of Rb in greisenized Gemeric granites is geochemically anomalous averaging as
much as 302.1 mgkg!. The geochemical dispersal of rubidium strongly resembles that
of potassium as the highest Rb values occur in acid and alkaline intrusive and volcanic
rocks and, among sediments, in claystones.

The higher-than-published Rb values in Slovakia's metapsammites (Tab. 4) result from
an abundant clay fraction in these sediments. In contrast, the lower contents of this
element in claystones may be due to their fairly high content of carbonate admixture.

Sb

The distribution of antimony in Slovakia's rocks is specific to some extent as their
average Sb contents are mostly higher than published figures. The lowest average Sb
concentrations have been noted in Neogene volcanic rocks, namely basalts and
basaltoid andesites (0.31 mg.kg') as well as andesites and porphyries (0.37 mg.kg™).
The highest average values occur in metapsammites (1.86 mg.kg") and hydrothermally
altered Gemeric granites (1.96 mg.kg™"). Sb does not display a clear tendency to prefer-
entially accumulate in any rock type.

The above-mentioned high regional background values of Sb, which are several times
higher than published ones (mostly ranging around 0.2 mgkg!, Tab. 4), could be
explained in several ways. The likely causes include regional-scale metamorphic and
hydrothermal processes in the Spi§sko-gemerské rudohorie Mts. and in the other
mountain ranges underlain largely by Paleozoic metamorphic rocks as well as Tertiary
volcanism. The character of the source rocks of Slovakia's sandstones and claystones
also played a role.

Se

The percentage of selenium in the chemical composition of Slovakia's rocks is relatively
very small as in the vast majority of the investigated rock types its average contents vary
around the detection limit (0.05 mg.kg"'). Higher average contents occur only in
claystones (0.27 mg.kg!). Rare increased values of Se in some rock types result from
epigenetic processes which supplied Se that was subsequently bound mostly to
sulphides. The lower-than-published Se concentrations in Slovakia's claystones (Tab. 4)
may be caused by the abundant carbonate admixture in these rocks (on average 16 %
CaCoO,).

Sn

The average tin content in carbonate rocks is close to the detection limit (I mg.kg"). In
the other rocks, its contents vary within a very narrow range from 1.4 mg.kg!in basalts
and basaltoid andesites to 4 mg.kg! in predominantly acid metavolcanics. The only
exception is the geochemically anomalous Sn distribution in Gemeric granites which
average 25.6 mgkg!'as a result of greisenization. In Paleozoic rocks, Sn tends to
accumulate in acid rock types, but in volcanics this trend is not obvious. The difference
between the distribution of tin in Slovakia's sandstones and claystones is not as great as
that given in foreign publications (Tab. 4).

Sr

The distribution of strontium ranks among the most variable of all studied elements.
The highest average St content has been noted in alkali basalts (920 mg.kg™"), the lowest
in dolomites and magnesites (on average 14.8 mg.kg'). The Sn content in greisenized
Gemeric granites (40.7 mg.kg") is anomalously low, too. The Sr concentrations in the
other rock types in Slovakia range from 53.3 mg.kg' in predominantly acid metavol-
canics to 428.2 mg.kg! in basalts and basaltoid andesites. In compliance with published
data, Sr in Slovakia’s intrusive and volcanic rocks also tends to accumulate mainly in
intermediate to basic types. Sr association with limestones and alkaline rocks is obvious
as well.

Ti

Apart from the lowest average values in carbonates (0.018 % TiO, in Mesozoic
dolomites and 0.097 % in Paleozoic limestones), the average titanium contents in
Slovakia's rocks vary from 0.155 % TiO, in gresenized Gemeric granites to 1.459 % TiO,
in intermediate and basic metamorphosed volcanics and 2.46 % TiO, in alkali basalts.
The titanium contents in Slovakia's igneous rocks increase from acid to basic rocks, and
the concentrations in claystones are higher than those in sandstones.
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Priemerné hodnoty obsahu Ti v bazaltoch a7 bazaltoidnych andezitoch a v andezitoch
a porfyroch su ni7sie, ako uddva odbornd literatura, ¢o pravdepodobne suvisi s vy$$im
priemernym obsahom SiO, (t. j. s ich kyslej$im charakterom) oproti tidajom z literatiiry
(tab. 4). Mierne niZsi priemerny obsah titdnu v flovcoch moZe sposobovat zvySeny podiel
karbondtovej primesi v tychto hornindch.

\'

Najmenej vanddu v priemere obsahuji dolomity (hodnota blizko medze dokazu
- 5mgkg™"), vostatnych karbondtoch je ho v priemere 8,3 a7 11,8 mg.kg™'. Anomadlne niz-
ka koncentrdcia vanddu je v greizenizovanych granitoch gemerika (v priemere 9,6 mg.kg™).
V ostatnych hornindch Slovenska priemerny obsah V variruje v rozmedzi od 13,8 mg.kg™!
v ryolitoch do 235,4 mgkg! v intermedidrnych az bazickych metavulkanitoch. V horni-
ndch Slovenska je moZné pozorovat vyrazny trend koncentrdcie vanddu v intermedidrnych,
a najmé bdzickych hornindch oproti kyslym hornindm. Aj flovce obsahuji vyrazne viac
tohto prvku oproti pieskovcom.

Granitoidy Slovenska v porovnani s idajmi v odbornej literattire javia ochudobnenie o va-
ndd (tab. 4). Naopak, viac ako dvojndsobny priemerny obsah vanddu v pieskovcoch moZze
byt sposobeny bdzickym charakterom ich zdrojovych hornin.

Y

Priemerny obsah v hornindch Slovenska variruje od 1,4 mg.kg" v dolomitoch do 28,7
mg.kg™!' v metapelitoch. Trend koncentrdcie ytria na Specificky horninovy typ nie je v hor-
nindch Slovenska vyrazny. Z neogénnych vulkanitov ho intermedidrne az bdzické horniny
obsahuju viac ako kyslé horniny. Pri paleozoickych metavulkanitoch je situdcia opacnd,
rozdiely vSak nie su velké. Aj rozdiel medzi obsahom Y v flovcoch (je vy$si) a pieskovcoch
Slovenska je relativne maly.

Ochudobnenie granitoidov a ryolitov o ytrium v porovnani s odbornou literatirou (tab. 4)
je podmienené genézou tychto hornin. ZvySeny podiel karbondtovej primesi v flovcoch
Slovenska sposobil zrejme ich ochudobnenie aj o ytrium.

Zn

Najmenej zinku v priemere obsahuji dolomity a magnezity (2,7 mgkg™), najviac
z karbondtovych hornin vdpence mezozoika (17,1 mgkg™"). Vplyvom hydrotermdlnych
premien je anomadlne nizky priemerny obsah Zn v granitoch gemerika (22,2 mg.kg™"). Os-
tatné horniny Slovenska obsahuju zinok v priemere od 32,7 mg.kg™! v ryolitoch do 108,8
mg.kg™! v intermedidrnych aZ bdzickych metavulkanitoch. Tendencia koncentrécie zinku
v hornindch Slovenska smeruje od kyslych hornin k intermedidrnym a7 bazickym horni-
ndm. Zo sedimentov ho viac obsahuju flovce ako pieskovce.

Vyssi obsah flovej zloZky v metapsamitoch v porovnani s ddajmi z literattry (tab. 4) spo-
sobil ich mierne obohatenie o zinok. Ilovce Slovenska maju oproti tidajom v literatuire niz-
§i priemerny obsah zinku, pieskovce, naopak, az dvojndsobne vys$si. Tento fenomén je
mozné vysvetlit bazickej$imi zdrojovymi horninami pieskovcov a flovcov, priom v pripa-
de flovcov doslo k premene tmavych Zeleznato-hore¢natych minerdlov, a tym aj k tbytku
zinku.

Zr

sah v karbondtoch (5,2 mg.kg™"! v dolomitoch a7 12,1 mg.kg™ vo vdpencoch). Rozmedzie
hodno6t priemerného obsahu Zr v ostatnych Studovanych hornindch Slovenska je takéto:
50,2 mg.kg! v greizenizovanych granitoch gemerika az 175,6 mgkg! v metapelitoch.
Trend koncentrdcie zirkénia v hornindch Slovenska nie je velmi vyrazny a smeruje skor
k alkalickym a intermedidrnym aZ bdzickym hornindm. Jeho obsah v flovcoch a pieskov-
coch je velmi podobny.

Ochudobnenie granitoidov a ryolitov o zirkénium v porovnani s tidajmi z literattiry (tab. 4)
je podobne ako v pripade ytria podmienené genézou tychto hornin. ZvySeny podiel
karbondtovej primesi v flovcoch Slovenska zrejme ovplyvnil deficit zirkénia (v priemere 16
% CaCoO,).
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The average Ti values in basalts and basaltoid andesites and porphyries in Slovakia are
lower than published figures (Tab. 4) probably as a result of the higher average silica
contents of the former (and hence also their more acid character). The slightly lower
average titanium content in Slovakia's claystones may be due to the abundant carbon-
ate admixture in these rocks.

\%

The lowest average vanadium values occur in dolomites (close to the 5 mg.kg! detection
limit), in the other carbonates the contents range between 8.3 and 11.8 mgkg'. The
concentration of vanadium in greisenized Gemeric granites is anomalously low (on
average 9.6 mg.kg'). In the other Slovakia's rocks, the average vanadium contents range
from 13.8 mg.kg! in rhyolites to 235.4 mg.kg'in intermediate and basic metavolcanics.
Vanadium in Slovakia's rocks displays a strong tendency to accumulate in intermediate,
but mainly basic rocks at the expense of acid ones. Claystones are much richer in this
element than sandstones.

The vanadium contents in Slovakia's granitoids are somewhat lower than published data
(Tab. 4). In contrast, the more-than-twice-as-high vanadium content in Slovakia's
sandstones may result from the basic character of their source rocks.

Y

The average yttrium concentrations in Slovakia's rocks vary from 1.4 mgkg!' in
dolomites to 28.7 mg.kg' in metapelites. The element does not display a clear tendency
to concentrate in any rock type. Intermediate and basic Neogene volcanics are richer in
Y than acid ones. As for Paleozoic metavolcanics, the case is different but differences in
Y values are fairly small. The difference in the Y contents between Slovakia's claystones
(richer in Y) and sandstones is relatively small, too.

The lower-than-published yttrium values in Slovakia's granitoids and rhyolites are
caused by the genesis of these rocks. The increased carbonate content in Slovakia's
claystones is presumably responsible for their deficiency in yttrium.

Zn

The lowest average concentrations of zinc have been noted in magnesites (2.7 mg.kg'),
the highest-zinc carbonates being Mesozoic limestones (17.1 mg.kg'). Hydrothermal
alterations are responsible for an anomalously low Zn content in Gemeric granites (22.2
mg.kg?!). In the other rock types, the average zinc values vary from 32.7 mgkg!' in
rhyolites to 108.8 mg.kg! in intermediate and basic metavolcanics. Zinc concentrations
tend to rise from acid to intermediate to basic igneous rocks. As for sediments,
claystones in Slovakia are richer in zinc than sandstones.

The higher-than-published content of clay in Slovakia's metapsammites (Tab. 4) is the
cause of their slightly higher zinc concentrations. In comparison with published figures,
Slovakia's claystones average less zinc, but the values in Slovakia's sandstones are twice
as high. This can be explained by the more basic source rocks of the sandstones and
claystones. Mafic ferromagnesian minerals in the claystones were altered and
consequently depleted in zinc.

Zr

Like the majority of the elements discussed above, zirconium displays the lowest average
contents in carbonates (5.2 mg.kg' in dolomites and 12.1 mg.kg"' in limestones). In the
other studied rocks, the average Zr concentrations vary from 50.2 mg.kg! in greisenized
Gemeric granites to 175.6 mg.kg! in metapelites. This element has no clear tendency to
accumulate in any rock type, but still alkaline and intermediate to basic rocks are
somewhat enriched. The Zr values in Slovakia's claystones and sandstones are very
similar.

Like the contents of yttrium, the lower-than-published Zr values in Slovakia's granitoids
and rhyolites (Tab. 4) result from the genesis of these rocks. The increased percentage
of a carbonate admixture in Slovakia's claystones (on average 16 % CaCO,) is probably
responsible for lower zirconium contents.
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7. METALOGENEZA UZEMIA

Rudné loziskd a mineralizované zény predstavuji prirodzeny kontrastny zdroj
tazkych kovov a inych toxickych prvkov. Uvolilovanie tychto prvkov do obehu
podzemnych a povrchovych vod zdvisi najma od minerdlneho zloZenia rid a minera-
lizovanych hornin, ich agregdtneho stavu, pufrac¢nej schopnosti okolitych hornin,
klimatickych pomerov a hydrogeologickych podmienok. S ohladom na skuto¢nost, Ze
tazké kovy a iné toxické prvky su primdrne viazané prevazne na sulfidy a sulfosoli, ich
uvolilovanie suvisi najmé s procesmi oxiddcie v dosledku kontaktu s infiltrujicimi
zrdZkovymi vodami, alebo priamo so vzdusnym kyslikom. Otvdrkou rudnych loZisk a
haldovanim mineralizovanych hornin sa ich interakcia so zrdZkovymi vodami a
vzdusnym kyslikom rddovo zvySuje, €o sa prejavuje imerne zvySenou kontamindciou
vod.

Problematiku vplyvu rudnych loZisk a mineralizovanych z6n na Zivotné prostredie
podrobnejsie riesia geoenvironmentdlne modely jednotlivych typov loZisk, ktorych
spracovanie na Slovensku je v sticasnosti len v poc¢iato¢nom §tddiu. Preto v dalSom
texte uvddzame len najzdkladnejSie tdaje, vychddzajuic z publikovanych tdajov. Treba
zdoraznit, Ze dostupné informdcie sa tykajui najméa hlavnych a vedlajsich uzitkovych
prvkov rid a mineralizovanych zén, zatial ¢o ddaje o ostatnych prvkoch su len
sporadické, ale na ich pritomnost sa dd usudzovat aj z idajov o minerdlnom zloZeni.
Uvedené ddaje majui umoznit interpretdciu anomdlneho obsahu prvkov vo voddch a
rie¢nych sedimentoch s rozliSenim prirodzenych a antropogénnych zdrojov.
Geologickd stavba a vyvoj uzemia Slovenska podmieiuji skutocnost, Ze prejavy
mineralizdcie sa koncentruji najmi v kryStaliniku tatrika a veporika, v niZSie
metamorfovanych vulkanosedimentdrnych komplexoch gemerika a v neovulkanitoch.
Prehlad zdkladnych genetickych typov mineralizdcie, loZiskovych typov, ich prostre-
dia, minerdlneho zloZenia a zasttipenia hlavnych a vedlajSich prvkov uddva tab. 5.
Rejuvenizdcia syngenetickych mineralizdcii v nasledujicom orogénnom S§tddiu,
respektive rejuvenizdcia hercynskych mineralizdcii alpinskymi procesmi a ich pripad-
nd podobnost maju za ndsledok nejednoznacné respektive problematické zaradenie
niektorych mineralizdcii. RozloZenie rudnych loZisk a loZiskovych vyskytov v ¢leneni
na mineralizacné typy je zndzornené na mape loZisk (obr. 7).
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7. METALLOGENY OF SLOVAK TERRITORY

Ore deposits and mineralized zones are a natural pronounced source of heavy metals
and other toxic elements. The release of these elements into ground and surface
waters depends mainly on the mineral composition of ores and mineralized rocks,
their aggregate state, buffer capacity of the surrounding rocks, climatic and hydroge-
ological conditions. As heavy metals and other toxic elements are bound primarily to
sulphides and sulphosalts, their release is controlled largely by oxidation processes
due to the contact with seeping meteoric water or directly with atmospheric oxygen.
Ore mining and dumping of mineralized rocks multiplies the exposure of toxic
elements to meteoric water and atmospheric oxygen, which in turn increases water
contamination.

Environmental impacts of ore deposits and mineralized zones are investigated in
more detail by means of geoenvironmental models of respective types of deposits
whose compilation in Slovakia is just in the initial stage. For this reason, only the
most fundamental published data are given in the following text. It should be noted
that the available information regards mostly major and minor economic elements of
ores and mineralized zones. Information on the other elements is scarce, but their
presence can be inferred from the mineral composition. These data should allow to
interpret anomalous elemental contents in waters and stream sediments and to distin-
guish their natural sources from human-related ones.

Owing to the geological structure and history of Slovak territory, mineralization is
concentrated primarily in the crystalline units of the Tatricum and Veporicum, mildly
metamorphosed volcanosedimentary complexes of the Gemericum and in Neogene
volcanics. An overview of the major types of mineralization, types of mineral deposits,
their settings, mineral composition and presence of major and minor elements are in
Tab. 5. The assignation of some mineralizations is controversial because the rejuve-
nation of some syngenetic mineralizations in a subsequent orogeny and the rejuvena-
tion of Hercynian mineralizations by Alpine processes gave rise to similar
mineralizations. The distribution of ore deposits and occurrences by mineralization
types is illustrated on a map of mineral deposits (Fig. 7).
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Tab. 5 Prehlfad rudny
Slovenska

ch lozisk a vyskytoyv

Zostavené na zaklade publikacii Slavik et al. (1967), Burian et al. (1985), Kodéra et al. (1989, 1990),
Chovan et al. (1994), Grecula et al. (1995, 1997), Tréger a Balaz (1998).

Loziskovy typ, Mineraly: Prvky:
loZiska a vyskyty hlavné, vedlajSie hlavné, vedlajsie

Tab.5 An overview of
deposits and occurre

Slovakia’'s ore
nces

(after Slavik et al. (1967), Burian et al. (1985), Kodéra et al. (1989, 1990), Chovan et al.
(1994), Grecula et al. (1995, 1997) and Tréger, Balaz (1998).

PREDHERCYNSKE A RANOHERCYNSKE STADIUM

type of deposit,
deposits and occurrences

minerals:
major, minor

elements:
major, minor

Ultramafické horniny tatrika a veporika
magmatické a tektonické procesy, procesy serpentinizacie

PRE-HERCYNIAN AND EARLY HERCYNIAN STAGES

magmatické a pneumatoliticko-hydrotermélne mineralizacie

Ultrabasic rocks of Tatricum and Veporicum
magmatic and tectonic processes, serpentinization processes

magmatic and pneumatolitic-hydrothermal mineralizations

nickel-bearing ultrabasic bodies
I-:’ohronska’ Polhora, Berius, Filipovo, Myto pod
Dumbierom

pyrrhotite, chalcopyrite, pentl-
andite, pyrite, marcasite, mag-
netite, ilmenite, chromite, covellite

Fe, S, Mg,
Ni, Cr, Ti, Cu

crystalline schists of Tatricum and Veporicum
pre-metamorphic sedimentation and volcanic processes

niklonosné ultramafické telesa pyrotin, chalkopyrit, pentlan- Fe, S, Mg,
Pohronska Polhora, Benus, Filipovo, Myto | dit, pyrit, markazit, magnetit, Ni, Cr, Ti, Cu
pod Dumbierom ilmenit, chromit, kovelin
kryStalické bridlice tatrika a veporika
predmetamorfné sedimentarne a vulkanické procesy
syngenetické masivno-sulfidické mineralizacie
pyritovo-pyrotinové loziska a vyskyty pyrit, pyrotin, chalkopyrit, Fe, S,
Pezinok, Helpa, Ratkovské Bystré sfalerit, pentlandit Cu, Zn, Ni, Co

syngenetic massive-sulphide mineralizations

stratiformné min

eralizacie (typ ¢iernych bridlic)

stratiformné Sb-Au loziska a vyskyty
rejuvenizované v hercynskom orogénnom
Stadiu

pozri dalej

pozri dalej

stratiformné vyskyty scheelitu
Klenovec, Rimavska Baria, Cierny Balog

scheelit, pyrit, pyrotin?,
arzenopyrit?

Wl
Fe, S, As?

pyrite-pyrrhotite deposits and occurren- | pyrite. pyrrhotite, chalcopy- Fe, S,

ces Pezinok, Helpa, Ratkovské Bystré rite, sphalerite, pentlandite Cu, Zn, Ni, Co
(black-shale-type) stratiform mineralizations

stratiform Sb-Au deposits and occurren-ces | see below see below

rejuvenated in Hercynian orogenic stage

stratiform scheelite occurrences scheelite, pyrite, pyrrhotite?, W,

Klenovec, Rimavské Bana, Cierny Balog arsenopyrite? Fe, S, As?

vyskyty kovonosnych bridlic

pyrit, pyrotin?, arzenopyrit,
antimonit, tetraedrit, sfalerit,
galenit, chalkopyrit, scheelit,
molybdenit

Fe, S, Cu, Pb, Zn, Ag,
Au, Sb, As, Mo, W, V

occurrences of metalliferous shales

pyrite, pyrrhotite?, arsenopyri-
te, antimonite, tetrahedrite,
sphalerite, galena, chalcopyri-
te, scheelite, molybdenite

Fe, S, Cu, Pb, Zn, Ag,
Au, Sb, As, Mo, W, V

metasomatické/diagenetické zatlacanie karbonatov s naloZzenym hydrotermalnym procesom
(genéza problematickd)

metasomatic/diagenetic carbonate repl

(u

ncertain genesis)

acement with a superimposed hydrothermal process

magnezitovo-mastencové loziska
Hnusta, Kokava nad Rimavicou

magnezit, mastenec, chlorit,
dolomit, pyrit, chalkopyrit,
tetraedrit, arzenopyrit, kobaltin

Mg,
Fe, S, Cu, Pb, Zn, Co,
Ni, Sb, As, Bi

magnesite-talc deposits
Hnusta, Kokava nad Rimavicou

magnesite, talc, chlorite, do-
lomite, pyrite, chalcopyrite, te-
trahedrite, arsenopyrite, cobaltine

Mg,
Fe, S, Cu, Pb, Zn, Co, Ni,
Sh, As, Bi

nizSie metamorfované vulkanosedimentarne komplexy gemerika

predmetamorfné sedimentarne a vulkanické procesy

weakly metamorphosed volcano-sedimentary complexes of Gemericum

pre-metamorphic sedimentary and volcanic processes

syngenetické masivno-sulfidické mineralizacie

syngenetic massive-sulphide mineralizations

Cu lozisko a vyskyty
Smolnik, Stés, Kotlinec

pyrit, chalkopyrit, pyrotin,
galenit, sfalerit, tetraedrit,
bizmut, boulangerit, bournonit

Fe, S, Cu,
Pb, Zn, Ag, Cd, Au, Bi,
Se, In,

Cu deposits and occurrences
Smolnik, Stés, Kotlinec

pyrite, chalcopyrite, pyrrhotite,
galena, sphalerite, tetrahedrite,
bismuth, boulangerite, bournonite

Fe, S, Cu,
Pb, Zn, Ag, Cd, Au, Bi, Se,
In,

Pb-Zn-Cu vyskyty
MniSek nad Hnilcom, Bystry Potok, Klatov,

pyrit, chalkopyrit, galenit,
sfalerit, arzenopyrit, tetraedrit,

Fe, S, Cu, Pb, Zn,
Ag, Cd, Ni, Co, Bi, As,

Pb-Zn-Cu occurrences
MniSek nad Hnilcom, Bystry Potok, Klatov,

pyrite, chalcopyrite, galena,
sphalerite, arsenopyrite, tetra-

Fe, S, Cu, Pb, Zn,
Ag, Cd, Ni, Co, Bi, As,

Balochova hola, Prakovce, KojSov, pyrotin, kasiterit Sn, Mo, In, Se
DobsSina-Leander, Slovinky-Lacemberska
dolina, Brusnik
stratiformné mineralizacie (typ ¢iernych bridlic)
vyskyty kovonosnych bridlic pyrit, arzenopyrit, chalkopyrit, | Fe, S, As,

galenit, sfalerit, tetraedrit,
pyrotin

Cu, Pb, Zn, Sb, Ag, Ni,
Co, Au

Balochova hola, Prakovce, KojSov, DobSi- | hedrite, pyrrhotite, cassiterite Sn, Mo, In, Se
na-Leander, Slovinky-Lacemberské dolina
Valley, Brusnik
(black-shale-type) stratiform mineralizations
occurrences of metalliferous shales pyrite, arsenopyrite, chalco- | Fe, S, As,

pyrite, galena, sphalerite,
tetrahedrite, pyrrhotite

Cu, Pb, Zn, Sb, Ag, Ni,
Co, Au

syngenetické Fe-Mn oxidické mineralizicie

syngenetic Fe-Mn oxidic mineralizations

stratiformné hematitovo-magnetitové
vyskyty Dobsina, Hnilec, Svedlar, Slovin-
ky, Hylov, KojSovska hola,

KoSické Hamre

magnetit, hematit, + pyrit,
pyrotin, chalkopyrit

Fe, Mn,
V, £ S, Cu, Ni, Co, Ba

stratiform hematite-magnetite occu-
rrences DobSina, Hnilec, Svedlar, Slovin-
ky, Hylov, KojSovska hola, KoSické Hamre

magnetite, hematite, * pyrite,
pyrrhotite, chalcopyrite

Fe, Mn,
V, =S, Cu, Ni, Co, Ba

stratiformné manganové vyskyty
Cuc€ma, Bystry Potok, Betliar

rodonit, rodochrozit, mag-
netit, pyroluzit, psilomelan,
manganit, wad, limonit,
chalkopyrit, arzenopyrit,

Mn, Fe,
+ Cu, Pb, As, Ba

stratiform manganese occurrences
Cuc€ma, Bystry Potok, Betliar

rhodonite, rhodochrosite,
magnetite, pyrolusite,
psilomelane, manganite,
wad, limonite, + chalcopyrite,
arsenopyrite, galena, baryte

Mn, Fe,
+ Cu, Pb, As, Ba
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| galenit, baryt

metasomatické/diagenetické zatlacanie karbonatov s naloZzenym hydrotermalnym procesom
(genéza problematickd)

metasomatic/diagenetic carbonate replacement with a superimposed hydrothermal process
(uncertain genesis)

magnezitovo-mastencové loziska
Gemerska Poloma, Vlachovo, Henclova,
MniSek nad Hnilcom

magnezit, mastenec, chlorit,
dolomit, pyrit, chalkopyrit,
tetraedrit, bournonit

Mg,
Fe, S, Cu, £ Pb, Zn, Co,
Ni, Sb, As

magnesite-talc deposits
Gemerska Poloma, Vlachovo, Henclova,
MniSek nad Hnilcom

magnesite, talc, chlorite,
dolomite, pyrite, chalcopyrite,
tetrahedrite, bournonite,

Mg,
Fe, S, Cu, + Pb, Zn, Co,

Ni, Sb, As

HERCYNSKE OROGENNE STADIUM

HERCYNIAN OROGENIC STAGE

metamorfované komplexy tatrika, veporika a gemerika
deformacia a metamorféza vulkanosedimentarnych komplexov

metamorphosed complexes of Tatricum, Veporicum and Gemericum
warping and metamorphism of volcano-sedimentary complexes

metamorfno-hydrotermalne Zilné mineralizacie

metamorphic-hydrothermal vein mineralizations

Fe-Cu sideritové vyskyty
pocetné vyskyty v celom rozsahu tatrika a
veporika, méZu byt aj paleoalpinske

siderit, ankerit, chalkopyrit,
pyrit, pyrotin, galenit, sfalerit,
tetraedrit, arzenopyrit,

baryt

Fe, Cu,
Pb, Zn, Sb, As, Ba

Fe-Cu siderite occurrences
numerous occurrences throughout Tatricum and
Veporicum, possibly also of Paleoalpine age

siderite, ankerite, chalcopyrite,
pyrite, pyrrhotite, galena,
sphalerite, tetrahedrite, arse-
nopyrite, baryte

Fe, Cu,
Pb, Zn, Sb, As, Ba

metamorfno-hydrotermalne stratiformné mineralizacie

metamorphic-hydrothermal stratiform mineralizatio

ns

stratiformné Sb-Au loziska a vyskyty
Pezinok, Pernek, Kuchyria

pyrit, arzenopyrit, antimonit,
bertierit, kermezit, pyrotin,
gudmundit, tetraedrit, sfalerit,
galenit, chalkopyrit

Fe, S, Sh, As,
Pb, Zn, Cu, Ag, Au

metamorfné mineralizacie

stratiform Sb-Au deposits and occurrences
Pezinok, Pernek, Kuchyria

pyrite, arsenopyrite, antimo-
nite, berthierite, kermesite,
pyrrhotite, gudmundite, tetra-
hedrite, sphalerite, galena,
chalcopyrite

Fe, S, Sb, As,
Pb, Zn, Cu, Ag, Au

metamorphic mineralizations

magnetite skarn occurrences (?) garnet, chlorite, magnetite, Fe, Mn,
Kokava nad Rimavicou tremolite, apatite, graphite, Cu

pyrite, pyrrhotite, chalcopyrite
graphite occurrences graphite, pyrite, pyrrhotite, C, Fe, S,
Kokava nad Rimavicou, Kadlub, Muranska | arsenopyrite V, As, Cu, Pb,

DIh& Luka

granitoids and migmatites of Tatricum and Veporicum
I, IS and S-type granitoid magmatism

vyskyty magnetitovych skarnov(?) granét, chlorit, magnetit, Fe, Mn,
Kokava nad Rimavicou tremolit, apatit, grafit, pyrit, Cu
pyrotin, chalkopyrit
vyskyty grafitu grafit, pyrit, pyrotin, C, Fe, S,
Kokava nad Rimavicou, Kadlub, Muranska | arzenopyrit V, As, Cu, Pb,
DIha Lika
granitoidy a migmatity tatrika a veporika
granitoidny magmatizmus typu I, I/Sa S
hydrotermalne Zilné mineralizacie
zlato-scheelitovo-arzenopyritové lozisko | scheelit, arzenopyrit, pyrit, W, As, S, Fe,

a vyskyty
Jasenie, DUbrava, Harmanec

wolframit, zlato, Bi-Te sulfidy,
chalkopyrit, galenit, sfalerit,
antimonit

Bi, Sb, Cu, Pb, Zn, Au

hydrothermal vein mineralizations

gold-scheelite-arsenopyrite deposit and
occurrence
Jasenie, Dubrava, Harmanec

scheelite, arsenopyrite,
pyrite, wolframite, gold, Bi-Te
sulphides, chalcopyrite,
galena, sphalerite, antimonite

W, As, S, Fe,
Bi, Sb, Cu, Pb, Zn, Au

Pb-Zn-Ag vyskyty galenit, ankerit, pyrit, baryt, Pb, Fe, Sb, S,

Jasenie-Soviansko, Casté sfalerit, chalkopyrit, tetraedrit, Zn, Cu, Ag, Ba
jamesonit, bournonit

kremenovo-antimonitovo-zlaté loziska a | antimonit, pyrit, arzenopyrit, Sh, Fe, S,

vyskyty
Pezinok, Dubrava, Magurka, Medzibrod,
Lom, Lomnista, Dve Vody

Pb-Sb a Pb-Sb-Bi sulfosoli,
sfalerit, tetraedrit, bournonit,
scheelit, zlato

As, Bi, Cu, Pb, Zn, Au,
w

HERCYNSKE POSTOROGENNE STADIUM

Pb-Zn-Ag occurrence galena, ankerite, pyrite, baryte, Pb, Fe, Sh, S,

Jasenie - Soviansko, Casta sphalerite,chalcopyrite,tetrahedrite | Zn, Cu, Ag, Ba
jamesonite, bournonite

quartz-antimonite-gold deposits and antimonite, pyrite, arsenopy- | Sb, Fe, S,

occurrences
Pezinok, Dubrava, Magurka, Medzibrod,
Lom, Lomnist4, Dve Vody

rite, Pb-Sb and Pb-Sb-Bi sul-
phosalts, sphalerite, tetrahed-
rite, bournonite, scheelite, gold

As, Bi, Cu, Pb, Zn, Au,
W

kryStalinikum tatrika a veporika
orogénny kolaps, extenzia a neskoroorogénne granity typu A

HERCYNIAN POSTOROGENIC STAGE

mineralizacie striznych zén
alternativne moZzna prislusnost k paleoalpinskemu orogénnemu $tadiu

crystalline units of Tatricum and Veporicum
orogenic collapse, extension and late-orogenic A-type granites

zlato-scheelitové vyskyty

scheelit, pyrit, arzenopyrit,

mineralizations of shear zones
possibly formed in Paleoalpine orogenic stage

pocetné vyskyty indikované scheelitom a Zlato W, As, Au
zlatom v Slichoch
zlato-arzenopyritové vyskyty pyrit, arzenopyrit, pyrotin, Fe, S, As,

Uderina, Chorepa, Klenovec, Hnusta,
Ostra, Kamenité, Bohaté

chalkopyrit, sfalerit, tetraedrit,
jamesonit, boulangerit, bornit,
galenit, sfalerit, cinabarit, Ag
amalgéam, zlato

Au, Ag, Hg, Sb, Pb, Zn,
Cu

gold-scheelite occurrences

scheelite, pyrite, arsenopyrite,

zlato-sulfidické vyskyty
Rimavské Brezovo, Krokava, Ratk. Bystré

pyrit, pyrotin, chalkopyrit,
tetraedrit, arzenopyrit, sfalerit,
zlato

Fe, S,
As, Cu, Pb, Zn, Au

numerous occurrences indicated by gold W, As, Au
scheelite and gold in panned concentrates
gold-arsenopyrite occurrences pyrite, arsenopyrite, pyrrhotite, Fe, S, As,

Uderina, Chorepa, Klenovec, Hnusta, Ostra,
Kamenité, Bohaté

chalcopyrite, sphalerite,
tetrahedrite, jamesonite, boulan-
ngerite, bornite, galena, spha-
lerite, cinnabar, Ag-amalgam, gold

Au, Ag, Hg, Sb, Pb, Zn, Cu

zlato-antimonitové vyskyty
Ozdin, ChyZné

antimonit, pyrit, arzenopyrit,
chalkopyrit, sfalerit, tetraedrit,
zlato

Sb, Fe, S,
As, Cu, Zn, Au

gold-sulphide occurrences
Rimavské Brezovo, Krokava, Ratk. Bystré

pyrite, pyrrhotite,
chalcopyrite, tetrahedrite,
arsenopyrite, sphalerite, gold

Fe, S,
As, Cu, Pb, Zn, Au

gold-antimonite occurrences
Ozdin, Chyzné

antimonite, pyrite,
arsenopyrite, chalcopyrite,

Sh, Fe, S,

As, Cu, Zn, Au
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komplexy mladSieho paleozoika
permska riftogenéza, kontinentalna sedimentacia, tholeiitovo-ryolitovy vulkanizmus

| sphalerite, tetrahedrite, gold

sedimentarno-exhalacné(?) mineralizacie s alpinskou rejuvenizaciou

Cu loziska a vyskyty
Lubietova, Spania Dolina

chalkopyrit, tetraedrit, anti-
monit, galenit, pyrit, sfalerit,
siderit

Cu, Sb, Pb,
Zn, Ni, Ag

Late Paleozoic complexes
Permian riftogenesis, continental sedimentation, tholeiite-rhyolite volcanism

Alpine-rejuvenated sedimentary-exhalation (?) mineralizations

syngenetické/diagenetické (cirkulacia

sol'aniek?) mineralizacie s alpinskou rejuvenizaciou

U-Mo-Cu loziska a vyskyty
Novoveské Huta, Krompachy, KoSické
Hamre, Kalnica

siderit, Fe-dolomit, uraninit,
molybdenit, chalkopyrit,
pyrit, U-Ti oxidy, tennantit,
galenit, sfalerit, arzenopyrit,
magnetit, hematit, pyrotin,
chalkozin, kovelin,

bornit

Cu, Mo, U, Fe, S,
Pb, Zn, As, Ti

Cu deposits and occurrences
Lubietova, Spania Dolina

chalcopyrite, tetrahedrite,
antimonite, galena, pyrite,
sphalerite, siderite

Cu, Sh, Pb,
Zn, Ni, Ag

Alpine-rejuvenated syngenetic/diagenetic (brine circulation ?) mineralizations

U-Cu vyskyty

Vikartovce, Kravany, Svabovce, Spissky
Stiavnik, Nizny Chmelenec, Slivniky,
MarkusSovska dolina, Trubacovce,
StraZansky kopec, Maly Muran

chalkopyrit, pyrit, uraninit,
U-Ti oxidy, tennantit, galenit,
sfalerit, arzenopyrit, bornit,
chalkozin

Cu, Fe, S,
U, Pb, Zn, As, Ti

U-Mo-Cu deposits and occurrences

siderite, Fe-dolomite, urani-nite,

Cu, Mo, U, Fe, S,

Cu vyskyty
Kvetnica, Maluzina, SoloSnica, LoSonec

chalkopyrit, baryt, bornit,
chalkozin, kovelin, pyrit,
galenit, sfalerit, tennantit,

arzenopyrit

Cu, Ba,
S, Fe, Pb, Zn, As

Novoveska Huta, Krompachy, KoSické Hamre, molybdenite, chalcopy-rite, Pb, Zn, As, Ti
Kalnica pyrite, U-Ti oxides, tennantite,

galena, sphalerite, arsenopyrite,

magnetite, hematite, pyrrhotite,

chalcosite, covellite, bornite
U - Cu occurrences Vikartovce, Kravany, | chalcopyrite, pyrite, uranini- | Cu, Fe, S,
Svébovce, Spissky Stiavnik, Nizny Chme- | te, U-Ti oxides, tennantite, U, Pb, Zn, As, Ti
lenec, Slivniky, MarkuSovska dolina, Tru- galena, sphalerite, arsenopy-
bacovce, Strazansky kopec hill, Maly rite, bornite, chalcosite
Murén
Cu occurrences chalcopyrite, baryte, bornite, Cu, Ba,

Kvetnica, Maluzina, Solosnica, LoSonec

chalcosite, covellite, pyrite,
galena, sphalerite, tennantite,
arsenopyrite

S, Fe, Pb, Zn, As

SKORSIE PALEOALPINSKE STADIUM

spodnotriasoveé terigénne sedimenty
sedimentarne procesy

EARLY PALEOALPINE STAGE

sedimentarno-exhalacné mineralizacie

Early Triassic terrigeneous sediments
sedimentary processes

hematitové loziska a vyskyty
Sankovce

hematit, baryt, chalkopyrit,
tetraedrit, antimonit, pyrit,
arzenopyrit, siderit

Fe, Ba,
S, Mn, Cu,Sb, As

sedimentary-exhalation mineralizations

sedimentarne mineralizacie

hematite deposits and occurrences
Sankovce

hematite, baryte, chalcopy-
rite, tetrahedrite, antimonite,
pyrite, arsenopyrite, siderit

Fe, Ba,
S, Mn, Cu,Sb, As

hematitové loziska a vyskyty
Bradlo, Drzkovce, Licince, Meliata, StozZky,
Galmus, Folkmar

hematit, turingit, pyrit, oxidy
Mn = baryt, chalkopyrit,
tetraedrit

Fe,
Mn, S, £ Cu, Sbh

vrchnotriasové plytkomorské sedimenty
sedimentarne procesy

sedimentarne mineralizacie

oolitické hematitové vyskyty

| hematit

Fe, Mn

jurské hlbokovodné sedimenty
sedimentarne procesy

sedimentarne mineralizacie

hematitové vyskyty hematit, spekularit, turingit, | Fe,

JelSava chamozit, Mn
pyrit, psilomelan

manganoveé vyskyty manganit, manganokalcit, Mn, Fe

Borinka, Lozorno, Jablonové, Zazriva

pyroluzit, pyrit, rodochrozit,
psilomelan, wad

PALEOALPINSKE OROGENNE STADIUM

sedimentary mineralizations
hematite deposits and occurrences hematite, thuringite, pyrite, Fe,
Bradlo, Drzkovce, Licince, Meliata, StoZky, | Mn oxides * baryte, Mn, S, £ Cu, Sb
Galmus, Folkmar chalcopyrite, tetrahedrite,
Late Triassic shallow-marine sediments
sedimentary processes
sedimentary mineralizations
oolitic hematite occurrences | hematite | Fe, Mn
Jurassic bathyal sediments
sedimentary processes
sedimentary mineralizations
hematite occurrences hematite, specularite, thurin- | Fe,
JelSava gite, chamosite, pyrite, Mn
psilomelane
manganese occurrences manganite, manganocalcite, | Mn, Fe
Borinka, Lozorno, Jablonové, Zazriva pyrolusite, pyrite, rhodochro-
site, psilomelane, wad

ultramafické horniny gemerika

magmatické a tektonické procesy, procesy serpentinizcie

PALEOALPINE OROGENIC STAGE

magmatické mineralizécie s naloZzenymi prejavmi serpentinizacie a rezidualnej mineralizacie

vyskyty chromitov

Hodkovce, Bretka, Dankova, DobSina,
Jaklovce, Kobeliarovo, Ochtina, JelSava

chromit, chromspinel, mag-
netit, ilmenit, pyrit, milerit,
pentlandit, chalkopyrit, pyrotin

Fe, Mg, Cr,
Ni, Ti, Cu, S

ultramafic rocks of Gemericum

magmatic and tectonic processes, serpentinization processes

magmatic mineralizations with superimposed manifestations of serpentinization and residual

mineralizations

metasedimenty a metavulkanity veporika a gemerika

deformécia a metamorféza vulkanosedimentarnych komplexov

metamorfno-hydrotermalne Zilné mineralizacie

loziska a vyskyty komplexnych

| siderit, baryt, pyrit, chalko-

| Fe, Ba, Cu, S,

chromite occurrences

Hodkovce, Bretka, Dankovéa, DobSina,
Jaklovce, Kobeliarovo, Ochting, JelSava

chromite, chromspinel, mag-
netite, ilmenite, pyrite, milleri-
te, pentlandite, chalcopyrite,
pyrrhotite

Fe, Mg, Cr,
Ni, Ti, Cu, S

metasediments and metavolcanitc of Veporicum and Gemericum
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sideritovo-sulfidickych rud

pyrit, tetraedrit, ankerit,

Mn, Bi, Sbh, As, Pb, Zn,

warping and metamorphism of volcano-sedimentary complexes

metamorphic-hydrothermal vein mineralizations

Novoveska Huta, Haniskova, Mlynky, dolomit, specularit, hematit, Ni- | Ag, Hg, Ni, Co
Grétla, Bindt, Rudrany, Porac, Matejovce, | Co sulfoarzenidy, pyrotin,

Zakarovce, Rejdova, Viy$na Slana, arzenopyrit, tennantit,

Dobsina, Vlachovo, Hnilec, Nalepkovo, cinabarit, galenit, sfalerit,

Henclovéa, Svedlar, MniSek nad Hnilcom, Cu-Pb-Sb-Bi sulfosoli,

Slovinky, Gelnica, Prakovce, KoSickeé bizmutin, bizmut

Hamre, KoSicka Bela, Rozriava, Rakos,

Drnava, Uhorna, Jedlovec, Humel, Stés,

Medzev, Poproé, Brdarka, Ochtina,

Jeldava, Sirk, Drzkovce,

Brusnik a iné

vyskyty polymetalickych rud galenit, sfalerit, siderit, pyrit, Pb, Zn, S,
Hnusta-Ostra, Taréova, Jelsava arzenopyrit, chalkopyrit Fe, Cu, As

vyskyty Cu-Ni-Co rud

DobSina, Rudniany, Gelnica, Prakovce,
Uhorna, RozZriava, Hnusta-Cerberus,
Tur¢ok

siderit, pyrit, chalkopyrit,
tetraedrit, Ni-Co mineraly,
ankerit, dolomit, baryt, pyrotin,
arzenopyrit, tennantit, galenit,
sfalerit, Cu-Pb-Sb-Bi sulfosoli,
bizmutin, bizmut

Fe, Cu, Ni, Co, S,
Ba, Mn, Bi, Sb, As, Pb,
Zn, Ag

deposits and occurrences of complex siderite, baryte, pyrite, Fe, Ba, Cu, S,
siderite-sulphide ores Novoveska Huta, chalcopyrite, tetrahedrite, Mn, Bi, Sh, As, Pb, Zn,
Haniskova, Mlynky, Grétla, Bindt, Rudriany, | ankerite, dolomite, specularite, | Ag, Hg, Ni, Co
Porac, Matejovce, Zakarovce, Rejdova, hematite, Ni-Co

Vys$na Slana, DobSina, Vlachovo, Hnilec, sulphoarsenides, pyrrhotite,

Néalepkovo, Henclova, Svedlar, MniSek nad | arsenopyrite, tennantite,

Hnilcom, Slovinky, Gelnica, Prakovce, cinnabar, galena, sphalerite,

Kosické Hamre, KoSicka Bela, RozZriava, Cu-Pb-Sh-Bi sulphosalts,

Réakos, Drnava, Uhorna, Jedlovec, Humel, bismuthite, bismuth,

Stés, Medzev, Poproé, Brdérka, Ochtiné,

JelSava, Sirk, Drzkovce, Brusnik and

others

base-metal occurrences galena, sphalerite, siderite, Pb, Zn, S,
Hndsta - Ostra, Tar¢ova, JelSava pyrite, arsenopyrite, chalcopyrite Fe, Cu, As

antimonitovo-zlaté loziska a vyskyty
Betliar, Cuéma, Bystry Potok, Staré Voda,
Spisska Baria, Helcmanovce, Poproc,
Zlata Idka

antimonit, pyrit, pyrotin,
arzenopyrit, tetraedrit, chalko-
pyrit, chalkostibit, sfalerit,
galenit, bertierit, boulangerit,
bournonit, jamesonit, zlato,
bizmut

Sb, S,
Pb, Zn, Ag, Cu, As, Bi,
Au

Cu-Ni-Co occurrences
DobSina, Rudriany, Gelnica, Prakovce, Uhorna,
Roznava, Hnusta-Cerberus, Turcok

siderite, pyrite, chalcopyrite,
tetrahedrite, Ni-Co minerals,
ankerite, dolomite, baryte, pyr-
rhotite, arsenopyrite, tenna-ntite,
galena, sphalerite, Cu-Pb-Sb-Bi
sulphosalts, bismuthite, bismuth,

Fe, Cu, Ni, Co, S,
Ba, Mn, Bi, Sh, As, Pb, Zn,
Ag

antimonite-gold deposits and
occurrences

Betliar, Cu¢ma, Bystry potok, Stara Voda,
Spis§ska Bana, Helcmanovce, Poproc,
Zlata ldka

antimonite, pyrite, pyrrhotite,
arsenopyrite, tetrahedrite,
chalcopyrite, chalcostibnite,
sphalerite, galena, berthierite,
boulangerite, bournonite,
jamesonite, gold, bismuth

Sh, S,
Pb, Zn, Ag, Cu, As, Bi,
Au

metamorhic-hydrothermal metasomatic mineralizations

metamorfno-hydrotermalne metasomatické mineralizacie
sideritovo-ankeritové loziska a vyskyty siderit, ankerit, pyrit, pyrotin, | Fe,
Nizné Slana, Kobeliarovo, Zeleznik, Rakos, arzenopyrit, gersdorfit, chalko- | Mn, Cu, Sb, As, Pb, Zn,
Hradok, DobSina a iné pyrit, tetraedrit, sfalerit, bour- + Ni, Co, Hg
nonit, jamesonit, boulangerit,
pentlandit, milerit, cinabarit,
baryt
magnezitové loziska a vyskyty magnezit, dolomit, ankerit, Mg, Fe,

Podreéany, Ruzina, Cinobaria, Dubrava,
Burda, Sirk, Lubenik, Ochtind, Ratkovska
Sucha, Ploské,

KoSice a iné vyskyty

pyrit, chalkopyrit, teraedrit,
galenit, sfalerit

Mn, S, Cu, Pb, Zn, Sb

vyskyty polymetalickych rud
Hnusta

galenit, sfalerit, siderit,

pyrit, arzenopyrit, chalkopyit

Pb, Zn, Ag, S,

Sb, Cu

granity gemerika
granitovy magmatizmus typu S

siderite-ankerite deposits and siderite, ankerite, pyrite, pyrr- | Fe,
occurrences hotite, arsenopyrite, gersdor- Mn, Cu, Sh, As, Pb, Zn,
NiZna Slanéa, Kobeliarovo, Zeleznik, Rakos, | ffite, chalcopyrite, tetrahedrite, | + Ni, Co, Hg
Hradok, Dobsina, etc. sphalerite, bournonite, jameso-
nite, boulangerite, pentlandite,
milerite, cinnabar, baryte
magnesite deposits and occurrences magnesite, dolomite, Mg, Fe,

Podreéany, RuZina, Cinobaria, Dubrava,
Burda, Sirk, Lubenik, Ochtina, Ratkovska
Sucha, Ploské, KoSice and other

ankerite, pyrite, chalcopyrite,
tetrahedrite, galena, sphalerite

Mn, S, Cu, Pb, Zn, Sb

greizenovo-hydrotermalna preZilkovo-impregna¢na mineralizacia

occurrences
base-metal occurrences galena, sphalerite, siderite, Pb, Zn, Ag, S,
Hnusta pyrite, arsenopyrite, chalcopyrit Sh, Cu

Sn-W-Mo vyskyty
Hnilec-Sulova, Delava, Majzlova,
Podsulova,Cuéma, DIha dolina

muskovit, turmalin, topas,
rutil, arzenopyrit, kasiterit,
fluorit, apatit, stanin, 16llingit,
pyrit, pyrotin, volframit, bizmut,
bizmutin, ferberit, scheelit,
molybdenit, chalkopyrit,
galenit, sfalerit, uraninit, Ta-Nb

mineraly

Sn, B,
W, Mo, S, F, As, Bi, Nb,
Ta, U, Li, Rb, Cs,

Gemeric granites
S-type granite magmatism

greisen-hydrothermal stockwork- impregnation mineralization

g

ranity veporika

granitovy magmatizmus typu |

porfyrova(?) preZilkovo-impregnaéna mineralizacia

Sn-W-Mo occurrences
Hni/ec—SUl’o\{é, Delava, Majzlova,
Podsulova,Cuéma, DIha dolina

muscovite, tourmaline, topaz,
rutile, arsenopyrite, cassiterite,
fluoritee, apatite, stannite,
I6llingite, pyrite, pyrrhotite,
wolframite, bismuth, bismuthite,
ferberite, scheelite, molybdenite,
chalcopyrite, galena, sphalerite,
uraninite, Ta-Nb minerals

Sn, B,
W, Mo, S, F, As, Bi, Nb,
Ta, U, Li, Rb, Cs,

Veporic granites

I-type granite

porphyry (?) stockwork-impregnation mineralization

W-Mo lozisko molybdenit, scheelit, pyrit, Mo, W,
Rochovce pyrotin, chalkopyrit, sfalerit, S, Fe, Cu, Pb, Zn, Ag,
galenit, arzenopyrit, bizmutin, Bi, Sb, As, F
bizmut, antimonit, Sb-As
sulfospli, pyrargyrit, silver,
tetraedrit, fluorit
vyskyty polymetalickej mineralizacie galenit, sfaleirit, pyrit, Pb, Zn, S,
SlavoSovce, JelSava-Delkova arzenopyrit, chalkopyrit, Fe, Cu, Sb, As,

W-Mo deposit
Rochovce

molybdenite, scheelite. Pyri-
te, pyrrhotite, chalcopyrite,
sphalerite, galena,
arsenopyrite, bismuthite,
bismuth, antimo-nite, Sh-As

Mo, W,
S, Fe, Cu, Pb, Zn, Ag,
Bi, Sb, As, F
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tetraedrit

vyskyty kyzovej mineralizacie

Chyzné, Slavosovce, Cierna Lehota

pyrit, pyrotin, chalkopyrit,
tetraedrit, arzenopyrit, sfalerit,
galenit

Fe, S,
As, Cu, Pb, Zn

sulfosalts, pyrargyrite, silver,
tetrahedrite, fluorite

kryStalinikum tatrika a veporika
orogénny kolaps a extenzia

mineralizacie striznych zén

zlato-scheelitové vyskyty

scheelit, pyrit, arzenopyrit

W, Fe, As, Au

vyskyty polymetalickych rud

chalkopyrit, tertaedrit, galenit,
sfalerit + Ni-Co mineraly

Cu, Pb, Zn, Sb £ Ni, Co

Hg loziska a vyskyty
Réakos

cinabarit, ortut, pyrit, chalko-
pyrit, tetraedrit, siderit, ankerit,
baryt

Hag,
Cu, Ba, Sb

occurrences of base-metal galena, sphalerite, pyrite, Pb, Zn, S,
mineralizations arsenopyrite, chalcopyrite, Fe, Cu, Sb, As,
SlavoSovce, JelSava-Delkova tetrahedrite
occurrences of sulphide mineralizations | pyrite, pyrrhotite, chalcopy- Fe, S,
chyzné, Slavosovce, Cierna Lehota rite, tetrahedrite, arsenopyrite, | As, Cu, Pb, Zn
sphalerite, galena
crystalline units of Tatricum and Veporicum

orogenic collapse and extension

mineralizations of shear zones
gold-scheelite occurrences scheelite, pyrite, arsenopyrite | W, Fe, As, Au

mladopaleozoické komplexy
orogénny kolaps a extenzia

occurrences of base metal ores

chalcopyrite, tetrahedrite, gale-
na, sphalerite + Ni-Co minerals

Cu, Pb, Zn, Sb £ Ni, Co

Zilné typy mineralizacii vzniknuté remobilizaciou stratiformnych

mineralizacii v extenznom reZime

Hg deposits and occurrences
R&kos

cinnabar, mercury, pyrite,
chalcopyrite, tetrahedrite,
siderite, ankerite, baryte

Hgy
Cu, Ba, Sb

Late Paleozoic complexes
orogenic collapse and extension

vein-type mineralizations formed by remobilization of stratiform
mineralizations in extension regime

U-Mo-Cu loziska a vyskyty pozri vysSie pozri vySSie
pozri hercynske postorogénne Stadium
Cu loziska a vyskyty pozri vySSie pozri vysSie
pozri hercynske postorogénne Stadium

vapence a dolomity vySSich prikrovov

vrchnokriedové a paleocénne zvetravanie

rezidualne mineralizicie

vyskyty bauxitu alofan, bohmit, diaspor, Al, Fe,
MarkuSovce, Mojtin, Drienovec, Moldava gibbsit, goethit, limonit, Mn, Ga

nad Bodvou

rutil

PALEOALPINSKE POSTOROGENNE / SKORSIE NEOALPINSKE STADIUM

vnatrokarpatsky flys
sedimentarne procesy

sedimentarne mineralizacie

U-Mo-Cu deposits and occurrences see above see above
see Hercynian postorogenic stage

Cu deposits and occurrences see above see above
see Hercynian postorogenic stage

limestones and dolomites of higher nappes
Late Cretaceous and Paleocene weathering
residual mineralizations

bauxite occurrences allophane, béhmite, diaspo- | Al, Fe,
MarkuSovce, Mojtin, Drienovec, Moldava re, gibbsite, goethite, limo- Mn, Ga

nad Bodvou

nite, rutile

manganove loZiska a vyskyty
KiSovce-Svébovce, Michalovéa

pyroluzit, manganokalcit,
rodochrozit, pyrit,
markazit

Mn, Fe,
S,V

PALEOALPINE POSTOROGENIC / EARLY NEOALPINE STAGE

flyS vonkajsSich Karpéat
sedimentarne procesy

Inner Carpathian flysch
sedimentary processes

sedimentary mineralizations

sedimentarne mineralizacie

vyskyty zlata
len Slichové anomalie

zlato, markazit, antimonit?,
cinabarit?

Au, Fe, Sb, Hg

manganese deposits and occurrences
KiSovce-Svabovce, Michalova

pyrolusite, manganocalcite,
rhodochrosite, pyrite,
marcasite

Mn, Fe,
S,V

vyskyty kovonosnych Eiernych bridlic
len geochemické anomalie — krosnianske
suvrstvie

Cu, Pb, Zn, Mo, V, Sb

Outer Carpathian flysch
sedimentary processes

sedimentary mineralizations

NEOALPINSKE OROGENNE STADIUM

gold occurrences
only anomalies in panned concentrates

gold, marcasite, antimonite?,
cinnabar?

Au, Fe, Sb, Hg

flyS vonkajsSich Karpéat
mobilizacia fluid pri formovani akreénej prizmy

occurrences of metalliferous black sha-
les only geochemical anomalies — Krosno
Formation

Cu, Pb, Zn, Mo, V, Sb

virisené a metasomatické mineralizacie cirkulujicich solaniek

NEOALPINE OROGENIC STAGE

vyskyty zlata a rumelky

markazit, pyrit, cinabarit,
antimonit, zlato + galenit,
sfalerit

Fe, Sb, Hg, Au = Pb, Zn

Outer Carpathian flysch

fluid mobilization during formation of accretion prism

disseminated and metasomatic mineralizations of percolating brines

neovulkanity

andezitovy a ryolitovy vulkanizmus s vyvojom subvulkanickych intruzivhych komplexov a
vulkanotektonickych €i hrastovo-prepadlinovych Struktur

mineralizacie podmienené intriziami

gold and cinnabar occurrences

marcasite, pyrite, cinnabar,
antimonite, gold + galena,
sphalerite

Fe, Sh, Hg, Au = Pb, Zn

loziska a vyskyty magnetitovych
skarnov Vyhne, Hodru$a, Tisovec

magnetit, granat, diopsid,
epidot, hematit, pyrit, sfalerit,

Fe,
Pb, Zn, Cu, V, W,

Neovolcanics (Neogene volcanics)
andesite and rhyolite volcanism with subvolcanic intrusive complexes and volcano-tectonic or horst-

trench structures
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galenit, chalkopyrit,
scheelit

intrusion-controlled mineralizations

porfyrovo-skarnové Cu = Au a Mo
loziska a vyskyty Zlatno, Sementlov,
Medené, Handerlova, Kozi potok, Sklené
Teplice, Pukanec

pyrit, pyrotin, chalkopyrit,
magnetit, granat, diopsid,
serpentinit, hematit,
chalkozin, bornit, galenit,
sfalerit, tennantit, molybdenit,
zltait, valeriit,

arzenopyrit, zlato

Cu, Fe, S,
Mo, Pb, Zn, Sn, Au, £As

deposits and occurrences of magnetite
skarns
Vyhne, Hodru$a, Tisovec

magnetite, garnet, diopside,
epidote, hematite, pyrite,
sphalerite, galena,
chalcopyrite, scheelite

Fe
Pb, Zn, Cu, V, W,

prezilkovo-impregnaéné polymetalické
loziska a vyskyty

Pukanec, HodruSa, Zlata Baria, Brehov,
Morské oko

galenit, sfalerit, chalkopyrit,
pyrit, tetraedrit, tennantit,
antimonit

Pb, Zn, Cu, Fe, S,
Ag, Cd?, Sb

porphyry-skarn Cu + Au, Mo deposits
and occurrences

Zlatno, Sementlov, Medené, Handerlova,
Kozi potok brook, Sklené Teplice,
Pukanec,

pyrite, pyrrhotite, chalcopyrite,
magnetite, garnet, diopside,
serpentinite, hematite,
chalcosine, bornite, galena,
sphalerite, tennantite, molyb-
denite, altaite, valeriite, arse-
nopyrite, gold

Cu, Fe, S,
Mo, Pb, Zn, Sn, Au, *As

vysSsietermalne Au lozisko
Hodrusa — Baria Rozalia

pyrit, galenit, sfalerit,
chalkopyrit, rodochrozit,
zlato, elektrum, tetraedrit,
polybazit, hessit

Fe, Pb, Zn, Cu, S,
Mn, Au, Ag, Sb, As

stockwork-impregnation base-metal
deposits and occurrences

Pukanec, Hodrusa, Zlata Baria, Brehov,
Morské Oko

galena, sphalerite, chalcopy-
rite, pyrite, tetrahedrite,
tennantite, antimonite

Pb, Zn, Cu, Fe, S,
Ag, Cd?, Sb

vysokosulfidaé

né epitermalne mineralizacie

Au loziska a vyskyty
Kloko¢-Podpolom, Kalinka-Banisko,
Sobov?

pyrit, alunit, pyrofylit, luzonit,
pyrotin, markazit, molybdenit,
enargit, galenit

Fe, S,
Au, As, Bi, Cu, Mo, Sn

higher-temperature Au deposit
Hodrusa - Rozalia baria

pyrite, galena, sphalerite,
chalcopyrite, rhodochrosite,
gold, electrum, tetrahedrite,
polybasite, hessite

Fe, Pb, Zn, Cu, S,
Mn, Au, Ag, Sb, As

high-sulphide epithermal mineralizations

nizkosulfidacné epitermalne mineralizacie v prostredi vulkanitov

polymetalické loZiska a vyskyty
Banska Stiavnica

galenit, sfalerit, chalkopyrit,
pyrit, tetraedrit, tennantit,
akantit, Ag sulfosoli, elektrum,
scheelit, Ag-Sb-Pb-Bi sulfosoli,
hematit, baryt, rodonit,
rodochrozit

Pb, Zn, Cu, Fe, S,
Mn, Bi, Sb, As, Cd, Ag,
Au, Ba, W

Au deposits and occurrences
Kloko¢-Podpolom, Kalinka-Banisko,
Sobov?

pyrite, alunite, pyrophyllite,
luzonite, pyrrhotite, marcasite,
molybdenite, enargite, galena

Fe, S,
Au, As, Bi, Cu, Mo, Sn

low-sulphide epithermal

mineralizations hosted by volcanics

Ag polymetalické loziska a vyskyty
HodruSa, Pukanec

Ag sulfosoli, galenit,
sfalerit, chalkopyrit,
pyrit, markazit, teraedrit,
enargit, akantit, elektrum,
baryt, rodonit,
rodochrozit

Ag, Pb, Zn,
Cu, Fe, S, Mn, Sb, As,
Au, Ba

base-metal deposits and occurrences
Banska Stiavnica

galena, sphalerite, chalcopy-
rite, pyrite, tetrahedrite, ten-
nantite, akantite, Ag-sulpho-
salts, electrum, scheelite, Ag-
Sb-Pb-Bi sulphosalts, hema-
tite, baryte, rhodonite,
rhodochrosite

Pb, Zn, Cu, Fe, S,
Mn, Bi, Sb, As, Cd, Ag,
Au, Ba, W

drahokovoveé loziska a vyskyty
Kremnica, Nova Baria, Pukanec, Banska
Bela, Zlata Baria, Kopanice, Vyhne, Banky,
Zlata Baria

pyrit, markazit, antimonit,
elektrum, argentit, akantit, Ag
sulfosoli, tetraedrit, tennantit,
galenit, sfalerit, chalkopyrit,
adular,

baryt

Ag, Fe, S,
Pb, Zn, Cu, Mn, Au, Sb,
As, Ba, Hg

Ag-base-metal deposits and
occurrences
HodruSa, Pukanec

Ag-sulphosalts, galena, sp-
halerite, chalcopyrite, pyrite,
marcasite, tetrahedrite, enar-
gite, acanthite, electrum, bary-
te, rhodonite, rhodochrosite

Ag, Pb, Zn,
Cu, Fe, S, Mn, Sb, As,
Au, Ba

Sb-Au vyskyty
Kremnica, Zlata Baria, BySta

pyrit, markazit, antimonit,
elektrum, Ag sulfosoli,
tetraedrit, boulangerit,
jamesonit, arzenopyrit,
cinabarit

Sh, Fe, S,
Ag, Au, As, Hg

precious-metal deposits and occurrences
Kremnica, Nova Baria, Pukanec, Banska Bela,
Zlata Bana, Kopanice, Vyhne, Banky, Zlata
Bana

pyrite, marcasite, antimonite,
electrum, argentite, acanthite, Ag
sulphosalts, tetrahedrite,
tennantite, galena, sphalerite,
chalcopyrite, adularia, baryte

Ag, Fe, S,
Pb, Zn, Cu, Mn, Au, Sb,
As, Ba, Hg

Hg vyskyty
Horna Ves, Dubnik, Morské oko

markazit, pyrit, cinabarit,
antimonit, realgar, auripig-
ment, kaolinit, opal

Fe, Hg, S,
Sbh, As,

epitermalne/teletermalne

mineralizacie v prostredi sedimentov

vyskyty polymetalickej mineralizacie
Pila, Poniky

galenit, pyrit, dolomit,
tennantit, sfalerit, chalkopyrit,
tetraedrit, markazit,

Ag sulfosoli

Pb, S,
Cu, Zn, Ag, Sb, As

Hg loziska a vyskyty
Malachov, Mernik, Ladomirov

cinabarit, pyrit, markazit,
auripigment, realgar, organické
mineraly, opél, chalceddn,
kalcit

Hg,
S, Sb, As

Sb-Au occurrences pyrite, marcasite, Sb, Fe, S,
Kremnica, Zlata Baria, Bysta antimonite, electrum, Ag sulp- | Ag, Au, As, Hg
hosalts, tetrahedrite, boulange-
rite, jamesonite, arsenopyrite,
cinnabar
Hg occurrences marcasite, pyrite, cinnabar, Fe, Hg, S,
Hona Ves, Dubnik, Morské Oko antimonite, realgar, Sb, As,
auripigment, kaolinite, opal
sediment-hosted epithermal/telethermal mineralizations
occurrences of base-metal mineralizations galena, pyrite, dolomite, Pb, S,

Pila, Poniky

tennantite, sphalerite,
chalcopyrite, tetrahedrite,
marcasite, Ag sulphosalts,

Cu, Zn, Ag, Sh, As

Au vyskyty (carlinského typu?)
Remata, Sokolec, Bukovec, Vyhne

pyrit, markazit, zlato, antimonit,
cinabarit

Sb, As, Hg, Au, TI

Hg deposits and occurrences
Malachov, Mernik, Ladomirov

cinnabar, pyrite, marcasite,
auripigment, realgar, organic
minerals, opal, chalcedony,
calcite

Hg,
S, Sb, As

(Carlin-type ?) Au occurrences
Remata, Sokolec, Bukovec, Vyhne

pyrite, marcasite, gold, antimonite,

cinnabar

Sb, As, Hg, Au, TI

NEOALPINSKE POSTOROGENNE STADIUM

NEOALPINE POSTOROGENIC STAGE

kvartérne sedimenty
erézia a fluvialny transport

Quaternary sediments

erosio

n and fluvial transport

rezidualne

arozsypové akumulécie

residual and placer accumulations

vyskyty zlata
Dunajské naplavy, Zlatniky, Magurka,
Kokava

zlato, magnetit, ilmenit, apatit,
zirkén, xenotim, ortit, granat

gold occurrence
Danube sediments, Zlatniky, Magurka,
Kokava

gold, magnetite, ilmenite,
apatite, zircon, xenotime,
orthite, garnet
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8. GEOFAKFORY A ZDRAVIE

Geografické faktory rozsirenia niektorych chordb su zndme prakticky odvtedy, odke-
dy existuje medicina ako veda. Cifiania uZ v 4. storo¢i nasho letopo¢tu poznali vplyv
environmentdlnych faktorov na ludské zdravie, najmi v suvislosti s endemickym
vyskytom strumy. Napriek tomu, Ze lekdrskej vede bolo uz ddvno zndme, 7e chorob-
nost na niektoré choroby je v jednotlivych oblastiach sveta rozna, medicinska geogra-
fia ¢i geografickd medicina ako veda vznikla prakticky az v prvych desatro¢iach ndsho
storocia. Samozrejme, pri vyskume rozsirenia rozlicnych chorob z geografického hla-
diska sa hladali suvislosti najméa s klimatickymi ¢i topografickymi faktormi. Spojenie
geografie a mediciny v§ak nemoZze vysvetlit pri¢inny vztah medzi zna¢nymi zemepis-
nymi rozdielmi a roz§irenim niektorych chorob. K zodpovednému vyrieSeniu tejto
kauzality je bezpodmienecne nutné vyuZit geochemické poznatky (ako napr. distribu-
cia a formy vystupovania chemickych prvkov v geochemickom prostredi, ich migrdcia
a pod.). Tu sa potom otvdra priestor pre samostatnui vednu disciplinu — medicinsku
(Iekdrsku) geochémiu. Termin ,,geomedicina® bol prvy raz pouZity v roku 1931 v Ne-
mecku, ale bez jasnej definicie. Z USA a Velkej Britdnie pochddza slovné spojenie
Lenvironmentdlna geochémia a zdravie“. Na environmentdlnu geochémiu vo vztahu
k zdraviu ako na vednu disciplinu sa dnes nazerd ako na aplikdciu geochémie a s¢as-
ti geochemického mapovania na zdravotny stav rastlin, zvierat a ¢loveka. V byvalom
Ceskoslovensku a teraz aj na Slovensku sa vo vyskume takéhoto zamerania pouziva
termin ,medicinska geochémia®. Definicia takto smerovaného geochemického
zamerania je takdto: Medicinska geochémia ako sticast geomediciny je vednd discipli-
na zaoberajuica sa vplyvom chemického zloZenia prirodzeného i antropogénne pod-
mieneného geochemického prostredia na Iudské a animdlne zdravie v kontexte
vonkajsich environmentdlnych faktorov.

Vztahy medzi geochemickym prostredim a ¢lovekom st omnoho tesnejSie, neZ sa
vSeobecne predpokladd. Chorobny stav sa u ¢loveka prejavuje vtedy, ked je narusend
rovnovdha medzi organizmom a faktormi vonkajSicho prostredia. K tomu moze dojst
vplyvom endogénnych faktorov (stav organizmu samotného ¢loveka), ako aj posobe-
nim exogénnych ¢initelov (vplyv Zivotného prostredia), a tu majui potom uplatnenie
geomedicinske vyskumy.

Vymedzenie zdravotnych faktorov

Pri $tidiu geofaktorov v environmentdlnom zdravi musime braf do uvahy kulttirne
a klimatické faktory spojené s chorobami a stupitom umrtnosti. Takyto postup pomo-
7e izolovat geologicky vplyv. Kulttirne aspekty spolo¢nosti odrdzaju celkové koncepty
a techniky, ktoré skupina Iudi vyvinula, aby preZila vo svojom Zivotnom prostredi (ta-
ké faktory, ako su miestne obyc¢aje a stupeii industrializdcie). Primitivne spolo¢nosti,
ktoré Ziju priamo v dosahu pody a vody, maju iné zdravotné problémy neZ civilizo-
vané spoloc¢nosti. Industridlne spolo¢nosti eliminovali také choroby ako cholera, tyfus
¢i dyzentéria, ale CastejSie podlichaju napr. rakovine plic a ostatnym chorobdm, kto-
ré maju spojitost so znecistenim ovzdusia, vody a pddy. Vysokd chorobnost na rako-
vinu Zalddka v Japonsku je prikladom vztahu medzi kultirou a chorobou. Japonci
preferuju ryZu, ktord je brusend. Pri technologickom procese vznikd prach, ktory je
kontaminovany azbestom z brusnych koticov. Azbest je karcinogén, pripadne md pa-
sivau udlohu ako nosi¢ karcinogénnych stopovych prvkov. Aj chorobnost na otravu
olovom stivisi s kultirnymi, politickymi a ekonomickymi vztahmi. Predpokladd sa do-
konca, Ze jednym z dovodov padu Rimskej riSe bola rozsirend otrava olovom. Vypo-
¢italo sa, Ze Rimania produkovali okolo 55 000 t Pb ro¢ne v priebehu 400 rokov s jeho
Sirokym pouZitim (dZbdny, pohdre, potrubie), najmi u vlddnucej triedy. Historici
uvddzaju, Ze prdve u tejto triedy otrava olovom mala za ndsledok mrtvo narodené de-
ti, deformity a poskodenia mozgu. Tdto hypotéza je podporend ndlezom vysokého ob-
sahu Pb v kostiach starych Rimanov.

Klimatické faktory ako teplota, vlhkost a mnoZstvo zrdZzok su casto tesne spojené
s rozli¢nymi druhmi chordb. VdZne zdravotné riziko existuje v trépoch, kde sa zistili
dve najhorsie choroby, kontrolované klimaticky: bilharziéza a maldria. Bilharziéza je
vdZznou pricinou smrti deti a od¢erpdva energiu miliénom dospelych [udi vo svete. Jej
efekt md zdvazné socioeckonomické dosledky. Niektori autori ju pokladaji za
najrozsirenejsiu chorobu vo svete.

Maldria a bilharziéza popri ostatnych chorobdch maju jasny vztah ku klimatickym
faktorom, pretoZe bacilonosici, t. j. moskyty a cicavé slimdky, su klimaticky kontrolo-
vané. Iné choroby ako napr. Burkettov tumor — vyCerpdvajuca, ale zriedka smrtelnd
rakovinovd choroba lymfatického systému — je v Afrike spojend s tromi klimatickymi
faktormi: ro¢ny uhrn zrdzok vyssi ako 510 mm, nadmorskd vySka nizZSia ako
1 500 m a priemernd ro¢nd teplota najmenej 15 °C.

Vztahy medzi kultirnymi a klimatickymi faktormi a chorobnostou treba brat s urci-
tou rezervou, pretoZe odpoved na environmentdlny zdravotny problém je len zriedka-
vo jednoduchd. Ak je bilharziéza kontrolovand len klimaticky, potom vsetky oblasti
s vhodnou klimou, ako napr. povodie rieky Amazonky, by mali vykazovat tito choro-
bu. To, nastastie, nie je tento pripad a dovody st geochemické. Podmienky na vyskyt
spominanej choroby v povodi riecky Amazonky nie st optimdlne z dvoch pri¢in. Jed-
nou je nedostatok vdpnika vo vode ako zdroja pre slimdky, ktoré su bezprostredni no-
sitelia choroby. Druhou pri¢inou je, Ze acidita vody spdsobend Cu a dal$imi
zli¢eninami tazkych kovov moze byt zodpovednd za nepritomnost slimdkov v inak
vhodnom prostredi pre bilharziézu.

7 toho, ¢o sme uviedli, moZno vidiet komplex vztahov medzi chorobou a prostredim.
S tymto vedomim moZno skimat vplyv geofaktorov na zdravotné problémy z aspek-
tu geologickych faktorov environmentdlneho zdravia, vyskytu a vplyvu stopovych prv-
kov na zdravie a vyznamu geochemického prostredia pri rozli¢nych chorobdch.
Geologické aspekty vo vztahu k zdraviu

Geologické cykly st zodpovedné v globdlnej $kdle za geografické ¢rty kontinentov,
ocednov a klimy. V mensSej Skdle tieto cykly vytvdraji priestorové usporiadanie
vSetkych zemskych tvarov, hornin, minerdlov, podzemnych a povrchovych vod. Tieto

8. GEOFACTORS AND HEALTH

Geographic factors governing the occurrence of some diseases have been known
roughly since the very beginning of the science of medicine. As early as the 4" century
A. D. the Chinese knew the effect of environmental factors on human health, notably
on the endemic occurrence of thyroiditis (struma). Although medicine had recognized
long ago that the incidence of some diseases varies from one region to another, it was
not until the first decades of the twentieth century that the sciences of medicinal
geography and geographic medicine originated. The research of the incidence of
various diseases from a geographic point of view was aimed mainly at the relation-
ships with climatic and topographic factors. The combined geographic and medicine
sciences, however, failed to explain the causal relationship between considerable
geographic differences and the incidence of some diseases. This causal relationship
cannot be explained without the science of geochemistry (e.g. data on the distribution
and forms of occurrence of chemical elements in the geochemical environment, their
migration, etc.). For this reason, a new separate scientific discipline - medicinal
(health) geochemistry was established. The term geomedicine was first used in 1931
in Germany, but without a clear definition. The term “environmental geochemistry”
often used in connection with health originated in the USA and Great Britain. The
scientific discipline of environmental geochemistry in relation to health is now consid-
ered as the application of geochemistry and partly also geochemical mapping to study
the health of plants, animals and humans. In the former Czechoslovakia and in
today’s Slovakia, the research of this kind has been referred to as medicine geochem-
istry. This geochemical discipline is defined as follows: Medicine geochemistry as
part of geomedicine is a scientific discipline studying the effect of the chemical
composition of natural as well as man-made environments on human and animal
health in context with external environmental factors.

The relationships between the geochemical environment and humans are much closer
than is generally believed. Man falls ill when the equilibrium between his organism
and external environmental factors is disturbed. This state can be caused either by
endogenic factors (state of the organism itself) or by exogenic agents (effect of the
environment), the latter being studied by geomedicine.

Definition of health factors

The study of geofactors in environmental health should take into account cultural and
climatic factors associated with diseases and the rate of mortality. In conjunction with
other techniques this procedure can identify ecological effects. The cultural aspects of
a society reflect total concepts and techniques developed by a group of people in
order to survive in its environment (factors such as local customs and degree of
industrialization). Primitive societies living close to soil and water suffer from differ-
ent health problems than urban societies. Industrial societies have eliminated diseases
like cholera, typhoid and diarrhoea, but increasingly suffer from lung cancer and
other diseases related to air, water and soil pollution. The high incidence of stomach
cancer in Japan exemplifies the relationship between culture and disease. The
Japanese prefer to eat polished rice. The polishing process generates dust contami-
nated with asbestos from polishing wheels. Asbestos is a carcinogen or is a passive
carrier of carcinogenic trace elements. The incidence of lead poisoning also reflects
cultural, politic and economic relationships with diseases. It is believed that
widespread lead poisoning was even one of the causes of the fall of the Roman
Empire. The Roman annual production was about 55,000 t Pb and lasted over 400
years. Lead was widely used (jugs, mugs, pipes) particularly by the ruling class.
Historians have ascertained that it was just lead poisoning which resulted in stillborn
babies as well as deformed or otherwise hurt brains. This hypothesis is backed by high
Pb contents in bones of ancient Romans.

Climatic factors such as temperature, humidity and amount of rain- and snowfall are
closely related to various diseases. Serious health risks occur in tropical regions
infested with two worst climate-controlled diseases: bilharzia and malaria. Bilharzia
is a frequent cause of death of children and drains energy from millions of adults
across the tropics. The disease has grave socio-economic consequences and is regard-
ed by some scientists as the most widespread disease in the world. As their carriers,
i.e. mosquitoes and sucking snails are climate-controlled, malaria and bilharzia are
examples of diseases clearly related to the climate. Another climate-controlled disease
is Burkett’s tumor, an exhausting, but rarely fatal disease of the lymphatic system,
which occurrs in Africa. It is associated with these climatic factors: annual rainfall
over 510 mm, altitude below 1,500 m and average annual temperature at least 15°C.
The above-described relationships between cultural and climatic factors on the one
hand and disease incidence on the other hand should not be overestimated as there
rarely is an easy answer to an environmental health problem. If bilharzia was
controlled solely by the climate, it would be widespread throughout regions with a
suitable climate, such as the Amazon Basin. Fortunately, the case is different as the
disease is controlled also by geochemical factors. Two areas in the Amazon Basin
have optimum conditions for this disease. One of them is deficient in calcium for
snails which are bilharzia. In the second area, water acidity due to Cu and
compounds of alkali metals may be responsible for the absence of snails in an
environment otherwise suitable for bilarzia.

The above facts illustrate the complex relations between diseases and the environ-
ment. Keeping this in mind, one can investigate the effects of geofactors on health
problems from the point of view of the geological factors of environmental health, the
occurrence and effects of trace elements on health and the importance of the
geochemical environment for various diseases.

Geological aspects related to health
Globally, geological cycles are responsible for geographic features of the continents,
oceans and climate. On a smaller scale, these cycles control the spatial distribution of



cykly v nemalej miere ovplyviiuji biologicki komunitu, ktorej ¢lenom je aj Clovek.
Z prikladov ovplyvnenia zdravia geologickym prostredim moZno uviest napr. ende-
micky vyskyt strumy. Svajciarski autori zastdvali ndzor, Ze vyskyt strumy sa viaZe na
urcité geologické ttvary a determinujicim Cinitelom je vek hornin. Hypotézu
odvodzovali z pozorovania, Ze frekvencia strumy dosahuje maximum v prostredi tri-
asu, kym v mladsej jure je vyskyt maly. Tédto tedria vSak bola neskor zamietnutd. Ob-
lasti s vysokym vyskytom strumy su ¢asto determinované spolo¢nymi znakmi:

1. vacsinou ide o vysokohorské oblasti (Alpy, Himaldje, Andy), ¢iasto¢ne i niZSie po-
horia (Apalacské pohorie, Ural),

2. oblasti zrazkového tiefia (napr. Rocky Mountains),

3. aluvidlne planiny (napr. Great Lake v Severnej Amerike, Finsko, nizko poloZené
Holandsko),

4. oblasti so zdrojmi vody presakujucej cez vdpence (Peak District v Anglicku, ¢ast
Kolumbie).

Hypotéza deficitu jédu a ndsledného vyskytu strumy zaloZend na kvartérnom zalad-
neni spociva v domnienke, Ze ladovce svojou erozivnou ¢innostou strhdvali pody
z materskych hornin, a tak ochudobnili rozsiahle izemia o jéd. V tom sa hladalo
vysvetlenie niektorych primorskych alebo niZinnych endémif strumy. Tato hypotéza sa
pripisuje Goldschmidtovi z roku 1954, hoci sa publikovala v lekdrskej literatire uz
0 14 rokov skor. Najnovsie sa vyskyt strumy a s fiou spojeny deficit jodu ddva do su-
visu s doskovou tektonikou. Struma je prevlddajica na nesubdukénych doskdch sub-
dukénych zon spojenych s Andami a pdsom Himaldje — Indoc¢ina — Novd Guinea. Aj
iné nesubdukéné dosky ako Filipiny a Turecko vykazuju choroby sposobené jédovym
deficitom spojenym s hranicami dosiek. Treba dodat, Ze aj obycajné zvetrdvanie pri-
ndsa strumogény do potravinového retazca. Z geologickych aspektov vo vztahu
k zdraviu moZno nakoniec spomentt karcinogény vulkanického pdvodu. Podla uda-
jov z roku 1970 existuje na Zemi 436 ¢innych sopick, ktoré ro¢ne vyvrhujud v prieme-
re 3.10° t vulkanického popola s obsahom 0,04 % (asi 1 milion ton) organickych ldtok.
Z nich 30 % pripadd na uhlovodiky. Je zndme, Ze pri vulkanickych erupcidch je drobny
materidl a sopecny popol undsany na vzdialenosti desiatky az tisice kilometrov. Na-
priklad pri vybuchu sopky Bezmennd na Kamcatke v roku 1956 bol zaznamenany
spad az v Londyne. Pred vybuchom dosahuje teplota magmy 1 000 °C, teda zhruba
ako teplota pri koksovani uhlia. Pri tomto procese vznikaji pocetné polycyklické
aromatické uhlovodiky (benzpyrén, antracén, pyrén atd.), ktoré sa spravaju ako pre-
ukdzané alebo prinajmensom potencidlne [udské karcinogény. Pred vznikom Zivota na
Zemi bola intenzivna sope¢nd ¢innost jedinym zdrojom karcinogénnych uhlovodikov.
Neskorsie k tomu prispeli aj produkty metabolizmu rastlin. Dnes hrajui hlavnd dlohu
antropogénne zdroje.

Geochemické faktory vo vztahu k zdraviu

Skusenosti s nutricnymi chorobami domdcich zvierat poukazuji na mnohé situdcie,
pri ktorych pddne geochemické charakteristiky méZzu mat vplyv na zdravie alebo
produktivitu v suvislosti so zdrojom stopovych prvkov. Takto sa zistili vysoko rizikové
oblasti s deficitom Cu, Se, Co, I a toxicitou E Pb a Se. Uvedené vyskumy poukazuji
na zmeny v pdde a drode rastticej na nej v suvislosti s prijmom stopovych prvkov po-
travou. Vysoké pH pody sposobené vdpencovymi materskymi horninami alebo ako
ndsledok vdpnenia na jednej strane obmedzuje zdroj dostupného Zn, Fe a Co, na dru-
hej strane podporuje akumuldciu Mo, Se a F vo vypestovanych plodindch. Hoci také-
to informdcie na detekciu chordb spojenych so stopovymi prvkami st v pripade
zvierat dobre preskimané, menej vieme vo vztahu k [udskému zdraviu. Z poslednych
Studif sa v§ak dozveddme o patogenéze drastickych kostnych chordb spojenych so
zvySenym prijmom F v Indii. Zndmy je vztah medzi nizkym statusom Se v pddach
a zvieratdch a distribuciou kardiomyopatie (choroba Keshan) u deti a opacne, medzi
vysokym obsahom Se v pode a selenézou u dospelych v niektorych oblastiach Ciny.
J6d bol prvym prvkom, pri ktorom bola stanovend jeho esencialita pre [udské zdravie
a struma bola prvd endemickd choroba, ktord mala vztah k environmentdlnej geoché-
mii. Z aspektu geochémie jodu mozno povedat, Ze je ¢iastocne koncentrovany v bio-
sfére so silnou afinitou k organickej hmote. Jeho lahky prenos do atmosféry
a mechanickd a chemickd migrdcia z pody podzemnymi vodami st zodpovedné za
deficit. Teda geochemicky cyklus jédu v pode je kriticky vyznamnym faktorom
v geografickej distribucii strumy. Endemickd struma je len ,vrcholom ladovca®
klinického deficitu jédu. Z dalSich zdravotnych portich a chordb s nim spojenych
moZno spomentt mrtvo narodené deti, spontdnne potraty, vrodené vyvojové chyby,
endemicky kretenizmus atd. Napriklad prevaznd vacSina vyskytu strumy (okolo 60 %)
a endemického kretenizmu vo vysoc¢indch Tanzdnie a Kene je v dosledku nizkej tirov-
ne prijmu jédu (okolo 25 mg na osobu za deii, ¢o je 1/6 odportcaného prijmu). Tie-
to oblasti st charakterizované vysokymi prevySeninami, odlesnenim a zna¢nou
pddnou eréziou. PretoZe podny humus je hlavnym akumuldtorom jédu (vo forme hu-
minovych komplexov), jeho odnos ndsledkom erdzie vedie k ubytku jédu v podach,
voddch a plodindch, ktoré tu rastu.

Kontinentdlne a hornaté Slovensko bolo vZdy postihnuté ochoreniami z nedostatku
jodu. V rokoch 1949-1953 sa podnikol rozsiahly prieskum a na jeho zdklade sa vycle-
nili oblasti vyskytu endemickej strumy: Biele Karpaty, Kysuce, Stiavnické vrchy a Zitny
OSstrov.

Uvedieme niekolko typickych geochemickych a podnych charakteristik v spojitosti
s anomdliami chemickych prvkov sposobujicich nutricné poruchy u c¢loveka
a domdcich hospodarskych zvierat.

all landforms, rocks, minerals, ground as well as surface waters. The cycles consider-
ably influence also biological community including humans. The influence of the
geological environment on health is exemplified by the endemic occurrence of
thyroiditis. Swiss authors believed that thyroiditis is associated with certain geologi-
cal factors, notably the age of rocks. The hypothesis was based on the observation
that thyroiditis is most widespread in areas underlain by Triassic formations, whereas
in areas underlain by the Late Jurassic its incidence is low. However, the notion was
later abandoned. The areas with a high thyroiditis incidence have some common
features. They
1. are mostly high-altitude areas (Alps, Himalaya, Andes) and partly also lower
mountains (Appalachians, Urals),
2. lie in a precipitation shadow (e.g Rocky Mountains),
3. are alluvial plains (e. g. Great Lakes in North America, Finland, low-lying
Netherlands),
4. are areas supplied with water percolating through limestones (Peak District in
England, part of Colombia).
An iodine-deficiency hypothesis assumes that Quaternary glaciers stripped rocks of
their soil cover and hence vast areas became deficient in iodine. This notion was used
to explain endemic occurrences of thyroiditis in some seaside or low-lying areas. The
hypothesis was allegedly created by Goldschmidt in 1954, although it first appeared
in medical publications 14 years before. Latest researches suggest that thyroiditis
incidence and related iodine deficiency are associated with plate tectonics. Thyroiditis
is widespread on nonsubducting slabs of subduction zones of the Andes area and of
the Himalaya-Indochina-New Guinea belt. Other nonsubducting slabs such as the
Philippines and Turkey also have higher incidence of diseases related to iodine
deficiency near slab margins. It should be noted that even common weathering brings
substances causing thyroiditis into foodchain. The last but not least important
geological aspects affecting health are carcinogens of volcanic origin. In 1970, 436
active volcanoes across the globe ejected 3 x 10 tonnes of volcanic ash containing
0.04 % (approximately 1 million tonnes) of organic matter, of which 30 % were
hydrocarbons. It is known that fine ejecta and volcanic ash from volcanic eruptions
are carried by the wind to a distance of tens to thousands of kilometers. For example,
material ejected from the volcano Bezymiannaya in Kamchatka, in 1956 was wind-
blown as far as London. Magma temperature before explosion reaches up to 1000°C,
i.e. roughly the temperature of coking. The process gives rise to a number of
polycyclic aromatic hydrocarbons (benzpyrene, anthracene, pyrene etc.) which are
proven or at least potential human carcinogens. Before the origin of life on Earth,
intensive volcanic activity was the only source of carcinogenic hydrocarbons. Later,
further carcinogens began to be produced by plant metabolism. Nowadays, most
carcinogens are produced by humans.

Geochemical factors related to health

Experience with nutrition diseases of domestic animals suggests that the geochemical
characteristics of soil as a source of trace elements can affect health or productivity.
Researches have proven that areas deficient in Cu, Se, Co and I, and with E, Pb and
Se toxicity are particularly risky. These researches suggest changes in soil and in crops
growing on it reflected by the intake of trace elements in food. A high pH of soil
resulting from calcareous parent rocks or from calcification limits the availability of
Zn, Fe and Co in soil, and on the other hand enhances the accumulation of Mo, Se
and F in crops. Although such relationships have been thoroughly investigated in
order to detect animal diseases related to trace elements, the relationship between
trace elements and human health is less known. Nevertheless, the latest studies have
revealed the pathogenesis of drastic bone diseases related to an increased intake of F
in India and the relationship between a low Se content in soil and animals and the
incidence of cardiomyopathy (disease Keshan) of children and, on the contrary,
selenosis of humans in some regions in China. Iodine is the first element found to be
essential for human health, and thyroiditis is the first endemic disease whose relation-
ship to environmental geochemistry has been recognized. As regards iodine geochem-
istry, the element is concentrated in the biosphere with a strong affinity to organic
matter. Its easy release into the atmosphere as well as mechanic and chemical
migration from soil in groundwater are responsible for iodine deficiency. It implies
that the iodine geochemical cycle in soil is the key factor in the geographic distribu-
tion of thyroiditis. Endemic thyroiditis is just the top of an iceberg of clinical iodine
deficiency. Further health problems and diseases due to iodine deficiency comprise
stillborn babies, natural abortion, inborn defects, endemic debility, etc. The vast
majority of thyroiditis occurrences (about 60 %) and endemic debility in highlands of
Tanzania and Kenya are caused by inadequate iodine intake (approximately 25 mg
per person per day, which is 1/6 of recommended intake). These areas are character-
ized by a rugged topography, deforestation and strong soil erosion. As soil humus is
the main interceptor of iodine (in the form of humine complexes), humus removal by
erosion results in iodine deficiency in soils, water and crops grown there.
Landlocked and mountainous Slovakia has always suffered from diseases related to
iodine deficiency. Extensive investigations carried out in 1949 -1953 outlined regions
with the occurrence of endemic thyroiditis: the Biele Karpaty Mts., Kysuce, Stiavnické
vrchy Mts. and Zitny ostrov (Isle of Rye).

Below are some typical geochemical and soil characteristics associated with
anomalies of chemical elements responsible for nutrition diseases of humans and
domestic useful animals.
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Syndrém Environmentéalna anomalia Posti-
hnuty
druh

Deficit
Nizky obsah pody s vyraznym nizkym obsahom Co, napr. extenzivne P
Co vyluhované, Kkyslé piesCité pdédy alebo pdédy sCo
imobilizovanym Fe a Mn hydroxidmi
Nizky obsah P materské horniny s vysokym obsahom Fe a Al, nizke pH P
pody a vysoky obsah organickej hmoty
Nizky obsah pody svyrazne nizkym obsahom Se, napr. vylihované C.H
Se piescité poédy, s¢asti ak su chudobné na organickl a ilovit
frakciu; fixacia Se v pddach, ktoré s bohaté na Fe
Nizky obsah vapencové materské horniny, aridné piescité pédy C,H
Zn
Toxicita
Vysoky obsah vody z niektorych hydrotermalnych zdrojov alebo pddy C.H
As odvodené z detritu rad (najma z Au rad); vody studni alebo
zavlahové vody 1z pieskovcov svysokym obsahom
arzenopyritu
Vysoky obsah vody z niektorych vrstiev, najmé& z ryolitickych hornin, C.H
F Cierne bridlice alebo uhlie, pdédy z mineralnych alebo
industrialnych rezidui obsahujacich F
Vysoky obsah Mo z molybdenonosnych bridlic alebo lokalnej P
Mo mineralizacie, $pecidlne, ak je odvodiiovanie slabé a pédne
pH je vyssie ako 6,5 (vyznamna pri¢ina deficitu)
Vysoky obsah bioakumulacia Se v pddnych horizontoch bohatych na C.H
Se organickl.  hmotu, akumulacia podzemnymi vodami
s vysokym pH-—

Vysvetlivky: C — &lovek, H — hospodarske zvierata véeobecne, P — prezivavy dobytok

Uvedené priklady nie si samozrejme vycerpdvajtice, ale poukazuji na nasledujtce fak-
ty:

Geochemické zloZenie hornin, z ktorych vznikli pody, méZe priamo alebo nepriamo
ovplyvitovat rovnovdhu stopovych prvkov v podach a v plodindch, ktoré sa na nich pes-
tuju. Dosledkom st regiondlne rozdiely v obsahu Cr, Cu, I, Fe, Zn a Se, ako aj nadby-
tok As, Cd, E Pb a Se.

Diferencie v podnej vlhkosti a kyslosti, resp. alkalite st spdsobené bud prirodzene, ale-
bo kultivdciou a zavlaZovanim, industrializdciou alebo urbanizdciou. ZavlaZovanie
alkalickymi vodami, najma takymi, ktoré drénuju bridlice a niektoré mineralizované gra-
nity, vyrazne zvySuje obsah Mo a Se. Zdvlahové vody bohaté na Fe obmedzujui obsah
Se v potravinovom retazci. Extenzivne vylihovanie niektorych kyslych piescitych pod
chudobnych na organickd hmotu podmietiuje deficit j6du a redukuje vyrazne dostup-
nost Se a Zn v pdde. Vysokd podna kyslost silno ovplyviiuje obsah Al, Fe a Mn v pes-
tovanych plodindch.

Vplyv geochemickych a podnych parametrov na Iudské zdravie z aspektu obsahu sto-
povych prvkov zdvisi od typu plodin, ktoré predstavujui ¢ldnok potravinového retazca.
Napriklad obsah Se a v mensej miere aj Zn v obilnych zrndch je markantne ovplyvneny
pddnymi podmienkami a typom pody.

Riziko spojené s obsahom stopovych prvkov vo vztahu k zdraviu moZe byt podstatne
ovplyvnené zmenami v zdrojoch pitnej vody alebo v podzemnych vodédch. Zvodnené
vrstvy (kolektory) vo fluéronosnych hornindch alebo zavlaZovanie pod bohatych na
F moZe zvysit prijem tohto prvku pitnou vodou alebo plodinami, a tak spdsobit velké
zdravotné problémy v komunite (napr. intoxifikdcia F s vplyvom na kosti). ZvySeny pri-
jem vody v aridnych oblastiach moZe byt dostato¢nym rizikom vzniku fluorézy, ak ob-
sah F vo vode prevySuje 2 mg.l! Na druhej strane, vylihovanie I z kyslych
mineralizovanych pod je doleZitym determinujicim faktorom deficitu jédu. Distribucia
deficitu Se mo6zZe byt podobne ovplyvnend vylihovanim mineralizovanych p6d zrazko-
vou vodou. Kontamindcia podzemnych vod a pramefiov As mdZe byt primdrne odvo-
dend od oxiddcie arzenopyritu. MoZno povedat, Ze okrem antropogénnych zdrojov aj
primdrne geochemické zloZenie podzemnych a povrchovych vod vyplyvajuce z interak-
cie s horninami sposobuje vSeobecny problém vo vztahu k zdraviu v mnohych ¢astiach
sveta, najma v regiondlnom rozsahu. Koncentrdcia prirodzene sa vyskytujticich mo-
bilnych prvkov ¢asto prekracuje odporticané hodnoty pre uZitkové vody a tie mozu
prekracovat limity v§eobecnej akceptovatelnosti na domdce pouzivanie.

Hlinik

Hlinik a jeho zli¢eniny su v prirode zna¢ne rozsirené a vacsinou st obmedzene rozpust-
né. Ich toxicita je nizka. Vztah Al k ludskému zdraviu je zaloZeny len na niekolkych
predpokladoch. Najzndmejsi z nich sa tyka tzv. dializacnej demencie. Tato demencia su-
visi s Alzheimerovou chorobou u pacientov, ktori sa podrobuji dlhodobej dialyze.
V mozgu ludi, ktori absolvuju ttito proceduru a maji zvySeny prijem Al, sa objavili zd-
rodky $pirdlovych vldkien. Samozrejme, hlinik je len v podozreni a nds beZny (environ-
mentdlny) kontakt s tymto kovom, zdd sa, nie je nebezpecny. Pri dialyze je predsa len
pristup Al do krvi a mozgu priamejsi ako, povedzme, cez zaZivaci trakt. Plati totiz, Ze
Clovek so zdravou bariérovou funkciou zaZivaciecho systému je schopny sprdvne
eliminovat hlinik. Bola zaznamenand negativna koreldcia medzi imrtnostou na choro-
by krvného obehu a koncentrdciou Al v prostredi. Vysoky obsah Al sa nachddza

Affected

species

Syndrome Environmental anomaly

Deficiency

Low Co content Soils with a very low Co content, e.g. strongly leached, acid sandy | R

soils or soils with Co intercepted by Fe and Mn hydroxides

Low P content Parent rocks with high Fe and Al contents, low soil pH and a high | R

content of organic matter

Low Se content Soils with a very low Se content, e.g. leached sandy soils, |H, U
particularly those low in organic and clay fractions. Se interception

in Fe-rich soils.

Low Zn content Limestone parent rocks, arid sandy soils. H,U

Toxicity

High As content Water from some hydrothermal springs or soils developed on ore | H, U
detritus (notably Au ores). Water from wells or irrigation water

from sandstones rich in arsenopyrite.

High F content Water from some beds, mainly from rhyolitic rocks H, U
Black shales or coal, soils from industrial residua or residua

containing F.

High Mo content Mo from Mo-rich shales or from local mineralization, particularly if | R
dewatering is slow and soil pH exceeds 6.5 (major cause of

deficiency).

High Se content Se bioaccumulation in soil horizons rich in organic matter, | H,U

accumulation by ground water with a high pH.

Legend:
H - humans
U - useful animals undifferentiated,

R - ruminant cattle

Understandably, the above examples do not include all elements that affect health,
but still they highlight the following facts:

The geochemical composition of rocks from which soils developed can affect direct-
ly or indirectly the equilibrium of trace elements in soils and in crops grown on them.
This results in regional differences in Cr, Cu, I, Fe, Zn and Se contents as well as in
surplus of As, Cd, F, Pb and Se.

Differences in soil humidity and acidity or alkalinity are caused either naturally or by
cultivation, irrigation, idustrialization or urbanism. Irrigation with alkaline water,
particularly that percolating through shales and some mineralized granites consider-
ably increases Mo and Se contents in soil. Fe-rich irrigation water reduce the Se
content in food chain. Strong leaching of some acid sandy soils with little organic
matter results in iodine deficiency and substantially reduced Se and Zn availability in
soil. High soil acidity strongly affects Al, Fe and Mn contents in cultivated crops.
The effect of geochemical and soil trace-elements parameters on human health
depends on the kind of crop grown, which is a link of food chain. For instance, the Se
content and to a lesser extent also the Zn content in cereal grains strongly depend on
soil conditions and soil type.

Health hazards related to trace element contents can change considerably due to a
shift from one the source of drinking water to another or due to changes in ground
water. Aquifers in fluorine-bearing rocks or irrigation of F-rich soils can result in an
increased intake of this element from drinking water or from crops and consequently
cause serious health problems in the community (e. g. F poisoning affecting bones).
Increased intake of water in arid areas can cause fluorosis if the F content in water
exceeds 2 mg.I"'. On the other hand iodine leaching from acid mineralized soils is an
important factor determining iodine deficiency. Similarly, the distribution of Se
deficiency may be caused by leaching of mineralized soils by meteoric water. Arsenic
contamination of ground water and springs may be caused primarily by arsenopyrite
oxidation. Aside from human activities, primary geochemical composition of ground
and surface waters resutling from the interaction with rocks generally causes health
problems in many parts of the world, usually in the regional scale. The concentrations
of naturally occurring mobile elements often exceed recommended levels for utility
water and sometimes also generally accepted levels for household use.

Aluminium

Aluminium and its compounds are widespread in nature. Their solubility is mostly
limited and toxicity is low. The relationship between Al and human health is based only
on a few assumptions, the best known of which regards so called dialysis dementia. It
is associated with Alzheimer’s disease of patients treated by dialysis over a long period
of time. Brains of people, who underwent this treatment involving an increased intake
of Al, develop nuclei of spiral fibres. But aluminium’s role has not yet been proved and
our common (environmental) contact with this metal does not seem to be dangerous.
Dialysis allows Al a more direct access to blood and brain than through the gastroin-
testine tract. A healthy barrier function of the human gastrointestine system can
adequately eliminate aluminium. A negative correlation has been noted between
deaths from blood-circulation diseases and Al concentration in the environment. High
Al contents in ground water occur in many developing nations where acid waters are
generated. Nevertheless, no impacts on human health have been published, mainly
because no long-term observations have been performed and also due to the
occurrence of other diseases which obscure Al-related disorders.

Arsenic



v podzemnych voddch mnohych rozvojovych krajin, kde sa generuju kyslé vody. Nebo-
li v8§ak opisané Ziadne vplyvy na zdravie obyvatelov, najma z dovodu absencie dlho-
dobych pozorovani, ani vyskytu inych prekryvajicich chordb, ktorym sa venuje
pozornost.

Arzén

Arzén patri medzi toxické prvky. Jeho toxicita rastie v poradi As’* > As>* > organicky
arzén. Plynny arzén AsH; je obzvldst toxicky. Elementdrny arzén nebyva povaZzovany za
toxicky z dovodu svojej nerozpustnosti. Najzndmejsia forma arzénu je oxid arzenity
As,0O,. Pri jeho uziti usmrcuje ddvka nad 0,2 g v priebehu niekolkych hodin. Ddvky
0,1-0,15 g poddvané za sebou v priebehu niekolkych dni vedu k subaktitnej otrave.
Chronicku otravu vyvold poddvanie asi 0,01 g As,O, denne. Existuje vSak aj urCity na-
vyk a organizmus toleruje trvald zdtaZ touto zliCeninou (tzv. uZivatelia arzénu,
sarzenofdgovia®).

Vyskytuju sa aj akiitne otravy a nie st ani zriedkavé. Napriklad v roku 1955 bolo v USA
zaznamenané viac nez 900 umrti v dosledku otravy pesticidmi, pricom najcastejsie islo
o arzénové prepardty. Pri chronickej otrave arzénom sa opisuji najmi zmeny na kozi
a slizniciach, neurologické a hematologické zmeny. Pokial ide o karcinogénne ucinky ar-
zénu, existuje znacny pocet prdc o rakovine vyvolanej abnormédlnou koncentrdciou As
v geochemickom prostredi. NajzaujimavejSie st tdaje tykajtice sa lokality Reichenstein
v Sliezsku a provincie Cordéba v Argentine. Pokial ide o prvu lokalitu, ndzor o priame;
spojitosti medzi anomdlnym vyskytom rakovinovych chorob a zvySenym obsahom As
v pitnej vode tu bol vysloveny uZ zaciatkom 19. storocia. V lokalite sa celé storocia
spracuvali zlatonosné As rudy. S dymom unikalo velké mnoZstvo As, ktory sa zrdzkovy-
mi vodami dostdval do povrchovych a podzemnych vod. Obyvatelia mesta trpeli vdZny-
mi chorobami. Napriek tomu, Ze anomédlny obsah As vo voddch bol ddvno zndmy, a7
koncom 19. storocia sa preukdzalo, Ze v pripade tejto tzv. Reichensteinskej choroby is-
lo o rozne §tddid a prejavy chronickej otravy As (Zalido¢no-Crevné tazkosti, vredy v ts-
tach, kerat6z na prstoch atd.). Polovica pacientov trpiacich na tito chorobu zomrela na
rakovinu. So zmenou metalurgického procesu a zriadenim nového zdroja pitnej vody
s velmi nizkym obsahom As epidémia Reichensteinskej choroby vymizla. V tomto pri-
pade i8lo v8ak o chorobu vyvolant vyslovene umelo vytvorenym geochemickym prostre-
dim. Celkom podobny je aj pripad endemickej intoxikdcie arzénom v prirodzenom
geochemickom prostredi v argentinskej provincii Cordéba. Prirodné vody tejto provin-
cie st znacne obohatené o As. Anomadlia zasahuje aj mesto Bell Ville, kde sa zistil
abnormdlny vyskyt rakoviny pokozky. Treba podotkntit, Ze pramenité vody obsahuju
vyssiu koncentrdciu As len vzdcne. Z dalsich pripadov moZno uviest oblast termdlnych
prameiiov Vaiotapu (Reporea, Novy Zéland), kde bola zaznamenand endemickd otrava
z mlieka krdv napdjanych touto vodou, alebo oblast Tchaj-wanu, kde boli obyvatelia od-
kdzani na pitnu vodu z artézskych studni s vysokym obsahom As a trpeli syndrémom
tzv. suchej gangrény (odumreté tkanivo). V regione Hornej Nitry sa v Sestdesiatych ro-
koch zistil ndrast koZnych ochoreni a akitnych portch traviaceho ustrojenstva ako do-
sledok nadmerného znecistovania ovzdusia spalovanim uhlia s vysokym obsahom As.
V exponovanej oblasti sa zistili varovné zmeny v krvnom obraze a hodnotdch hemoglo-
binu u deti. Najnovs§im vyskumom sa zistilo, Ze deti z tohto regiénu si pamétaju o tre-
tinu horsie ako ich vrstovnici z menej zne€istenych oblasti.

Bor

Vysoko toxické su zliceniny boru s vodikom. Posobia drdZdivo na pokozku a sliznice.
Pri inhala¢nej expozici vznikaju plticne edémy. Toxickd droveri pre ¢loveka je 4 g.deii™.
7 dovodu esenciality B pre rastliny v literatire moZno ndjst najviac udajov o tejto
problematike. Sleduje sa jeho obsah v zdvislosti od typu pody a rastlinného druhu. Kon-
Statuje sa velmi variabilny prijem B u zvierat vo vztahu k uvedenym subjektom (koncen-
trdcia je ovplyvnend typom pody a formou vystupovania). Z pastvin na slancovych
a soloncakovych podach Kuludinskej stepi v byvalom ZSSR bol zaznamenany vysoky
obsah B, ktory sposoboval choroby zaZivaciecho traktu a plic u oviec. Navyse, vodné
zdroje boli zna¢ne obohatené o tento prvok (do 2,2 mg.I"!), o zrejme prispelo k toxici-
te. Zaujimavd medicinsko-geochemicku implikdciu B moZno uviest v suvislosti s jo-
dovym deficitom, Casto vztahovanym k doskovej tektonike. V severnom Pakistane
moZno vyskyt strumy rozdelit na dve geologické oblasti — severnu a juznu. Tieto oblas-
ti rozdeluje hlavny karakoramsky zlom smeru V-Z. Vo vztahu k tejto chorobe sa okrem
rozdielov v pohlavi a veku zistila nezdvisld Statisticky vyznamnd diferencia medzi obo-
ma oblastami. Hlavny karakoramsky zlom je zdpadnym pokracovanim §vu Indus
— Tsang-Po, ¢astou koliznej hranice medzi indickou a dzijskou doskou. Ci su rozdiely
dané jednoducho geochemickou diferenciou medzi dvoma doskami, alebo suvisia s ko-
liziou, nie je zndme. Niekolko strumogénov ako BF4, SO3F molybddty a Li sa vSak
vyskytuje severne od hlavného karakoramského zlomu v Pakistane a Afganistane, t. j.
koncentruju sa v dzijskej nesubdukénej doske korovym tavenim a metalogenetickymi
procesmi spojenymi s hranicou dosky.

Bdrium

Ludsky organizmus obsahuje asi 20 mg Ba, najmé v kostiach. Soli Ba su toxické v pri-
pade, ak su rozpustné. Toxickd ddvka Ba pre ¢loveka je 200 mg.defi!. Barytovy prach
z tazby barytu moZze sposobit plicne poskodenie, no toto poskodenie je reverzibilng, ak
sa expozicia prerusi. V stvislosti s imrtnostou na kardiovaskuldrne choroby sa v jedno-
tlivych Stdtoch a velkych mestdch USA zistila zaujimavd skuto¢nost, Ze mestd vyznacu-
juce sa vysokou umrtnostou vyuZivaji upravované vody s priznacne nizZSou
koncentrdciou Ba (aj Mg, Na, K) v porovnani s vodou miest vyznacujticich sa nizkou
umrtnostou. V pripade pddy sa zistil opa¢ny trend. Z novsich vyskumov finskych auto-
rov (1997) vyplynuli znaéné diferencie medzi tromi geochemickymi oblastami Finska
z aspektu vplyvu na imrtnost na kardiovaskuldrne choroby. Oblast s vysokym indexom
umrtnosti bola charakterizovand aj vysokym obsahom Ba v podach (okrem dalSich prv-
kov — Co, Cr, Cu, Ni a Ti). O moZnej karcinogenite Ba svedcia experimentdlne ddaje
0 roz8ireni stopovych prvkov v rakovinovych tkanivdch Zalddka z oblasti Vychodného

Arsenic is a toxic element. Its toxicity increases from As** to As’* to organic arsenic.
Particularly toxic is gaseous arsine AsH,. Native arsenic is not considered toxic thanks
to its insolubility. The best known form of arsenic is arsenic trioxide As,O, whose lethal
dose of over 0.2 g will kill in several hours. Daily doses of 0.1 - 0.15 g administered
over a period of several days cause subacute poisoning, whereas daily doses of about
0.01 g As,O, lead to chronic poisoning. However, the organism may get used and
tolerate this compound (so called arsenic consumers, arsenophaguses).

Acute poisonings are not very rare, e. g. in 1955 pesticide poisoning, largely by arsenic
compounds, claimed more than 900 lives in the USA alone. Chronic arsenic poison-
ing causes mainly changes in skin and mucous membranes, neurological and hemato-
logical changes. As for the carcinogenic effects of arsenic, a number of publications
deal with cancer due to an increased As concentration in the geochemical environ-
ment. The most interesting data of this kind regard Reichenstein in Silesia and
Cordoba Province in Argentina. The assumption that the increased incidence of cancer
in the former location is related to the increased As values in drinking water dates back
to as carly as the beginning of the 19" century. Arseniferous gold ores had been
processed here for centuries. The fumes contained large amounts of As which through
meteoric water got into surface and ground waters. The town’s residents suffered from
serious diseases. Although the anomalously high As content in water had been known
long before, it was not until the late 19" century that the so called Reichenstein disease
was identified as various phases and manifestations of chronic As poisoning
(stomach-intestine disorders, ulcers in mouth, keratosis on fingers, etc.). A half of
patients suffering from this disease died of cancer. The Reichenstein disease
disappeared when the smelting process was modified and a new water source with very
low As levels was put into operation. In this case the disease was certainly caused by
human activity which changed the geochemical environment. A similar example
regards endemic arsenic poisoning in the natural geochemical environment in the
Caédoba Province, Argentina. Natural water in this province is highly enriched in As.
The anomaly involves also the town of Bell Ville where skin cancer is widespread. It is
worth mentioning, however, that spring water here rarely has higher As concentrations.
Other examples include Vaiotapu hot springs in Reporea, New Zealand, where milk
from cows drinking this water causes endemic poisoning, and areas in Taiwan where
As-rich water from artesian wells gave rise to the so called dry gangrene syndrome
(dead tissue). In the 1970s, an increased incidence of skin diseases and acude digestive
disorders were noted in the Upper Nitra Valley as a result of air pollution due to
burning of high-arsenic coal. In the worst hit area, serious changes appeared in blood
composition and haemoglobin contents of children. The latest surveys have revealed
that children from this region have memory capacity by one-third worse than children
of the same age from less polluted regions.

Boron

Boron compounds with hydrogen are highly toxic. They irritate the skin and mucous
membranes. When inhaled, they cause lung oedema. A toxic level for humans is 4 g per
day. As B is essential for the growth of plants, ample data on this issue have been
published, notably on its concentrations in respective soil types and plant species. B
intake by animals is highly variable depending on the above factors (B concentration
depends on the soil type and the form of B occurrence). High B contents in saline
pasturelands in Kuludin steppe in the former USSR caused diseases of gastrointestine
tracts and lungs of sheep. Furthermore, water sources in the area were considerably
enriched in this element (up to 2.2 mg.l") and consequently probably toxic. An
interesting medicine-geochemical implication of B is associated with iodine deficiency
which is often related to plate tectonics. In northern Pakistan, thyroiditis occurs in two
geological areas - northern and southern. The two areas are separated by the main E-
W-trending Karakorum fault. Major statistical differences have been noted in the sex
and age of those suffereing from thyroiditis as well as between these two areas. The
main Karakorum fault is a western extension of the Indus - Tsang-Po suture and
therefore part of the collision boundary between the Indian and Asian slabs. It is not
known whether the differences result simply from the geochemical differences between
the two slabs or are related to the collision. But some substances causing thyroiditis,
such as BF,, SO,F, molybdates and Li occur north of the main Karakorum fault in
Pakistan and Afghanistan, i.e. they are concentrated in the Asian nonsubducting slab
as a result of crustal melting and metallogenic processes related to the slab margin.

Barium

A normal man contains approximately 20 mg Ba, mainly in bones. Ba salts are toxic,
if soluble. A toxic dose for humans is 200 mg per day. Baryte dust in a baryte mine can
cause a lung disease. The disease is reversible, on condition that the exposure to baryte
dust ends. Research of deaths from cardiovascular diseases in respective states and big
cities of the USA has revealed an interesting fact that the cities with a high mortality
use treated water typically with lower Ba (and also Mg, Na, Ca) concentrations in
comparison with the low-mortality cities. An opposite trend has been noted in soils.
Recent researches by Finnish workers (1997) have indicated considerable differences
regarding cardiovascular diseases in Finland’s three geochemical regions. The region
with a high mortality typically has high Ba contents in soils (along with further
elements: Co, Cr, Cu, Ni and Ti). Possible carcinogenic effects of Ba are suggested by
experimantal data on the distribution of trace elements in cancer tissues in stomach
in eastern Transbaikal region affected by various endemic diseases. Aside from
increased Sr contents (about 0.09 %), the affected tissues also had increased Ba values
ofupto 1 %.

Beryllium

Beryllium, particularly in compounds, ranks among the most toxic substances.
Beryllium’s high toxicity results from its ability to replace some biogenic elements
(mainly Mg). It hurts the respiratory tract and skin and causes the chronic disease
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Zabajkalska, oblastou s vyskytom r6znych endemickych chordb. Okrem zvySeného ob-
sahu Sr (okolo 0,09 %) sa v chorych tkanivdch zistil aj zvySeny obsah Ba, ktory dosaho-
val az 1 %.

Berylium

Berylium predovsetkym vo svojich zlticenindch patri medzi najtoxickejsie ldtky. Tito vy-
sokd toxicita sa pripisuje jeho schopnosti vytesiiovat niektoré biogénne prvky (predo-
vSetkym Mg). Poskodzuje dychacie cesty a koZu, chronickym ochorenim je berylidza.
Zndme su i karcinogénne ucinky. Okrem pripadov profesiondlneho pdvodu bol
zaznamenany neprofesiondlny vyskyt berylidzy v okoli zdvodov na spracovanie Be. Na
uzemi byvalého ZSSR boli zaznamenané pripady Be-rachitio v tdzemiach s podami
bohatymi na Be. Predpokladd sa, Ze nadbytok Be md vyznamnu dlohu pri vzniku tzv.
Lurovskej“ choroby v Amurskej oblasti. Tento prvok sa naSiel ako prvd anorganickd
substancia, ktord je karcinogénna (ndhodne pri pokusoch na zvieratdch r. 1978). V at-
mosfére priemyselnych miest Anglicka (Liverpool, Bootle) bolo namerané 0,001 mg Be
v 1 000 m?® vzduchu pri sticasnom sledovani dalsich stopovych prvkov. Najvyznamnej-
Sia spojitost s rozsirenim rakoviny plic sa ukdzala prdve v pripade Be, menej vyrazny
bol tento vztah pri As, Zn a V. Niektori autori vS§ak na druhej strane povaZuju karcino-
genitu Be za kontroverznu v dosledku problémov s epidemiologickymi Stidiami. Nie je
preukdzand ani environmentdlna expozicia (s¢asti i s antropogénnym zdrojom), ktord
by dosahovala kriticku droveni. Dokonca v sprdve US Public Health Service z roku 1943
sa tvrdilo, Ze Be nie je toxickym médiom.

Wyskumy pdd v tropickej Afrike (Ethiopian Rift valley) v oblasti vyskytu elefantidzy
(podioconiosis) a prilahlych oblastiach s jej nizkym vyskytom dokdzali, Ze obsah Be
(i Zr) v endemickych oblastiach bol dvojndsobny oproti neendemickym. Tdto skutoc-
nost podporuje experimentdlne ziskany poznatok, Ze Be je spojené s dobre opisanou
chorobou, ktorej mikroskopickd patoldgia vykazuje rovnaké povrchové zmeny Iudskych
tkaniv ako v pripade elefantidzy.

Bizmut

Bizmut bol farmakologicky a toxikologicky pomerne dokladne preskimany na terapeu-
tické ucely niektorych jeho zlicenin. Preto vSak treba konStatovat, Ze dobre zndme su
medicindlne otravy, na rozdiel od priemyselnych. Otrava Bi sa vo svojich dosledkoch
podobd otrave Pb alebo Hg. Bizmut napriek tomu, Ze podla niektorych autorov nemd
zndmy ani mozny biologicky efekt na organizmy, sa najnovsie zaraduje medzi poten-
cidlne rizikové prvky. Uddva sa aj jeho toxicita pre rastliny (27 mg.I"") a pokusné zviera-
td (potkan 1,5 mg.den toxickd ddvka, 160 mg.defi™! letdlna ddvka). Z aspektu
medicinskej geochémie niet tdajov, doleZitd je vSak jeho nizka mobilita v oxida¢nych,
kyslych a neutrdlno-alkalickych environmentdlnych podmienkach. Pokial ide o rastliny,
v popole z rastlin Vychodného Zabajkalska sa zistilo az 0,01 % Bi. Jeho akumuldtorom
si aj morské organizmy — uddva sa koeficient koncentrdcie 300 (koncentrdcia
v popole/morskej vode).

Vdpnik

Vdpnik je biogénny prvok a pre vsetky organizmy je relativne neskodny. K poskodeniu
koZe a sliznice oka dochddza len profesiondlne — hydroxidom vdpenatym. Zdravy
[udsky dospely jedinec obsahuje okolo 1,25 kg Ca, z ktorého 99 % je akumulované ako
fosfdt. Z aspektu medicinskej geochémie a epidemiologického aspektu zaujimavym rizi-
kovym faktorom aterosklerdzy je inverzny vztah timrtnosti na kardiovaskuldrne choro-
by k tvrdosti pitnej vody, potvrdeny vo viacerych krajindch sveta (Kanada, Japonsko,
Srbsko). Mechanizmy, akymi tvrdost vody ovplyviiuje aterosklerézu, nie su zatial objas-
nené. Slovensko, vdaka svojej pestrej geologickej stavbe, vykazuje velkd variabilitu
vyskytu vod s roznou tvrdostou. Vdpnik md nesporne velky vplyv na absorpciu
a akumulovanie celého radu prvkov do organizmu. V Strednej Azii sa zistilo, Ze v kost-
nom tkanive ludi, ktori konzumovali riecnu vodu s nizkym obsahom Ca, sa ukladalo
viac rddia neZ v kostiach osob, ktoré pouZivali podzemné pitné vody s vysokym obsa-
hom Ca. Pokial ide o ,,antikarcinogénne* vlastnosti Ca, moZno uviest skuto¢nost, Ze uz
koncom 19. storoc¢ia sa vyskumom v Anglicku a Walese zistil velmi nizky stupeii
umrtnosti na rakovinu u udi Zijucich vo vdpencovych oblastiach (na rozdiel od oblast{
vysokej umrtnosti v niZindch, sezénne zaplavovanych riekami s kyslymi podami bohaty-
mi na organickui hmotu). Je sice nepravdepodobné, Ze by deficit Ca v prostredi mohol
mat sdm o sebe karcinogénny ti¢inok. Je vSak nesporné, Ze tiroveri obsahu Ca v prostre-
di md znac¢ny vplyv na prijem celého radu stopovych prvkov organizmom, a teda nie je
vylicené, Ze na bdze deficitu Ca dochddza k intenzivnejSiemu posobeniu karcinogén-
nych stopovych prvkov.

Kadmium

Kadmium je vo v§eobecnosti klasifikované ako toxicky prvok, inhibuje sulfhydrylové en-
zymy. Toxickd droveii pre Cloveka sa uddva v rozmedzi 3-330 mg.defi-'. Prijem potravy
alebo ndpoja kontaminovaného Cd vyvoldva akitne poruchy trdviaceho systému,
vdychovanim (vplyv fajéenia) dochddza k poskodeniu respiracného systému. Akiitna
i chronickd expozicia vysokou koncentrdciou Cd v prachu, pardch kovov a tabakovom
dyme vyvoldva poskodenie plic. Dlhodobd expozicia Cd sa prejavuje poskodenim lad-
vin, ked poskodené ladvinové kandliky znemoZiiuju vstrebdvanie Ca a fosfdtov. Vysledny
nedostatok minerdlov spdsobuje maknutie kosti (osteomalacia) spojené so silnymi
bolestami.

V roku 1971 opisal J. Kobayashi syndrémy poSkodenia Iadvin a kostnej hmoty (syn-
drom itai-itai) u obyvatelov v oblasti rieky Jinzu, v prefektiire Toyama v Japonsku, kde
st vyznamné loZiskd sulfidickych rid Zn, Pb, Ag, Au, Bi a Cd. V obdobi najvacsej
produkcie (intezivna tazba nastala po roku 1890) sa tazilo okolo 4 000 ton sulfidickej
rudy denne, z ¢oho sa ziskavalo ro¢ne 100 ton kadmia. Sulfidické rudy na vzduchu oxi-
dovali za vzniku kyslych siranovych roztokov. U¢inky Cd sa zacali prejavovat najviac asi
40 km po prude rieky Jinzu, kde bola kontaminovand riecna voda pouZivand na
zavlazovanie ryZovych poli. Tu sa Cd v redukénom prostredi ryZového bazénu zrdzalo

berylliosis. It is also known to have carcinogenic effects. Berylliosis is not only an
occupational disease as people living in the vicinity of Be-processing plants also suffer
from it. Be-rachitis occurs in areas with Be-rich soils in the former USSR. Be also
probably played an important role in causing the so called Urovsk disease in the Amur
region. This element was the first identified carcinogenic substance (identified by
chance during tests on animals). Measurements of the contents of several trace
elements in the atmosphere of England’s industrial cities (Liverpool, Bootle) have
revealed a concentration of 0.001 mg Be in 1000 m* of air. Be has been found to be the
strongest carcinogen; As, Zn and V displaying a less pronounced relationship with
cancer. Some authors, however, point out that beryllium’s carcinogenic effects are
controversial given problems in epidemiologic studies. Neither has been proved
environmental exposure (in part from a man-made source) of the critical level. A 1943
US Public Health Service report even stated that Be is not toxic.

Soil research in tropical Africa (Ethiopian Rift Valley) in an area affected by elephan-
tiasis (podioconiosis) and in adjacent relatively unaffected areas has shown that Be
(and also Zn) contents in the affected area are twice as high as the contents in the
unaffected ones. This fact supports the experimentally proved association between Be
and a thoroughly investigated disease whose microscopic pathology displays the same
surface changes in human tissues as elephantiasis does.

Bismuth

Bismuth has been pharmacologically and toxicologically thoroughly invetigated,
owing to the therapeutic effects of some of its compounds. For this reason, medicinal
Bi poisoning is much better known than industrial poisoning. The consequences of Bi
poisoning are similar to those of Pb or Hg poisoning. Although some authors assume
that bismuth has neither known nor possible biological effect on living organisms, it
has recently been assigned among potentially hazardous elements. Its toxic doses have
been ascertained for plants (27 mg.I"") and for test animals (a toxic dose for rats is 1.5
mg per day and a lethal dose is 160 mg per day). Medicine geochemistry has provid-
ed no data on Bi, but important geochemical data comprise its limited mobility in
oxidation, acid and neutral-alkaline environments. As for plants, plant ash from the
eastern Transbaikal region contains up to 0.01 % Bi. It concentrates also in marine
organisms as Bi content in their ash is 300 times the content in seawater.

Calcium

Calcium is a biogenic element, relatively harmless for all organisms. Calcium hydrox-
ide can only hurt the skin and mucous membranes in some professions. A healthy man
contains approximately 1.25 kg Ca, of which 99 % is in the form of phosphate. From
the points of view of medicine geochemistry and epidemiology, an interesting risk
factor of atherosclerosis is the inverse relationship between deaths from cardiovascu-
lar diseases and drinking-water hardness confirmed in several countries across the
world (Canada, Japan, Serbia). Mechanisms through which water hardness influences
atherosclerosis have yet to be discovered. Thanks to its complex geological structure,
waters in Slovakia differ greatly in hardness. Calcium undoubtedly strongly affects the
absorption and accumulation of a number of elements in organisms. Bone tissues of
people in Central Asia who drank low-calcium river water contained more radium than
those of people who consumed ground water. Calcium’s anti-carcinogenic effects were
suggested by investigations in England and Wales at the end of the 19% century which
indicated very low cancer-related mortality of residents in areas underlain by
limestones in contrast to a high mortality in lowlands seasonally inundated by rivers
with acid soils rich in organic matter. Although Ca deficiency in itself is unlikely to be
carcinogenic, Ca levels in the environment undoubtedly considerably influence the
intake of a number of trace elements by living organisms and therefore Ca deficiency
can possibly enhance the effects of carcinogenic trace elements.

Cadmium

Cadmium is generally considered a toxic element which inhibits sulphidryl enzymes. A
toxic dose for humans ranges from 3 to 330 mg per day according to different authors.
Cd consumed in Cd-contaminated food or drink causes acute disorders of the
gastrointestine tract, whereas inhaled Cd (during smoking) hurts the respiratory
system. Acute and chronic contact with high Cd concetrations in dust, metallic fumes
and tobacco smoke hurts lungs. A prolonged contact with Cd hurts kidneys when
affected kidney channels are unable to admit Ca and phosphates. The ensuing lack of
mineral substances causes bone softening (osteomalacy) accompanied with strong
pain.

In 1971, J. Kobayashi described syndromes of injured kidneys and bone matter (itai-
itai syndrome) of residents living near the Jinzu River in the Toyama prefecture, Japan,
with major deposits of Zn, Pb, Ag, Au, Bi and Cd sulphide ores. In their heyday after
1890, local mines produced about 4,000 tonnes of sulphide ore a day from which 100
tonnes of cadmium were extracted annually. Exposed to air, the sulhide ores oxidized
producing acid sulphate solutions. The released Cd caused maximum damage about
40 km downstream the Jinzu River where the contaminated water was used for the
irrigation of rice fields. In the reducing environment of the rice fields, Cd precipitated
as a little mobile sulphide. When the sediments dried up and the oxidation conditions
changed, however, the Cd was released from the sulphide and subsequently bound to
hydrous oxides of Mn and Fe or to carbonates and clay minerals. Cd in these forms
could be fairly easily dissolved and could enter the foodchain depending on how long
the sediment was dry. After a complicated travel, the Cd from the primary source
through plants reached people who daily consumed approximately 300 - 400 mg Cd,
i.e. twice the natural daily intake. Worst hit by the itai-itai disease were old women
deficient in Ca, P and vitamin D.

In some areas in the Salamanca province in Spain, prostatic cancer is widespread.
Having gradually ruled out most possible causes, researchers concluded that the only
remaining possible risk factor is the occurrence of an environmental carcinogen.



vo forme pomerne mdlo mobilného sulfidu. Pri vysuSeni sedimentov zmenou oxi-
dacnych podmienok sa vSak Cd viazané v podobe sulfidu uvolnilo a viazalo sa na
hydratované oxidy Mn a Fe alebo na karbondty ¢i flové minerdly. Tieto formy umoZiio-
vali [ah$iu mobilizdciu do roztoku a vstup Cd do potravinového retazca v zdvislosti od
doby, po ktort sa sediment vysuSoval. Vysledkom komplikovanej cesty Cd z primdrne-
ho zdroja do rastlin bola skuto¢nost, Ze postihnuti obyvatelia prijimali denne asi 300 a7
400 mg Cd, ¢o predstavuje zhruba dvojndsobok prirodzeného tyZdenného prijmu. Cho-
robou itai-itai tu boli najviac postihnuté starsie Zeny, u ktorych sa zistil deficit Ca, P a vi-
taminu D.

V niektorych oblastiach provincie Salamanca v Spanielsku sa zistil nadmerny vyskyt ra-
koviny prostaty. Po postupnom vyliceni va¢Siny moZnych pri¢in sa konstatovalo, Ze je-
dinym moZnym rizikovym faktorom musi byt pritomnost niektorého
z environmentdlnych karcinogénov. Ndsledne sa geochemickym prieskumom zistil ex-
trémne vysoky obsah Cd v rie¢nych sedimentoch. Tdto anomdlia nekore$pondovala
s antropogénnou ¢innostou, ale skor s vysokym regiondlnym obsahom Cd v materskych
hornindch. Teda obsah Cd v podach vzniknutych na danych hornindch, ako aj jeho ob-
sah v podzemnych voddch moZno hodnotit ako prirodzeny geochemicky rizikovy faktor
pre tuito oblast. Takymi horninami moZu byt napr. Cierne bridlice. Pody odvodené z nich
potom odrdZaju ich extrémne geochemické zloZenie a obsah prvkov v trode je v tizkom
vztahu s obsahom v tychto hornindch s moZnymi ndsledkami na ludské zdravie
u konzumentov plodin. Zaujimavd je napr. aj skutocnost, Ze v 28 velkych severo-
americkych mestdch sa zistila velmi vyraznd spojitost medzi imrtiami na hypertenziu
a aterosklerézu a koncentrdciou Cd a Zn v ovzdusi. Z aspektu karcinogenity Cd bude
nutné dalSie epidemiologické Stidium najméa v pripade neprofesiondlnej expozicie.

Cér

Cér je preskimany predovsetkym z farmakologického aspektu. Cerité soli si médlo
rozpustné v porovnani s ceriCitymi, a tym su takto menej toxické. V Tomskej oblasti
(byvaly ZSSR) sa v sedemdesiatych rokoch zistila pozitivna koreldcia medzi rozsirenim
leuk6zy u deti a celkovym obsahom REE v podach. Je zaujimavé, Ze oxidy a hydroxidy
REE sa vyznacuju katalytickymi ucinkami a niet dovodov pochybovat o moZnosti
ovplyvnenia roznych reakcii v Zivej bunke. Z novsich vyskumov (1992) v Nérsku sa zis-
tila pozitivna koreldcia rakoviny koZe a inych malignych melanémov s Ce, podobne
u Zien rakovina prsnika s tymto prvkom v geochemickom prostredi.

Kobalt

Kobalt je nevyhnutnym prvkom pre fudsky organizmus. Jeho hlavny vyznam je v ucas-
ti na krvotvorbe. Kovovy kobalt je jedovaty. Toxickd troveti pre ¢loveka je 500 mg.deii.
Na druhej strane, deficit Co v geochemickom prostredi vyvoldva u [udi avitamindzy.
Existuje vztah medzi chorobami §titnej Zlazy a Co, najma pokial ide o pomer Co/l
v geochemickom prostredi. Ruski badatelia zistili inverzny vztah medzi obsahom Co vo
voddch a pode a zvacSenou Stitnou Zlazou u zvierat a ¢loveka (byvald Tatdrska AZSR).
Pri porovnani geografického rozsirenia rakoviny a biogeochemickych provincif je nd-
padnd zhoda medzi rozsirenim rakovinovych chordb a chordb Stitnej Zlazy. TaktieZ vy-
chddza, Ze tzemia s maximdlnou umrtnostou na rakovinové choroby su zdroveil
provinciami Mo toxikéz, resp. prejavov deficitu Co a Cu.

Chrém

Chrém v [udskom tele sa zistil vo velmi malom mnoZstve a zdd sa, Ze md svoju vyznam-
nu biologicku ulohu. V toxikoldgii sa najviac pozornosti venuje zlti¢enindm Cré*. Toxic-
kd droveii pre Cloveka je 200 mg.dei”! a letdlna ddvka 3 g.deni”!. Cr patri k prvkom,
o ktorych sa predpokladd, Ze maju priaznivy ucinok na aterosklerézu. Zdvazné je tu zis-
tenie, Ze tkanivd obyvatelov tych oblasti sveta, kde je vyskyt aterosklerézy nizky, alebo
kde tdto choroba prakticky neexistuje, sui podstatne bohatsie na Cr neZ tkanivd obyva-
telov, kde je rozsirenie choroby temer endemické. Zndamy je inverzny vztah rozsirenia
diabetes mellitus (cukrovka) k obsahu Cr. Ako priklad mdZe posliZzit vyskum realizo-
vany v roku 1970 v indidnskej rezervdcii Pima v Arizone, vyznacujuicej sa znaénym roz-
Sirenfm diabetes. Rastlinnd potrava vypestovand v rezervdcii a tvoriaca znacnu cast
stravy Indidnov bola vyrazne deficitnd na Cr. Medzi najzavaznejSie zdravotné ticinky Cr
patri jeho karcinogenita, spravidla v§ak ide o profesiondlnu expoziciu. V suvislosti s roz-
nou toxicitou Cr vo vztahu k jeho mocenstvu moZzno uviest zaujimavy pripad tykajuci
sa pod. Obsah Cr v pode sa pohybuje v Sirokom rozmedzi, od stopového mnoZstva do
hodnot okolo 250 mg.kg™'. Najvyssia hodnota bola doteraz zaznamenand v Puerto Ri-
co, a7 5,23 %. Pretoze Cr je v tejto pode pritomny prevazne vo forme Cri*, teda vo for-
me relativne mdlo vstrebdvanej rastlinami, je velmi nepravdepodobné ohrozenie zdravia
Cloveka i v pripade, Ze polnohospoddrske produkty, ktoré pouZiva, boli vypestované
v oblasti nadmerne kontaminovanej Cr.

Med

Med patri medzi prvky, ktoré st pre ¢loveka na jednej starane esencidlne, na druhej stra-
ne potencidlne toxické. Z aspektu profesiondlnej expozicie nie je vyznamnd, ale pri vy-
staveni pracovnikov pardm alebo jemnym prasnym aerosélom Cu moZe vzniknut
horticka z kovov. Toxickd droveii pre ¢loveka je 250 mg.deni”!. Cu patri k prvkom, ktoré
urcite maju zna¢ny vplyv na vznik a vyvoj chordb krvného obehu. Je zaujimavé, Ze pre-
vaznd vacSina autorov zaznamenala pozitivnu koreldciu medzi koncentrdciou tohto ko-
vu v geochemickom prostredi a tmrtnostou na rozlicné choroby krvného obehu.
Napriklad v Sestdesiatych rokoch sa zistilo, Ze severoamerické mestd vyznacujuce sa vel-
kou umrtnosfou na aterosklerézu a choroby spojené s vysokym krvnym tlakom su
zdsobované pitnymi vodami s vy§Sou koncentrdciou Cu neZ mestd charakterizované
nizkou umrtnostou. Podobnd zdvislost sa zistila v 95 metropolitnych oblastiach USA
v pripade korondrnych srdcovych chordb. Na druhej strane, z aspektu dalSicho média
geochemického prostredia je zdvislost opacnd. Napriklad v Georgii sa okresy s vysokou
umrtnostou na kardiovaskuldrne choroby vyznacuju podami s nizSou koncentrdciou Cu
v porovnani s okresmi vykazujicimi nizku imrtnost. Zatial sa nedd preukdzat, ¢i vznik

Follow-up geochemical survey found extremely high Cd contents in the local fluvial
sediments. The Cd anomaly was related to high regional Cd values in parent rocks
rather than to human activity. For this reason, Cd contents in soil developed on such
rocks as well as Cd contents in ground water can be regarded in this area as a natural
geochemical risk factor. Such parent rocks include for instance black shales as soils
derived from them have an extreme geochemical composition which controls elemen-
tal contents in crops which in turn hurt human health. Another interesting fact is the
association between atheroscerosis and hypertesia deaths on the one hand and Cd and
Zn concentrations in the atmosphere on the other hand in 28 big cities in northern
Africa. The carcinogenic effects of Cd, mainly Cd-related nonoccupational diseases,
will require further epidemiological studies

Cerium

Cerium has been studied mainly from a pharmacological point of view. Freevalent
cerium salts are poorly soluble in comparison with tetravalent ones and therefore are
also less toxic. In the Tomsk area in the former USSR, a positive correlation was found
in the 1970s between the incidence of leucemia of children and the total REE content
in soil. It is worth mentioning that REE oxides and hydroxides have catalytic effects
and we have every reason to believe that they can influence various reactions in living
cells. Recent research in Norway (1992) has found a positive correlation of skin cancer
and other malignant melanomas with Ce, as well as that of women’s breast cancer with
this element in the geochemical environment.

Cobalt

An essential element for human organism, cobalt is needed mainly for blood produc-
tion. Metallic cobalt is toxic. A toxic dose for man is 500 mg per day. On the other
hand, Co deficiency in the geochemical environment causes lack of vitamins of
humans. There is a relationship between diseases of thyroid gland and Co, but mainly
the Co/I ratio in the geochemical environment. Russian researchers have found an
inverse relationship between the Co contents in water and soil and the incidence of
enlarged thyroid gland of animals and humans in the former Tartar Autonomous
Soviet Union Republic. A comparison of the geographic distribution of cancer with
biogeochemical provinces reveals a high correlation between the occurrence of cancer
and thyroid-gland diseases. It is also obvious that areas with the highest cancer-related
mortality also have a high incidence of Mo poisoning and manifestations of Co and
Cu deficiency.

Chromium

Small amounts of chromium have been found in the human body where it probably
plays an important biological role. Toxicology pays most attention to Cré*
compounds. A toxic dose for man is 200 mg per day and a lethal daily dose amounts
to 3 g. Cr is likely to have curative effects on atheroscerosis. This assumption is
supported by the fact that human tissues in areas with a low incidence or with virtual-
ly nonexistent atheroscerosis contain much more Cr than those in areas where this
disease is almost endemic. The inverse relationship between the incidence of diabetes
mellitus and Cr content is also known. The case is exemplified by research carried out
in 1970 in the Pima Indian reservation in Arizona where diabetes is considerably
widespread. Vegetable food grown in the reservation which accounts for a substantial
part of the local Indians’ diet is strongly deficient in Cr. Chromium’s most grave health
feature is that it causes cancer, though mostly only as an occupational disease. Cr
toxicity depends on its valence as is illustrated by the following example. The Cr
content in soil varies greatly from traces to 250 mg.kg'. The highest value of as much
as 5.23 % has been noted in Puerto Rico. The mostly trivalent Cr in this soil is taken
up by plants only in small amounts and therefore is highly unlikely to put human
health in danger even when farm products have been grown on this extremely contam-
inated soil.

Copper

Copper is an essential, but also potentially toxic element for man. Occupational
exposure is not important, but still personnel exposed to copper fumes or fine roasting
aerosols may develop metallic fever. A toxic level for man is 250 mg Cu per day. Cu
surely has a considerable effect on the contraction and development of blood-circula-
tion diseases. It is worth mentioning that most authors have noted a positive correla-
tion between the Cu concentration in the geochemical environment and mortalify
related to various blood-circulation diseases. In the 1970s, it was found out that North
American cities with a high atherosclerosis- and blood-pressure-related mortality were
supplied with drinking water containing more Cu than water for cities with a low
mortality. A similar relationship was noted in 95 US metropilitan areas between Cu in
water and coronary and heart diseases. However, the relationship in another medium
of the geochemical environment is just the reverse. For instance, districts in Georgia
with a high mortality related to cardiovascular diseases typically have soils with lower
Cu concentrations than districts with a lower mortality. For the time being, it is not
known whether cancer is contracted due to the deficiency or surplus of Cu. It has been
proved, however, that the deficiency or surplus of Cu in the organism is controlled, in
additon to internal factors, also by the presence of Ca, Mo, S a Pb in the geochemical
environment, e.g. Cu deficiency may result from the surplus of Ca and Pb in the
environment. Cu deficiency and/or limited availability of Cu for organisms may be
caused by the excessive use of nitrogen fertilizers. The surplus of Pb in organs
combined with Cu deficiency may result from the surplus of Ca, Mo, SO*, and
probably also Co. Three of the involved elements (Pb, Mo, Cu) are known or suspect-
ed carcinogens. Cu deficiency of children causes anaemia, whereas a high Cu concen-
tration in the environment is toxic.
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rakovinovych chorob je dosledkom deficitu alebo nadbytku Cu. Je viak dokdzané, Ze
o deficite alebo nadbytku Cu v organizme rozhoduje pritomnost Ca, Mo, S a Pb
v geochemickom prostredi (pochopitelne, okrem vntitornych faktorov), napr. deficit Cu
moZe byt vyvolany nadbytkom Ca a Pb v prostredi. Pricinou nedostatku Cu, resp.
nedostupnosti Cu pre organizmy moZe byt nadmerné pouZivanie dusikatych hnojiv. Na
druhej stane, nadbytok Pb v orgdnoch za sticasného deficitu Cu modZe byt vyvolany
nadbytkom Ca, Mo, SO * a zrejme aj Co. Ako je zndme, tri zo ziiCastnenych zloZiek su
preukdzatelnymi alebo predpokladanymi karcinogénmi (Pb, Mo, Cu). Deficit Cu
sposobuje anémiu u deti, vysokd koncentrdcia Cu v prostredi je pric¢inou rozlicnych Cu
toxikoz.

Fluor

Fluor je z hladiska ekotoxikolégie dost ojedinely prvok. V malom mnoZstve je pritomny
v tele Zivocichov i v tele rastlin. Zd4 sa v§ak, Ze pre samotny Zivot nie je nevyhnutny a je-
ho biologické, resp. biochemické ucinky su vyznamné. Chronickd otrava fluoridmi sa
nazyva fluoréza. Profesiondlna expozicia, ku ktorej dochddza predovsetkym pri spraco-
vani kryolitu na hlinik, vedie k rdznym poruchdm: Zalido¢né poruchy, osteoskleréza,
utlm krvotvorby v kostnej dreni a porusenie zubnej skloviny. Neprofesiondlne vznikd dI-
hodobym pouZivanim pitnej vody, ktord obsahuje viac ako 1,5 mg.l"' F (STN 757111
uddva limit pre F-1,5 mg.I'"), alebo tam, kde su loZiskd kryolitu. V literature sa uddva
jeho toxickd urovei pre ¢loveka na 20 mg.deii™!, letdlna ddvka na 2 g.dei.

Vplyv r6zneho obsahu fluoridov v pitnej vode na zdravie udédva nasledujuci prehlad:

Koncentracia

fluoridu mg.I"! ~ Vplyv na zdravie

0 obmedzeny rast a plodnost

0-0,5 zubny kaz

05-1,5 podporuje zdravé zuby

1,5-40 zubnd fluoréza (Skvrnitost zubov)

4,0-10,0 zubnd fluoréza, fluoréza kosti (bolesti chrbtice a krénych stavcov)
> 10,0 fluoréza sposobujica ochromenie

Pri nizkej koncentrdcii pod 0,5 mg.I"! celkového F teda vznikd zubny kaz (karies), kym
pri vysSej koncentrdcii chronickej expozicie vznikd zubnd fluoréza (okolo 2 mg.I-!) ale-
bo fluoréza kosti (okolo 4 mg.1™"). Vysokd koncentrdcia F v pitnej vode sa ddva do stivi-
su i s rakovinou (pozri Marshall, 1990). Na zaciatku 50. rokov v USA a v Eurépe sa
priddval F do zubnej pasty a fluoridovali sa verejné vodné zdroje do koncentrdcie oko-
lo 1 mg.I"!, ¢o zniZilo vyskyt zubného kazu viac ako o 50 %. Primdrny vyskyt fluoridov
je vSeobecne viazany s vulkanickou aktivitou (vysoky obsah najmi vo vulkanickych
skldch), geotermdlnymi fluidami a granitoidnymi horninami. Termdlne vody s vysokym
pH majui obycajne vysoku koncentréciu fluéru. Prikladov spojitosti obsahu F v pitnej
vode a zubnych chordob mozno uviest pomerne dost. Napriklad v Rumunsku v oblas-
tiach s vodami obsahujicimi 0,07-0,455 mg.l"' F- boli zubné kazy zaznamenané
u 45-47 % $koldkov, v izemiach s vodami obsahujicimi 0,411-0,998 mg.I"! F~ bol vyskyt
zubného kazu len u 9-15 % deti. V mnohych rozvojovych krajindch bola vysokd koncen-
trdcia F opisand v spojent s riftovymi zénami, vulkanickymi horninami a granitoidnymi
(chudobnymi na Ca) podloZznymi horninami. Vyskyty zubnej a kostnej fluorézy
v oblastiach vychodnej a juZnej Afriky su viazané na region vulkanitov vychodného
afrického riftu. Fluoréza v severnej Tanzdnii je sposobend pouzivanim vysoko fluorova-
nej vody (s viac ako 10 mg.I"! F-) a pouZivanim tzv. ,magadi* ako soli (inkrustdcia Na-
-hydrogénuhlicitanu, ktory obsahuje okolo 1 000 mg.kg™ fluoridu). Vo fosfdtonosnych
oblastiach severnej Afriky (Maroko, AlZir) je ¢asto indikovany gigantizmus alebo naniz-
mus zubov, modifikdcie kostry atd. Epidemiologicky vyskum osteopordzy sa realizoval
v Severnej Dakote v dvoch oblastiach charakterizovanych réznym obsahom F v pitnych
voddch. Zistilo sa, Ze vyskyt zniZenej hustoty kosti je vyssi v oblasti s nizkym obsahom
F v pitnych voddch, a to u oboch pohlavi. Pokial ide o kardiovaskuldrne choroby,
epidemiologickym vyskumom urobenym v Texase v oblastiach s nizkym a vysokym ob-
sahom F v prostredi sa zistila vyznamnd diferencia — niZSia dmrtnost na srdcové zd-
chvaty v oblasti s vysokym obsahom F v prostredi. Podobnd negativna koreldcia medzi
koncentréciou F vo voddch a imrtnostou na choroby krvného obehu sa zistila v Anglic-
ku.

Zelezo

Zelezo je biologicky zna¢ne vyznamny prvok. Z toxikologického aspektu vsak pre svoju
malu toxicitu nezaujima také miesto, ktoré by bolo adekvdtne jeho vyznamu. Z dovodu
nizkej toxicity Fe medicinsko-geochemické $tuidie st zamerané najmé na sledovanie je-
ho deficitu v prostredi. Tak je to napriklad na Floride, kde v tizemiach s podami chudob-
nymi na Fe boli zaznamenané pocetné pripady anémie miestnych obyvatelov. Aj rastliny
pestované na takychto podach maju velky deficit Zeleza. Denny prijem Fe predstavuje
u obyvatelov sidliacich v tychto lokalitdch 1,2 mg (na porovnanie denny prijem obyva-
telov Zijucich na podach bohatych na Fe je 16,0 mg). Zaujimavé je aj zistenie z experi-
mentdlnych ddajov, Ze rakovinové ochorenia st sprevddzané zniZenim obsahu Fe
v jednotlivych orgdnoch postihnutého organizmu.

Galium
Gdlium a jeho zldceniny su relativne eSte mdlo toxické. Ako stopovy prvok v podzem-
nych voddch vo vztahu k Tudskému zdraviu a ochrane zivotn¢ho prostredia je klasifiko-
vany ako neesencidlny. Udaje o obsahu Ga relevantné pre medicinsku geochémiu nie su
zname.

Ortut
7 dostupnych biochemickych tdajov je zndme, Ze toxicky ucinok Hg a jej zlicenin je
prevazne dany reakciou Hg iénu s SH-skupinami biomolekul a ndslednou zmenou

Fluorine

From an ecotoxicological point of view, fluorine is a rather exceptional element. Small
amounts of F occur in animal and plant bodies. It seems that it is not essential for life,
although its biological and biochemical effects are considerable. Chronic fluoride
poisoning is referred to as fluorosis. Occupational exposure, largely cryolite process-
ing for aluminium production, leads to various disorders: stomach disorders,
osteosclerosis, inhibited blood production in bone marrow and defects in tooth
enamel. Nonoccupational disorders develop due to prolonged drinking of water
containing over 1.5 mg.I"' F (Slovak technical standard no. 757111 determines the
maximum F limit of 5 mg.I'") or in the vicinity of cryolite deposits. A published toxicity
dose for humans is 20 mg F per day, and a lethal dose is 2 g per day. Health impacts
of various fluoride contents in drinking water are given below:

Fluoride

concentration

in mg.l! Health effects

0 limited growth and fertility

0-0.5 dental caries

05-1.5 supports healthy teeth

1.5-4.0 dental fluorosis (stained teeth)

40-100 dental fluorosis, bone fluorosis
(painful backbone and neck vertebrae)

> 10.0 fluorosis causing paralysis

Low concentrations below 0.5 mg.l' of total F are responsible for dental caries,
whereas chronic exposure to higher concentrations gives rise to dental fluorosis (about
2 mg.l") or bone fluorosis (about 4 mg.I"). High F concentrations in drinking water
are associated also with cancer (see Marshall 1990). In the beginning of the 1950s,
approximately 1 mgl' F was added into toothpastes and into water from public
sources and consequently the incidence of dental caries declined by 50 %. The primary
occurrence of fluorides is generally associated with volcanic activity (high contents,
notably in volcanic glass), hot-spring waters and granitoid rocks. Hot springs with a
high pH are usually rich in fluorine. There is ample evidence about the association
between the F content in drinking water and dental diseases. For instance, in Romania
in areas with waters containing between 0.07 and 0.455 mg.I'' F dental caries affected
45 - 47 % schoolchildren, while in areas where waters contain 0.411 to 0.998 mg.I"! the
incidence was a mere 9 -15 % schoolchildren. High F concentrations associated with
rift zones, volcanic rocks and granitoid low-Ca basement, have been noted in many
developing countries. The occurrences of dental and bone flourosis in eastern and
southern Africa are associated with volcanics of the East African rift. Flurosis in
northern Tanzania is caused by highly-fluoridated water (over 10 mg.I'' F) and the use
of so called magada instead of rock salt (Na-hydrogencarbonate incrustation contain-
ing about 1000 mg.kg! of fluoride). Tooth gigantism or nanism, skeleton modifica-
tions, etc. are widespread in phosphate-bearing areas of northern Africa (Morocco,
Algeria). An epidemiological research of osteoporosis carried out in North Dakota in
two areas with different F contents in drinking water found out that lowered bone
density of men and women alike was more widespread in the area with a low F content
in drinking water. As for cardiovascular diseases, an epidemiological research in Texas
in areas with low or high F contents, respectively, revealed that areas with high F
contents in the environment had lower mortality due to heart attack. A similar negative
correlation between the concentration of F in water and mortality due to blood-circula-
tion diseases was identified in England.

Iron

Iron is a biologically highly essential element. From a toxicologic point of view, thanks
to its low toxicity, only inadequate attention has been paid to it. Owing to the low
toxicity of Fe, medicine-geochemical studies focus mainly on its deficit in the environ-
ment. For eample, anaemia is widespread in Florida in areas with low-iron soils. Plants
cultivated in such areas also have a high iron deficiency. Daily intake of residents of
these low-iron areas is a mere 1.2 mg Fe compared to a 16.0-mg Fe intake of residents
of areas with iron-rich soils. It is worth mentioning that cancer is accompanied by
declining Fe contents in respective organs.

Gallium

Gallium and its compounds are relatively little toxic. As a trace element in ground
waters it is considered nonessential for human health and environmental protection.
No data on Ga contents relevant for medicine geochemistry are available.

Mercury

Available biochemical data indicate that the toxic effects of Hg and its compounds are
caused primarily by the reaction of a Hg ion with SH- groups of biomolecules and by
a consequent change in the permeability of cell membranes and hurt intracellular
enzymes. The toxicity has three levels depending on the chemical form of mercury and
descends in the following order: Hg alkyls (mainly CH,Hg*)> fumes of metallic
mercury >Hg?*, salts and phenyl and metoxi Hg-salts. A toxic dose for man is 0.4 mg
Hg a day and a lethal daily dose amounts to 150 - 300 mg Hg. Acute exposure affects
mainly lungs, whereas chronic mainly one brain.

Hg is released into the environment as fumes of metallic Hg or as volatile organic
compounds (Hg alkyl compounds) or as fairly soluble inorganic Hg compounds.
Mining releases into the environment 8.4 x 10° g Hg a year. Dust in mine workings in
Hg-rich rocks contains up to 5 mg/m?*. Hg in uncontaminated soils originated from the
weathering of parent rocks or degassing and thermal activity around mineralized and
volcanic areas.



permeability bunkovych membrdn a poskodenim vnttrobunkovych enzymov. Toxicita
sa prejavuje v troch drovniach v zdvislosti od chemickej formy prvku a klesd v nasledu-
juicom poradi: alkyly Hg (najmd CH,;Hg*) > pary kovovej ortuti > Hg** soli a fenyl
a metoxi Hg soli. Toxickd troveri pre ¢loveka je 0,4 mg.deri”!, 150-300 mg.defi!
predstavuje letdlnu ddvku. Pri akitnej expozicii su kritickym orgdnom plica, pri
chronickej mozog.

Do Zivotného prostredia moZze Hg vstupovat vo forme pdr kovovej Hg alebo po
transformdcii na prchavé organické zliceniny (alkyl zliceniny Hg) ¢i lepSie rozpustné
anorganické zliceniny Hg. Banskou cinnosfou sa do prostredia dostdva rocne
8,4.10°g Hg. Pri fazbe hornin bohatych na Hg dosahuje koncentrécia v banskom pra-
chu az 5 mg/m? vzduchu. Hg v neznecistenych podach vznikd zo zvetrdvania ma-
terskych hornin alebo z odplynenia a termdlnej aktivity zvyCajne okolo zrudnenych
a vulkanickych oblasti.

V oblastiach so zvy§enym obsahom Hg v geochemickom prostredi su znacne rozsirené
choroby $titnej Zlazy, a to aj v tych pripadoch, ak je koncentrdcia jodu v prostredi do-
stato¢nd, dokonca nadbyto¢nd. Pricinou endémie nie je teda deficit jédu, ale blokova-
nie jodu ortufou. Tento pripad bol opisany z oblasti Hg zrudnenia Aktas
v Gornoaltajskej autonomnej oblasti byvalého ZSSR. Je moZné, Ze podobnd zdvislost
medzi koncentrdciou Hg a I v prostredi a roz§irenim strumy existuje aj na vychodnom
Slovensku. V Japonsku boli v roku 1950 zaznamenané dva pripady (Minamata a Nii-
gata), ked viac nez 168 osdb ochorelo a 52 zomrelo na ndsledky poZzitia ryb zamorenych
Hg. MoZno povedat, Ze k poskodeniu ludského zdravia ortutou dochddza najma cestou
industridlnej kontamindcie Zivotného prostredia. Priamy geochemicky vplyv moze byt
asociovany so selénovym antagonistickym mechanizmom.

Draslik

Tetno prvok je prakticky netoxicky. Dospely ¢lovek obsahuje priblizne 145 g K, z ¢oho
viac ako 90 % je viazanych vnitrobunkovo. PretoZe K sa zistil vo vacSine potravy
ZivociSneho a rastlinného povodu, jeho deficit je velmi zriedkavy. Pre vSetky organiz-
my je esencidlnym prvkom. Nie je zndmy vztah medzi geochemickou distribticiou
K, resp. jeho biopristupnostou a Iudskym zdravim, okrem jeho moZného ochranného
vplyvu na hypertenziu vyvolanud sodikom. V literatuire sa uvadza aj niekolko pripadov
deficitu draslika v [udskom tele (hypokalaémia) v spojeni s ingesciou velkého mnoZstva
pddy (uzivanie pody — geofdgia). Pri vyskume vztahov niektorych zloZiek pitnych vod
k ndhlym tmrtiam v Severnej Karoline, kde sa niektoré okresy vyznacuju znacne vyso-
kou umrtnostou na aterosklerézu, sa zistilo, Ze tieto timrtia sa na celkovej Umrtnosti na
tito chorobu podielaju 54,1 %. Ndhle umrtia na aterosklerézu vykazujui pozitivnu
koreldciu s koncentrdciou K v pitnych voddch. Predpokladalo sa, Ze vysokd koncentra-
cia K vo voddch modZe byt ukazovatelom pritomnosti niektorych stopovych prvkov
s toxickym potencidlom, a teda pozitivna koreldcia zistend medzi jeho koncentrdciou vo
vode a ndhlymi dmrtiami ukazuje na mozZnost intoxifikdcie stopovymi prvkami. Draslik
sa pokladal za ukazovatela pritomnosti a koncentracie Li, Cd, Zn a NO, vo voddch. Po-
zoruhodné je, Ze v Severnej Karoline vysokd koncentrécia K v pitnych voddch stihlasi
s oblastami vyskytu mocarin a raselinisk, t. j. vSeobecne so zle odvodiiovanymi oblasta-
mi.

Litium

Celkovy ucinok litneho i6nu, t. j. titlmu centrdlneho nervstva, sa vyuziva aj lie¢ebne. To-
xicky moZe byt vo velkych ddvkach. Toxickd droveti sa uddva na 200 mg.deii™'. Li v nad-
bytku sa nachddza v podach odvodenych priamo z vyvretych hornin bohatych na
Fe-Mg minerdly a v podach na sedimentdrnych hornindch bohatych na ilové minerdly
a sludy. Zistilo sa, Ze denny prijem Li pitnou vodou prevySuje prijem potravou. V tejto
suvislosti je vyznamné, Ze spojitost medzi deficitom Li v pitnych voddch velkych
americkych miest a stupiiom tmrtnosti na aterosklerézu potvrdili viaceri autori. Ukd-
zalo sa, Ze koncentrdcia Li v pitnych voddch 25 severoamerickych miest s vysokym stup-
fom dmrtnosti je vyznamne niZSia neZ v pitnych voddch 25 miest vyznacujicich sa
nizkou tmrtnostou. Vyslovila sa domnienka, Ze Li mdZe mat pre ludsky organizmus
,ochranné® vlastnosti v takych ddvkach, ktoré zodpovedaji mnoZstvu Li prijimaného
predchodcami ¢loveka z morskej vody. Uroveii obsahu Li v pitnych voddch severo-
americkych miest vyznacujucich sa najnizSou imrtnostou na aterosklerézu sa totiz
bliZi ku koncentrdcii tohto prvku v morskej vode. Poukdzalo sa aj na nutnost pri sledo-
vani spojitosti medzi charakterom pitnych vod a imrtnostou na aterosklerézu venovat
pozornost deficitu Li. V juhozdpadnej Casti kutnohorského okresu bol v jednej obci
zaznamenany pozoruhodne vysoky pocet pripadov svalového ochorenia myasténie
(choroba svalov prejavujica sa nadmernou tinavou). V susednej obci bol zaznamenany
len jeden diagnosticky nevyjasneny pripad tejto choroby. Pri¢iny choroby nie st zndme,
najcastejsie sa uvazovalo o virusovom povode. V roku 1976 sa realizoval vyskum
chemického zloZenia pitnych vod pouZivanych obyvatelmi oboch osdd. Pitné vody po-
uZivané obyvatelmi osady s vysokym vyskytom myasténie sa od pitnych vod pouZi-
vanych v nepostihnutej oblasti okrem inych parametrov Ii$ili nizSou koncentrdciou Li
a vy$8imi hodnotami pomeru K/Li.

Horc¢ik

Hortik je biogénny prvok nevyhnutny pre Zivot. Z toho potom vyplyva aj vysokd hod-
nota letdlnej davky, napr. pri MgCl, je pre potkana LD, az 2 800 mg.kg". Drobné
poranenia sposobené Mg maju sklon k tazkym zapalom, prach posobi drdzdivo na sliz-
nicu. Vztah geochemickej distribicie Mg v pitnych voddch k dmrtnosti na kardio-
vaskuldrne choroby je rovnaky ako v pripade vdpnika. Je niekolko dokazov, Ze
geochemickd dostupnost Mg moZe priamo vplyvat na jeho obsahovu troveri v [udskych
tkanivdch. To priamo podporuje predpoklad, Ze geochémia Mg modZe mat vztah k cho-
robdm ludi. Jeho deficit sa spdja s patogenézou rakoviny a tdto skuto¢nost bola doka-
zand experimentdlne na zvieratdch i epidemiologicky u cloveka. Uz vyskumy
v tridsiatych rokoch poukazovali na fakt, Ze pri¢inou nadmerného rozsirenia rakoviny je
nedostatok Mg v geochemickom prostredi. Napriklad vo Franctzsku vsetky oblasti

In areas with increased levels of Hg in the geochemical environment, thyroid gland
diseases are widespread even if iodine concentration in the environment is adequate
or excessive. The endemic disease is caused by the presence of mercury rather than by
iodine deficiency. Such a case has been described in the Aktaa area with Hg mineral-
ization in the Gorno-Altay autonomous area of the former USSR. A similar relation-
ship between Hg and I concentrations in the environment and thyroiditis incidence
may exist in eastern Slovakia as well. In 1950, in two separate occasions (Minimata
and Niigata), more than 168 people fell ill and 52 died after consuming Hg-poisoned
fish. Hg geochemistry in relation to human health is controlled by industrial pollution.
A direct geochemical effect may be associated with a selenium antagonistic
mechanism.

Potassium

Potassium is virtually nontoxic. An adult man contains approximately 145 g K, of
which more than 90 % is bound inside cells. Its deficiency is very rare, as K is present
in most food of both animal and vegetable origin. It is an essential element for all
organisms. No relation between the geochemical distribution of K and/or its bioacce-
sibility and human health has been noted, except for its possible inhibition of hyperten-
sion caused by sodium. Several cases were published of potassium deficiency in
human body (hypokalaemia) as a result of the ingestion of a large amount of soil
(geophagia). A research of the association between some substances in drinking water
and sudden deaths in North Carolina, where some counties have a high atheroscero-
sis-related mortality, revealed that sudden deaths accounted for as much as 54.1 % of
the total atheroscerosis deaths. Sudden atherosclerosis-related deaths display a
positive correlation with K concentrations in drinking water. It was assumed that the
high K concentrations in water may indicate the occurrence of some potentially toxic
trace elements and therefore the positive correlation between the K concentrations in
water and sudden deaths suggested poisoning with trace elements. K presumably
indicated the presence and concentrations of Li, Cd, Zn and NO, in water.
Interestingly, the high K concentrations in water in North Carolina are not associated
with wetlands and peatbogs, i. e. generally poorly drained areas.

Lithium

The overall capacity of a lithium ion to attenuate the central nervous system is used in
medicine. Large amounts of Li may be toxic. A toxic daily dose is 200 mg Li. Excessive
amounts of Li occur in soils irrigated with water coming directly from igneous rocks
rich in Fe-Mg minerals and in soils underlain by sedimentary rocks rich in clay
minerals and micas. Man’s daily intake of Li in water does not exceed that in food.
Several authors confirmed the association between the Li deficiency in drinking water
supplied to big American cities and atherosclerosis deaths. It turned out that the Li
concentration in drinking water of 25 North American cities with a high mortality rate
was much lower than that in 25 cities with a low mortality rate. It was concluded that
Li ingested in the same amounts as was consumed by the ancestors of man from
seawater may protect human health. The assumption was based on the fact that the Li
level in drinking water of the North American cities with the lowest atherosclerosis-
related mortality is close to the Li concentration in seawater. It was concluded that the
research of the association between drinking-water character and atherosclerosis-
related deaths should pay attention also to Li deficiency. A village in the NW-part of
the Kutnd hora district had a high incidence of the muscle disease myasthemia
(abnormal weakness of muscles). In a neighbouring village there was only one man
suffering from this disease of unclear diagnosis. The cause of this disease is unknown,
but most speculations focused on viral origin. In 1976, the chemical composition of
drinking water used by the residents of both villages was analysed. One of the differ-
ences identified was that the water in the village with a high myasthemia incidence had
a lower Li concentration and a higher K/Li ratio.

Magnesium

Magnesium is a biogenic element essential for life. Consequently, its lethal doses are
high, e.g. that for the rat LD is as high as 2800 mg kg MgCl,. Minor injuries caused
by Mg tend to develop serious inflammations, whereas Mg dust irritates mucous
membranes. The relationship between the Mg geochemical distribution in drinking
water and deaths from cardiocascular diseases is the same as that of calcium. Several
pieces of evidence indicate that the geochemical availability of Mg may directly
influence its content in human tissues. This supports the assumption that Mg geochem-
istry may have some relationship with human diseases. Mg deficiency is associated with
cancer pathogenesis as was experimantally proved on animals and epidemiologically
also on humans. As early as the 1930s, researches suggested that an excessive incidence
of cancer is caused by the Mg deficiency in the geochemical environment. For example,
all areas with low-Mg soils are characterized by a much higher cancer-related mortali-
ty rate than areas with soils richer in Mg. In an area west of the Vosges Mts. where soils
are rich in Mg, mortality due to cancer was only a half of the mortality in areas with
low-Mg soils east of the Vosges. Similar results confirming magnesium’s anticarcino-
genic effects were ascertained in Italy, Egypt and in the former USSR. It seems that the
protective capacity of Mg (both direct and indirect) has been proved beyond doubt.
Magnesium has recently been found to be an element of life.

Manganese

Manganese is essential for the biological functions of the human body. Mn toxicity
depends on the valency of its compounds, the least toxic being Mn?* salts. Chemical
poisoning occurs only as occupational exposure. It attacks the central nervous system.
Some data suggest that Mn plays an important role in atherosclerosis. Most workers
have noted a negative correlation between the Mn concentration in the environment
and deaths from diseases of the blood-circulation system. For example, districts in
Georgia with a high mortality rate typically have lower Mn contents in soil and plants
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s podami chudobnymi na Mg st charakterizované podstatne vy$$ou imrtnostou na ra-
kovinu neZ dzemia s podami bohatymi na Mg. V oblasti zdpadne od Vogéz, kde sa
vyskytuji pody bohaté na Mg, bola imrtnost na tiito chorobu o polovicu nizsia nez
v oblasti vychodne odtial, teda v izem{ charakterizovanom pddami chudobnymi na Mg.
Podobné vysledky tykajtice sa ,antikarcinogénneho® pdsobenia Mg v geochemickom
prostredi sa ziskali v Taliansku, Egypte a byvalom ZSSR. Zd4 sa, Ze o ochrannom po-
sobeni Mg (priamom ¢i nepriamom) v prostredi nemoZno pochybovat. Hor¢ik sa naj-
novsie pokladd za ,,prvok Zivota“.

Mangén

Mangén je nevyhnutny na chod biologickych funkcii v fudskom organizme. Toxicita je
zdvisld od mocenstva Mn zli¢enin. Najmenej toxické su soli Mn?+. Chemické otravy sa
vyskytli len v dosledku profesijnej expozicie s poskodenim centrdlneho nervového systé-
mu. Niektoré tidaje naznacuju, Ze vyznamnu dlohu pri ateroskler6ze md aj Mn. VACSi-
na autorov zaznamenala negativnu zdvislost medzi koncentrdciou Mn v prostredi
a Umrtnostou na choroby krvného obehu. Napriklad v Georgii st okresy s vysokym in-
dexom umrtnosti charakteristické podami a vegetdciou s niZ§im obsahom Mn neZ ok-
resy s nizkou umrtnostou. Zaujimava je aj nizka koreldcia medzi koncentraciou Mn
v atmosfére a timrtnostou na tieto choroby, opisand v USA. Nadbytok Mn v prostredi
byva pricinou traslavosti koncatin a nedoslychavosti, sprievodnym javom je apatia
a halucindcie.

Molybdén

Molybdén je nevyhnutny stopovy prvok v Tudskom tele. Intoxikdcia Mo sa u ¢loveka
pozorovala zriedka (napr. u banikov a hutnikov v byvalom ZSSR profesijnou expoziciou
— poskodenie CNS). Prijem Mo z pitnej vody a ovzdusia (okrem banskych oblasti) je
zanedbatelny. Ochranny tc¢inok Mo na zubny kaz prvykrdt opisali v Madarsku a na No-
vom Z¢lande. V dalSich epidemiologickych $tididch sa dokdzalo, Ze deti Zijuice v Anglic-
ku v oblasti s vysokou prirodzenou hladinou Mo v pode maji vyrazne niZSiu
chorobnost na zubné kazy. Obdobné ndlezy sa pozorovali v Kolumbii, Novej Guinei
a JuZnej Afrike. Vysoky obsah Mo v slabo odvodiiovanych pddach (pH viac ako
6,5), ktorych materskymi horninami boli molybdénovonosné bridlice (resp. stvisiace
s lokdlnym zrudnenim), sposobuje vyZivovacie choroby domdceho preziivavého dobyt-
ka. PovaZzujui sa za typicki geochemickd a pddnu ¢&rtu spojend s tymto prvkom.
V Sestdesiatych rokoch sa pozorovala vysokd chorobnost na dnu v ohrani¢enej oblasti
Arménska, kde pdda obsahuje 77 mg.kg™' Mo. Podobne aj polnohospodarske produk-
ty a pitnd voda mali vysoky obsah Mo. Potom cely denny prijem Mo dospelého ¢love-
ka v tejto oblasti bol 10-15 mg oproti kontrolnej oblasti s 1-2 mg. Niektori autori
povazuji Mo za karcinogén. Vzhladom na chemickd povahu metabolizmu a nizku
toxicitu molybdén nepredstavuje vysoké riziko pre populdciu.

Sodik

I6ny sodika su prakticky netoxické. Koncentrdcia Na v pitnych voddch sa dédva do stivi-
su s kardiovaskuldrnymi chorobami. Dokonca bolo publikované zaujimavé zistenie, Ze
jeho koncentrdcia md rovnako tesny vztah k timrtnosti na kardiovaskuldrne choroby ako
koncentrdcia Ca alebo Mg. Treba podotknuit, Ze tdto zdvislost je naozaj problematickd,
pretoZe laboratdrne a klinické poznatky ukazujui na nepriaznivy vplyv tohto prvku na
hypertenziu a srdcové zlyhanie. Zrejme tu ide o ,interkoreldciu®, pretoze Ca, Mg a Na
reprezentuju hlavnu Cast rozpustenych minerdlnych ldtok vo vode. Geochemické fakto-
ry v8ak pri vysokom tlaku (hypertenzia) hrajui zrejme v patogenéze podradnu tlohu,
pretoZe NaCl ako pridavok do jedla je zndmy uz od ddvnych ¢ias. Niektoré druhy divej
zveri si deficit Na vyrovndvaji poZieranim pod bohatych na tento prvok. Napriklad
v pripade jeleiia v Colorade sa stanovila ddvka medzi 8 aZ 30 g pody denne.

Nikel

Ndzory na esencialitu a biogénnost niklu sa roznia. Z toxikologického hladiska je
vyznamnd jeho karcinogenita (napr. tetrakarbonyl Ni, sirniky Ni) a moZno predpo-
kladat, Ze jeho zIli¢eniny nesu urcité riziko genotoxicity. V suvislosti s karcinogenitou Ni
moZno uviest zaujimavy predpoklad vo vztahu k azbestu. U¢inok azbestu je prakticky
vSeobecne prisudzovany mechanickej iritdcii. Zhubné nddory vyvolané azbestom sa hoj-
ne vyskytuju nielen u banikov taZiacich azbest a dalSich profesii pracujucich s nim, ale
aj u obyvatelov sidlisk v blizkosti zdvodov spractivajtcich tuito surovinu. PovaZuje sa to
za iritujuci U¢inok azbestovych vldken pritomnych vo vzduchu. Karcinogénnost roznych
druhov azbestu je rozna. Krokydolit taZzeny v JuZnej Afrike je v tomto smere Ucinnejsi
neZ chryzotyl taZzeny v Quebecu. Niektori autori pokladaju za pravdepodobnejsie, Ze ra-
kovinu o0s6b prichddzajucich do styku s azbestom vyvoldva skor pritomnost Cr a Ni
v lom, neZ mechanické drdZzdenie. Niektoré azbesty totiz obsahuji Cr a Ni v mnoZstve
aZ do 0,1%, teda azbest hrd v procese karcinogenézy urcitu pasivnu tlohu ako nosi¢. Po-
kial ide o dalSie choroby, mozZno poznamenat, Ze v tizemiach s vysokym fénom Ni v po-
dach a voddch st ¢astym javom o¢né choroby a ekzémy.

Fosfor

Fosfaty su relativne neSkodné. Vysoko toxickd pre cicavce a ryby je vSak biela modifikd-
cia a fosfan PH;. Dospely ¢lovek obsahuje priemerne okolo 650 g P, z ktor¢ho 80 % je
kombinovanych s vapnikom v kostiach. Hoci sa predpokladd mald priama zdvislost me-
dzi geochemickou distribuciou P a ludskym zdravim, moZno uviest nieckolko poznatkov.
Napriklad Tadvinové kamene su zloZené z Ca oxaldtu alebo Ca oxaldtu zmieSaného
s Ca fosfdatom. Vysokd chorobnost na oblickovti litidzu (pritomnost kamienkov) je znd-
ma v niektorych oblastiach s prevazne mikkou vodou (napr. Coastal Plain na juhovy-
chode USA). V troch najvicsich mestdch Svédska (Malmo, Stokholm a Goteborg) sa
pokuisili ndjst spojitost medzi imrtnostou na aterosklerotické srdcové choroby, ako aj
iné degenerativne srdcové choroby a koncentrdciou Ca, Na, K, P a stopovych prvkov
v povodnych a upravenych pitnych voddch. Pokial i§lo o obsah P, zistila sa pozitivna zd-

than districts with a low mortality. A low correlation between the Mn concentration in
the atmosphere and mortality due to these diseases in the USA is noteworthy as well.
Excessive Mn levels in the environment cause limb trembling, hearing defects
accompanied with apathy and hallucinations.

Molybdenium

Molybdenium is an essential trace element in the human body. Mo poisoning of
humans is rare (e.g. exposure to Mo hurts the central nervous system of miners and
smelters in the former USSR). Mo intake from drinking water and the atmosphere is
negligible except in mining areas. Molybdenium's role in dental caries prevention has
been first described in Hungary and New Zealand. Further epidemiologic studies have
proved that children living in England in an area with a high natural level of Mo in soil
have more dental caries than children elsewhere. Similar observations have been made
also in Colombia, New Guinea and South Africa. High Mo concentrations in poorly
drained soils (pH above 6.5) whose parent rocks were Mo-bearing shales (or located
close to a minor occurrence of Mo mineralization) cause nutrition diseases of
domestic ruminant cattle. These diseases are regarded as a typical geochemical feature
of Mo. In the 1960s, a high incidence of gout was noted in part of Armenia where soil
contains as much as 77 mg.kg' Mo. Likewise, farm products and drinking water also
had high Mo contents. The total daily intake of an adult in this area was 10 - 15 mg
Mo in comparison with a mere 1 - 2 mg in another surveyed area. Some workers
consider Mo as a carcinogen. Given its low toxicity and the chemical character of
metabolism, molybdenium does not pose great hazards for man.

Sodium

Sodium ions are virtually nontoxic. Na concentrations in drinking water are associat-
ed with cardiovascular diseases. It has even been found out that Na concentration has
the equally close relationship to deaths from cardiovascular diseases as Ca or Mg
concentrations have. This relationship is really problematic because laboratory and
clinical observations indicate the adverse effect of this element on hypertension and
heart failure. An intercorrelation should probably be applied as Ca, Mg and Na make
up the bulk of mineral substance dissolved in water. Geochemical factors, however,
presumably play an insignificant role in hypertension pathology as NaCl has been
added to food from times immemorial. Some wild animals compensate Na deficiency
by eating soils rich in this element. For instance, the stag in Colorado eats between 8
and 30 g of soil a day.

Nickel

Views differ on nickel's biogenic role and on whether or not it is essential for human
health. From a toxicological viewpoint, Ni is a carcinogen (e.g. Ni tetracarbonyl, Ni
sulphides) and its compounds may be genotoxic. As for the carcinogenic properties of
Ni, there is an interesting comparison with asbestos. The harmful effects of asbestos
are almost always considered as a result of a mechanic irritation. Malignant tumours
caused by asbestos commonly affect not only asbestos miners and other personnel
working with it, but also residents living in the vicinity of plants processing asbestos.
Asbestos-related diseases are caused by the irritating effect of asbestos fibres floating
in the air. The carcinogenic impacts differ from one kind of asbestos to another, South
African crocidolite being more harmful than chrysotile from Quebeck. Some authors
assume that cancer of persons exposed to asbestos is actually caused by Cr and Ni
rather than by mechanical irritation. Some varieties of asbestos contain up to 0.1 % Cr
and Ni, and therefore their carcinogenic role is only passive as a carrier of carcinogens.
As for further diseases, eye diseases and eczemas are widespread in areas with high Ni
background values in soils and water

Phosphorus

Phosphates are fairly harmless. The white variety and phosphane PH,, however, are
highly toxic for mammals and fish. An adult man contains on average about 650 g P,
80 % of which is combined with calcium in bones. The direct relationship between the
geochemical distribution of P and human health is presuambly low, but still some
examples can be given. For instance, kidney stones are composed of Ca-oxalate or Ca-
oxalate mixed with Ca-phosphate. A high incidence of kidney lithiasis (kidney stones)
occurs in some areas dominated by soft water (e. g. Coastal Plain in the southeastern
USA). In Sweden's three biggest cities (Malmo, Stockholm, Géteborg), an attempt
was made to find a relationship between Ca, Na, K, P and trace-element concentra-
tions in natural and treated drinking waters and deaths related to atheroscerotic heart
diseases and other degenerative heart diseases. A positive correlation was found beteen
the P contents in treated drinking water and mortality of men aged 45 - 74 years due
to the former diseases. Another example of interaction is the so called Kashin-Beck
disease. It is endemic osteoarthropathy (precisely unidentified disease of joints and
bones) which occurs in eastern Siberia and in some areas it is supposedly caused by
Se deficiency. Recent researches, however, have revealed that Se deficiency is just one
out of several causes. High concentrations of phosphates and Mn have been found in
soil and drinking water in the endemic areas in eastern Siberia. The indirect effects of
P on human health may also be significant as is suggested by its geochemical
behaviour in soil similar to that of arsenic.

Lead

From a toxicologic point of view, lead has been studied relatively thoroughly. Most
important are the chronic effects on personnel exposed to this element in numerous
occupations (battery production, smelting, printing industry). The toxic effects of Pb
have not been determined quite unambiguously as they give rise to a number of
pathological processes and disorders. Pb affects metabolism, immunologic processes
and, to a considerable extent, also blood formation. It has an adverse impact on the
function of kidneys and nervous system. An important poisonous form of lead is its



vislost medzi jeho koncentrdciou v upravenych pitnych voddch a imrtnostou na prvé
spominané choroby u muzov vo veku 45-74 rokov. Iny priklad interakcie je tzv. Kashi-
nova-Beckova choroba, ¢o je endemickd osteoartropatia (bliZSie neurené ochorenie
kibov a kosti), ktord sa vyskytuje vo vychodnej Sibiri a niektorych castiach Ciny
a pripisuje sa deficitu Se. Ako sa najnovsie zistilo, tento deficit je len jednym z pricin-
nych faktorov. V endemickych oblastiach vychodnej Sibiri sa zistil eSte vysoky obsah
fosfatov a Mn v pode a pitnej vode. V¥znamny mdZe vSak byt aj nepriamy vplyv P na
ludské zdravie, ako to napr. moZe vyplyvat z jeho podobného geochemického spravania
s As v podach.

Olovo

Olovo patri medzi toxikologicky pomerne dobre preskimané prvky. Najvyznamnejsie su
predovsetkym chronické ticinky, ktoré sa vyskytuji pri moZnych kontaktoch s touto ldt-
kou v celom rade profesii (vyroba akumuldtorov, hutnictvo, polygraficky priemysel
atd.). Toxicky ucinok Pb nie je celkom jednoznacny a prejavuje sa celym radom patolo-
gickych procesov a portch. Zasahuje do metabolizmu, imunologickych procesov
a vyrazne ovplyviiuje krvotvorbu. Nepriaznivo ovplyviiuje aj funkciu ladvin a postihuje
nervovy systém. DdleZitou formou olova, ktord moZe byt pric¢inou intoxikdcie, je jeho
organickd zlicenina tetraetylolovo, priddvand ako antidetondtor do benzinov. Toxickd
uroveii pre ¢loveka je 1 mg.deii™, letdlna ddvka 10 mg.deni.

Vyskum geografického rozsirenia skler6zy multiplex urobeny v Anglicku ukdzal na zau-
jimavu spojitost medzi rozsirenim tejto choroby a obsahom Pb v geochemickom pro-
stredi. V oblastiach so zvy§enym obsahom Pb v podach a voddch sa vyskytuje temer 3x
vyssi pocet pripadov ochorenia na skler6zu multiplex neZ v izemiach s normélnou hod-
notou pozadia. V niektorych oblastiach Arménska obsah Pb v zelenine a ovoci az 10x
prevySuje normdlny obsah tohto kovu v porovnani s rastlinnymi produktmi z oblasti
s obsahom Pb v podach na udrovni pozadia. V tychto oblastiach si znacne rozsirené
nervové choroby, ktoré sa na celkovom pocte chordb podielaju viac ako 20 % (bolesti
hlavy, celkovd slabost, bolesti v srdcovej oblasti atd.).

Vedci v Anglicku v Sestdesiatych rokoch zrejme ako prvi vobec naznacili, Ze prijem
zvySeného mnoZstva Pb ludskym organizmom moZe byt faktorom ovplyviiujicim
zvySenie stupfia Umrtnosti na kardiovaskuldrne choroby v oblastiach zdsobovanych
mékkymi pitnymi vodami. Je skutocnostou, Ze otravy vyvolané zvySenou koncentraciou
Pb v pitnej vode nie st vzacnostou, najméa v miestach, kde sa este stdle pouZiva olove-
né vodovodné potrubie. Tu dochddza k rozpustaniu Pb najma mékkymi vodami. Ana-
lyzou pitnych vod v 95 najvacsich metropolitnych oblastiach USA sa zistilo, Ze existuje
pozitivna koreldcia medzi obsahom Pb v pitnych voddch a dmrtnostou na kardio-
vaskuldrne choroby.

Velmi zaujimavé je porovnanie obsahu Pb v kanadskych pddach s obsahom tohto prv-
ku v podach niektorych anglickych dedin vyznacujuicich sa mimoriadne vysokou umrt-
nostou na rakovinu (1967):

Lokalita Pocet vzoriek Priemerny obsah vylihovatelného
Pb (vH,SO,) mgkg

Unicola area, Brit. Columbia 16 2

Cariboo area, Brit. Columbia 16 1

Princeton area, Brit. Columbia 14 2

Ju7nd Manitoba 8 4

Ju7né Ontdrio 12 4

dedina v Gloncestershire, Anglicko 10 267

dedina v Derbyshire, Anglicko 9 406

Sampford Spiney, Devonshire 8 51

Rubidium

Rubidium prakticky nie je toxické. Jeho celkovy obsah v dospelom [udskom jedincovi 360
mg nasvedcuje tomu, Ze by mohol byt esencidlnym prvkom (v rdznych klasifikdcidch sa
uvddza ako pravdepodobne esencidlne pre zdravie). Takdto jeho funkcia sa doteraz
nepotvrdila. Nie su tdaje o priamom vztahu medzi obsahom Rb v geochemickom prostre-
di a Tudskym zdravim. Zrejme md vACS{ vyznam pre rastliny neZ pre Zivé organizmy. Na-
priklad v popole rastlin niektorych oblasti Vychodného Zabajkalska je obsiahnuté az
0,8 % Rb, v popole listu Salix glauca rasticej nad Zilami pegmatitov sa zistilo 0,1 % Rb.

Antimon

Antimén sa svojimi toxickymi dcinkami prirovndva k olovu. Je sice jedovatejsi, no na
rozdiel od Pb sa nekumuluje v organizme. Priznaky otravy (akttnej i chronickej) sa
podobaju otrave arzénom. Soli trojmocného Sb sa stdle pouZivaju na lieCenie niekto-
rych tropickych parazitickych chordb, aj ked sa predpokladd, Ze u takto lieCenych
pacientov moZe vzniknut rakovina mechtura. Terapeutické davky Sb o nickolko rddov
prekracuji mnoZzstvo prijimané ¢lovekom z prirodnych zdrojov. Toxickd droven pre ¢lo-
veka je 100 mg.deii! Sb. Banskou ¢innostou sa do Zivotného prostredia dostdva ro¢ne
75.10° g Sb. Zndme st len otravy profesiondlnou expoziciou, napr. inhalacnou cestou
u banikov v Maroku. Sulfidy su v tejto stivislosti menej nebezpecné neZ iné zliceniny
antiménu (kovovy Sb > Sb’* > Sb**, podobne ako pri As). Za priaznivych podmie-
nok Sb akumuluju rastliny. V kore stromov rastticich nad Sb loZiskom sa zistilo 0,4-4,5
mg.kg! Sb. Taktto akumuldciu potvrdzuje aj zistend pritomnost Sb v orgdnoch lesnej
zveri. MoZno povedat, 7e za normdlnych podmienok nevznikd nebezpecie prijmu Sb
Clovekom. Na druhej strane vSak bola opisand vysokd koncentrdcia Sb v banskych vo-
ddch (napr. vytok z bane na zlato Obnasi v Ghane 1,4 mg.I™").

Selén

Selén je esencidlny prvok pre vacSinu organizmov, v nadbytku v§ak moze byt toxicky.
Akuitne otravy Se sa podobaju otravam vyvolanym As. Inhaldciou SeO, v profesiondlnej
expozicii vznikd zdpal priedusSiek a plic. Zo zlicenin Se su toxikologicky opisané ucin-
ky sirnika selénatého a selenicitého podsobiace na funkciu pecene. Esencialita a toxicita

organic compound tetraethyl lead added into petrol as an antidetonant. A toxic dose
for man is 1 mg Pb per day and a daily lethal dose is put at 10 mg.

Research of the geographic distribution of sclerosis multiplex in England revealed an
important association between the distribution of this disease and the Pb content in
the geochemical environment. In areas with an increased Pb content in soil and water,
the incidence of sclerosis multiplex is three times that in areas with a normal Pb
content. In some areas of Armenia with Pb-rich soils, the Pb content in vegetables and
fruits exceeds ten times the normal content. These areas are considerably affected by
nervous diseases (headache, overall weakness, heart pain, etc.) which account for over
20 % on the total number of diseases.

In the 1960s, English scientists were probably the first to note that an increased Pb
intake by a human organism may lead to a higher mortality due to cardiovascular
diseases in areas supplied with soft drinking water. Actually, poisoning caused by
increased concentrations of Pb in drinking water is nothing extraordinary, notably
where lead water pipes are still in use. Pb is readily dissolved mainly by soft water.
Analysis of drinking water in the 95 biggest US metropolitan areas highlighted a
positive correlation between the Pb content in drinking water and deaths from cardio-
vascular diseases.

A comparison of the Pb content in Canadian soils and that in some English villages
with an extraordinarily high cancer mortality (1967) is very instructive:

Location number of samples  average content of leached
Pb (in H,80,) in mgkg"

Unicola area, British Columbia 16 2

Cariboo area, British Columbia 16 1

Princeton area, British Columbia 14 2

southern Manitoba 8 4

southern Ontario 12 4

village in Gloncestershire, England 10 267

village in Derbyshire, England 9 406

Sampford Spiney, Devonshire 8 51

Rubidium

Rubidium is virtually nontoxic. Its total content in an adult man of 360 mg suggests
that Rb could be an essential element (in various classifications it ranks among
elements probably essential for health). However, its essential function has not yet
been confirmed. There are no data on a direct relationship between the Rb content in
the geochemical environment and human health. It is presumably more significant for
plants than for animals. For instance, plant ash in some areas in the Transbaikal region
contains as much as 0.8 % Rb and ash of the leaves Salix glauca growing above
pegmatite veins contains 1 % Rb.

Antimony

Antimony's toxic effects are similar to lead poisoning. Sb is more toxic, but, unlike lead,
it does not tend to accumulate in organisms. Poisoning symptoms (acute and chronic
alike) resemble those of arsenic. Trivalent Sb salts are still used to cure some tropical
parasitic diseases although they supposedly can cause bladder cancer. Therapeutic
doses of Sb are by several orders higher than those received by man from natural
sources. A toxic level for man is 100 mg Sb per day. Mining adds into the environment
75 x 10° g Sb annually. Sb poisoning is known only as an occupational disease, e.g Sb
inhalation by miners in Morocco. Sulphides are less toxic than other Sb compounds
(native Sb, Sb**, Sb**, like As). Under favourable conditions, Sb is accumulated in
plants. Tree bark from the site of an Sb deposit was found to contain 0.4 - 4.5 mg.kg"!
Sb. This accumulation is confirmed by Sb levels found in organs of forest animals.
Under normal conditions, the intake of Sb is not harmful to man. However, high Sb
concentrations have been described in mine waters (e.g. water discharged from the
Obnasi gold mine, Ghana contains 1.4 mg.I'!).

Selenium

Selenium is an essential element for most organisms, but excessive levels of it are
toxic. Acute selenium poisoning resembles that caused by As. When inhaled, SeO,
causes bronchitis and pneumonia. As for Se compounds, toxicological effects of
selenium disulphide and trisulphide on liver functions have been described. Se
essential and toxic levels are very narrow: essential 0.1 - 2 mg.kg' and toxic 4
mg.kg! (for man 5 mg per day). The geochemical distribution and availability of Se
have been affecting man since the days of Marco Polo who, in an 1295 account of
his voyage from Venice to China, wrote that only animals that recognized and
avoided poisonous plants survived in Asian highlands. Animals imported from
elsewhere ate these plants and consequently lost their hoofs. They probably
developed the disease alkalosis which causes vertigo of cattle. The disease is
widespread in selenium-rich areas, such as Central plains in North America.
Deformed cattle calves are frequently born in some farms situated in the selenium-
bearing areas. As for Se effects on humans, some diseases of the gastrointestinal
tract, skin hyperpigmentation, nail deformations, weakness, etc. are known to occur
in selenium-bearing areas. A lesser effect of Se toxicity on human liver in these
areas is explained by the fact that most Se in food comes from animal organs, meat
and fish where Se is not so readily available as it is in plants and that human diet
in these areas does not include much of vegetable products high in selenium.
However, high Se levels in blood as well as a high incidency of newborn baby's
deformations have been noted in areas of selenium-rich vegetation (South Dakota,
Wyoming). High sickness rates and a high incidence of dental caries of children
born and grown up in American cities located in a geochemical environment rich in
Se are also evident. Some studies suggest that Se may also influence the incidence
of cardiovascular diseases. This assumption is backed, among other facts, also by
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Se md velmi uzky rozsah drovni: esencidlna droveii 0,1-2 mgkg!, toxickd urovei
> 4 mgkg! (pre ¢loveka sa uddva 5 mg.deii™'). Geochemickd distribucia a dostupnost
Se ovplyviiovala ¢loveka uz od ¢ias Marca Pola, ktory vo svojej sprave o ceste z Bend-
tok do Ciny v roku 1295 pisal, Ze len urcitd skupina zvierat, ktoré sa naucili vyhybat je-
dovatym rastlindm na dzijskych vySindch, prezila. Zvieratd importované z inych oblast{
konzumovali tieto rastliny a strdcali kopytd. Tak pravdepodobne reprezentuje formu
choroby (alkal6za) spdsobujticu zdvraty dobytka (jankovitost, streckovanie), ktord sa
hojne vyskytuje v selénonosnych oblastiach ako napr. na centrdlnych planindch v Sever-
nej Amerike. Je zdokumentovany vysoky vyskyt deformovanych mlddat dobytka na
niektorych farmdch situovanych v selénonosnych oblastiach. Pokial ide o vplyv na ¢lo-
veka, v selénonosnych oblastiach boli opisané niektoré poruchy zaZivacicho traktu,
hyperpigmentédcie koZe, zmeny na nechtoch, tinava atd. Mensi vplyv toxicity Se na [ud-
sku pecen v takychto oblastiach autori vysvetluju faktom, Ze vacSina Se v potrave je od-
vodend z orgdnov zvierat, misa a ryb, kde tento prvok nie je taky dostupny ako z rastlin
a zrejme tdto potrava nezahriiala druhy rastlin s jeho vysokym obsahom. Boli v§ak opi-
sané vysoké drovne Se v krvi [udi z oblasti s vegetdciou bohatou na tento prvok, ako aj
vysoky podiel novorodeneckych deformdcii (Juznd Dakota, Wyoming). Evidentnd je aj
vysokd chorobnost na zubné kazy u det, ktoré sa narodili a vyrdstli v americkych mes-
tach lokalizovanych v geochemickom prostredi bohatom na Se. Niektoré vysledky $tu-
dii naznacujui, Ze Se patri k prvkom, ktoré moZu mat vplyv na rozsirenie
kardiovaskuldrnych chorob. Porovnanie imrtnosti na tieto choroby v Oregone a JuZnej
Dakote s priemernou koncentrdciou Se v kravskom mlieku tento ndzor potvrdzuje:

the association between the incidence of cardiovascular deaths and the average
concentration of Se in cow milk.

Death rate
State water hardness | cardiovascular coronar heart | Se in milk
mg.kg™ diseases mg.It
Oregon 17 755.9 502.2 <0.02
South Dakota 299 645.8 422.1 0.05

Umrtnost
Stat Tvrdost Kardiovasku - Koronéarne Se v mlieku
vody mg.kg™ lare srdcové mg.I™t
: choroby choroby
Oregon 17 755,9 502,2 <0,02
Juzna 299 645,8 422,1 0,05
Dakota

Na druhej strane, aj deficit Se v geochemickom prostredi, ktory sa spravidla vztahuje
na obsah v pode, sposobuje zdvazné ochorenia. V roku 1935 bola opisand tzv. choroba
Keshan. Ide o endemicku kardiomyopatiu (bliZsie neurcené srdcové ochorenie). Vysky-
tuje sa v provincidch Heiloujiang (kde je situovany Keshan) a Jilin v sv. Cine. Endemic-
ké oblasti su lokalizované od tychto dvoch provincii v zéne tiahnucej sa sz. smerom az
po provincie Sichnan a Yunnan severne od Laosu a Vietnamu. V tomto pdsme sa cho-
roba Keshan vyskytuje vo vicsej alebo mensej miere v zdvislosti od vysSicho alebo niz-
Siecho obsahu Se vo vode a pode, principidlne v pahorkovitych a hornatych oblastiach
s nadmorskou vySkou viac ako 1 600 m. Deficitu Se v prostredi sa pripisuje aj Kashino-
va-Beckova choroba (pozri ¢ast o fosfore). Uloha Se v procese karcinogenézy je viac-
-menej v §tddiu skiimania na experimentdlnej drovni. Boli zaznamenané viaceré pripady
rakoviny pltic, koZe, zaZivacieho traktu, kosti atd. Zatial sa nevie, ¢i je to ndsledkom niz-
keho obsahu Se v geochemickom prostredi, alebo nizkeho pomeru Se k inym kovom
(napr. As, Sb, Co, Cd, Cr, Pb). Experimentdlne je potvrdené, Ze deficit Se moze spdso-
bit vyvoj nddorov v animdlnych systémoch. Z ludskej patoldgie je relevantnd skuto¢nost,
7e v plicnych tkanivdch osob, ktoré zomreli na zhubné choroby vieobecne, je podstat-
ne niz8i obsah Se neZ v tychto tkanivdch u osob, ktoré zomreli nestastnou ndhodou
(173,1 oproti 292,0 mg.kg™" Se).

Pokial ide o Slovensko, velkd ¢ast nasej populdcie trpi skrytym nedostatkom selénu. Za
optimdlnu koncentrdciu Se v plazme sa povaZzuje hodnota okolo 100 mg.I!. Priemery
koncentrécie Se v roznych oblastiach Slovenska sa pohybovali v rozsahu 46-77 mg.I™,
¢im sa zaradujeme ku krajindm s nizkym statusom Se. Nizke hladiny Se v krvnom sére
boli zaznamenané u obyvatelov z okresov Dolny Kubin, Topol¢any a z Bratislavy. Ten-
to stav odrdZza mnozstvo dostupného Se v pdde, ktoré sa zachytdva rastlinami a prak-
ticky kopiruje uvedené skutocnosti (napr. velmi nizky obsah Se v podach okresu Dolny
Kubin). Teda status Se (mnoZstvo Se v organizme) u populdcie je primdrne determino-
vany geochemickym prostredim a jeho interakciou s nutricnymi produktmi. Se je
jednozna¢nym prikladom vztahu medzi geochémiou a Iudskym zdravim. Nepriaznivd
situdcia sa dd riesit. V sedemdesiatych rokoch sa v krajindch ako Finsko, Svédsko, Nor-
sko a Ddnsko priemerny obsah Se v obilnindch pohyboval v rozsahu 7-18 ug.kg™, ¢o ra-
dikdlne riesili vo Finsku selenizovanim pod. V roku 1986 sa u nich obsah Se v pSenici
zvysil na 320 mg.kg™!, u Iudi sa koncentrdcia v plazme zvySila na 105 ug.kg'.

Cin

Cin patri medzi esencidlne prvky, v nadbytku je vSak toxicky pre vacSinu biologic-
kych druhov. Toxickd droveri pre Cloveka je 2 g.deii™!. Organické zliceniny Sn
predstavuju pre ¢loveka vyssie riziko (najmé pri profesijnej expozicii) neZ anorga-
nické zliceniny, Zial, kontamindcia Zivotného prostredia tymito zli¢eninami zacina
mat v poslednom c¢ase Coaraz vacsi vyznam. Intoxikdcie su zndme v dosledku
profesijnej expozicie, resp. potravou kontaminovanou Sn (napr. kyslé ovocné $tavy
z pocinovanych nddob). Priamy vztah Sn v primdrnom geochemickom prostredi
k Tudskému zdraviu nebol exaktne opisany. Zistil sa len nizky obsah Sn (okolo
0,1-1,5 ug.g!) vo vacsine ludskych tkaniv, a to na udrovniach zodpovedajicich
geografickej lokalizdcii vo vztahu k jeho geochemickej distribuicii. Predpokladd sa, Ze
v nadbytku je Sn karcinogénom. Vysledky su zatial na drovni klinickych vyskumov
(napr. v byvalom ZSSR sa zistilo, Ze obsah Sn v krvi chorych na rakovinu plic v po-
rovnani s krvou zdravych osob je zvySeny). Skor mozno hovorit o nepriamom vply-
ve Sn na Zivotné prostredie, napr. koncentrdcia 0,24 mg.I"!' cinu zistend v rie¢nej vode
pretekajticej oblastou tazby Sn v jz. Anglicku.

On the other hand, Se deficiency in the geochemical environment, which largely results
from low Se contents in soil, also causes serious diseases. In 1935, the so called
Keshan disease was described. It is endemic cardiomyopathy (closely unidentified
heart disease) widespread in the Heiloujiang (where Keshan is situated) j and Jilin
provinces in NE China. The disease is endemic in a NW-trending zone stretching as
far as the Sichnan and Yunnan provinces north of Laos and Vietnam. In this zone the
incidence of the Keshan disease is governed more or less by the Se contents in water
and soil, the disease being confined primarily to uplands and mountainous areas with
altitudes over 1600 m. Se deficiency is presumaly also responsible for the Kashin-Beck
disease (see the part on phosphorus). Study of the role of Se in the carcinogenetic
process is essentially in the experimental stage. It is known to have caused several cases
of lung, skin, gastrointestinal tract and bone cancer. It is not known yet whether the
diseases resulted from a low Se content in the geochemical environment or from a low
ratio of Se to other metals, such as As, Sb, Co, Cd, Cr and Pb. Experiments have
confirmed that Se deficiency may cause tumours in animal systems. As for human
pathology, it is important that lung tissues of persons who died of various malignant
diseases contain much less Se than those of people who died in accidents

(173.1 versus 292.0 mg.kg!' Se).

Great part of Slovakia's population suffers from a hidden Se deficiency. The optimum
Se level in plasma varies around 100 mg.I"!, whereas the average concentrations in
various regions of Slovakia ranged between 46 and 77 mg.l"!, less than in most other
countries. Low Se levels in blood serum occur in the Dolny Kubin, Topol¢any and
Bratislava districts. This state reflects the amount of Se available in soil which is taken
up by plants and corresponds to the above-mentioned facts (e.g. extremely low Se
content in soil in the Dolny Kubin district). This implies that the amount of Se in
human body depends primarily on the geochemical environment and its interaction
with nutrient products. Se exemplifies the relationship between gchy and human
health. The adverse situation can be solved. In the 1970s, cereals in Finland, Sweden,
Norway and Denmark averaged between 7 and 18 g.kg' Se. After soil selenization, the
Se content in Finnish wheat increased to 320 mg.kg! in 1986, and Se levels in plasma
of Finns rose to 105 mg.kg.

Tin

Tin is an essential element, but excessive amounts of it are toxic for all biological
species. The toxic level for man is 2 g per day. Sn organic compounds (particularly
when exposition is strong) are more detrimental to human health than inorganic ones.
Sadly, the contamination of the environment with the former has increased lately. Sn
poisoning occurs either as occupational disease or as poisoning with contaminated
food or beverages, such as acid fruit juices from tin-plated containers. A direct
relationship between Sn in the primary geochemical environment and human health
has not yet been exactly investigated. The Sn contents in most human tissues are low
(around 0.1 - 1.5 ug.g), their levels corresponding to the geographical location and
Sn geochemical distribution. Clinical investigations suggest that excessive amounts of
Se are carcinogenic, e.g. blood of people suffereing from lung cancer in the former
USSR has been found to contain more Sn than that of healthy people. It is more
appropriate to speak about tin's indirect effect on the environment exemplified by the
0.24 mg.I'' As found in the water of a river draining a tin-mining area in SW England.

Strontium

Small amounts of strontium occur in most human tissues, but the highest levels are in
bones and teeth. Research focused on the deposition of radioactive *Sr in bones as a
result of nuclear tests and accidents. Geochemical investigations are aimed at the
geographic distribution of mining. The results of Sr surplus in the environment are
exemplified by the extremely Sr-rich water in the Indian reservation Pima in Arizona
which is responsible for a high incidence of diabetes. This, however, need not necessar-
ily be the result of an increased concentration of a single element, but of a disturbed
geochemical equilibrium caused mostly by the excessive concentration a single
element. The Zeja area in the Amur region of the former USSR suffers from the rather
widespread so called Urovsk disease affecting animals and humans and causing
skeleton deformations, joint and bone inflammation and eventually seriously crippling
the patients. Its causes have not been explained reliably. Shortly before World War 11
the disease was linked with the demonstrated Ca deficiency in water. Later on it turned
out that a similar Ca deficiency occurs also in areas where the Urovsk disease is
nonexistent. Researches after World War II have proven that the disease is caused by
the disturbed ratio of Ca to other elements, notably Sr. As for strontium's association
with blood circulation diseases, several authors have noted a negative correlation
between the Sr concentration in the environment (in water, soil and vegetation) and
deaths from cardiovascular diseases. The distribution of trace elements in cancer
tissues in stomach was studied in the East Transbaikal region, a unique biogeochemi-
cal province characterized by a number of endemic diseases of animals and humans.
The cancer tissues have been found to have increased Sr contents, mostly around
0.04 %, whereas the healthy tissues contained just around 0.02 % Sr.



Stroncium

Stroncium je pritomné v malom mnoZstve vo vacSine [udskych tkaniv, najviac je viaza-
né v kostiach a zuboch. Predmetom zdujmu je ukladanie radioaktivneho *Sr do kosti,
ndsledok jadrovych pokusov a havdrii. Geochemicky zdujem je smerovany na geogra-
fickd lokalizdciu banskej tazby. Pokial ide o choroby vyvolané nadbytkom stopovych
prvkov v prostredi z aspektu Sr, moZno uviest priklad pitnych vod v indidnskej rezerva-
cii Pima v Arizone, vyznacujucej sa znanym rozsirenim cukrovky. Tieto vody su velmi
bohaté na Sr. Nemusi v§ak vZdy ist len o jednoduchy uc¢inok zvySenej koncentracie jed-
ného prvku, ale o porusenie geochemickej rovnovdhy, hoci rozhodujicim faktorom je
koncentrdcia jedného prvku v nadbytku. V Zejskom rajéne Amurskej oblasti byvalého
ZSSR je pomerne Casty vyskyt tzv. urovskej choroby postihujticej zvieratd a ¢loveka,
ktord sposobuje zmeny na kostre, zdpal kibov a kosti s konecnym désledkom tazkého
zmrzacenia. PriCiny nie su spolahlivo vysvetlené. Krdtko pred 2. svetovou vojnou sa
povod choroby prisudzoval preukdzatelnému deficitu Ca vo voddch. Neskorsie sa v§ak
dokdzalo, 7Ze podobny deficit Ca sa vyskytuje aj v inych izemiach, ale pripady urovskej
choroby tu zaznamenané neboli. Vyskumom urobenym po 2. svetovej vojne sa dokdza-
lo, Ze pricina choroby spociva v naruSenom pomere medzi Ca a inymi prvkami, najma
vSak Sr. V stvislosti s chorobami krvného obehu viaceri autori zaznamenali negativnu
koreldciu medzi koncentrdciou Sr v prostredi (vo vodéch, podach a vegetdcii) a tmrt-
nostou na kardiovaskuldrne choroby. Vyskum rozsirenia stopovych prvkov v rakovi-
novych tkanivdch Zalidka sa realizoval vo Vychodnom Zabajkalsku. Tdto oblast je
svojrdznou biogeochemickou provinciou charakterizovanou celym radom endemic-
kych chordb zvierat a Cloveka. V rakovinovych tkanivdch sa zistil zvySeny obsah Sr
(naj¢astejSie sa obsah pohyboval okolo 0,04 %, zatial ¢o v zdravych tkanivdch len oko-
lo 0,02 % Sr).

Titdn

Nachddza sa v stopovych mnozZstvach konstantne v Zivom organizme. VSeobecne sa po-
kladd za netoxicky prvok. Jeho geochemickd interakcia medzi litosférou/hydrosférou
a biosférou zdvisi od sorpénych procesov a s¢asti od chemickej $pecidcie. Udaje o spoji-
tosti geochemickej distribucie Ti vo vztahu k ludskému zdraviu sd sporadické. MozZno
uviest priklad z rovnikovej Afriky (spominany v stivise s Be), tykajuci sa vyskytu elefan-
tidzy. Analyzou lymfatickych uzlin chorych tkaniv sa zistila pritomnost mikrocastic, ktoré
sa dalej analyzovali rozli¢nymi metédami. Z prvkov prevlddali Al a Si s vyznamnym po-
dielom Ti. Rontgenovd difrakcia dokdzala pritomnost ackermanitu. Autori predpokladali,
Ze tento minerdl je patologickym faktorom v pripade tejto choroby. Materskymi hornina-
mi pdd, na ktorych obyvatelstvo Zije, su zvetrané vulkanické horniny. O nich sa potom
predpokladd, Ze su vSeobecnou prerekvizitou pre tito chorobu. Pokial ide o ulohu Ti
v procese karcinogenézy, v Ivanofrankovskej oblasti byvalého ZSSR sa zistila priama zd-
vislost medzi imrtnostou na leukézy a lymfogranulomatézy (benigne — lymfogranulom,
tvorba uzlikov) a obsahom Ti v pddach. ZvySend umrtnost sa zistila v tizemiach s pdda-
mi vyznacujticimi sa vysokou koncentrdciou Ti a nizkym obsahom Mn.

Tdlium

Télium je vyrazne toxicky prvok pre vacsinu Zivych organizmov. Letdlna ddvka pre ¢lo-
veka je 600 mg.den”'. Niektoré zliceniny TI maju teratogénne ucinky. V Juhoslavii bol
opisany region s vysokym obsahom TI, kde obsah v rastlindch vykazoval toxicky efekt
na hovadzi dobytok. Strava zo vSetkych morskych Zivocichov v zdlive Minamata v Ja-
ponsku (kde kontaminovand morskd voda spdsobila vdzne choroby [udom konzumu-
jucim morské ZivocCichy — pozri Hg) obsahuje 0,08 mgkg™! tdlia. Za normédlnych
podmienok by v§ak nemala vznikntt droven toxickd pre ¢loveka. Napriklad koncen-
tracny faktor (obsah Tl v Zalidku/tkanive) pre losa a jeleiia sa uddva v rozmedzi
0,04-0,14 v svaloch a 14-22,7 v kostiach, z ¢oho vychddza malé nebezpecie toxicity TI
pre ¢loveka konzumujiceho jedlo z tychto zvierat. Samozrejme, takyto prijem TI odra-
7a jeho prislusny obsah v danom geochemickom prostredi. Najvyssi obsah Tl v podach
USA je 5 mg.kg™!. Ak rastliny rastice na takychto podach sliZia ako celkovd Tudska po-
trava a maju koncentraény faktor 10, potom ,,najhorsi* pripad, ktory si mozno predsta-
vit, je denny prijem tdlia 80 mg, t. j. cca 1 mg na kg Zivej vahy. Ordlna toxicita pre ¢loveka
(LD,,) sa uddva 3 mg na kg Zivej vdhy.

Vanad

Patri medzi prvky, ktorych esencialita nie je Uplne preukdzand. Pre jeden druh moZe byt
esencidlny, kym pre ostatné organizmy moZze byt toxicky. Obvyklou brdanou vstupu V do
organizmu Cloveka je dychaci systém, v niektorych pripadoch moZe vstipit alimen-
tdrnou cestou prostrednictvom kontaminovanej potravy. PretoZe koncentrdcia vanddu
v pdde, v pitnej vode a potrave je relativne nizka, najdolezitejSou formou expozicie toh-
to prvku je profesijnd expozicia. Z aspektu chordb krvného obehu viaceri autori potvr-
dili existenciu nedostatku vanddu v pitnych voddch oblasti charakterizovanych vysokou
umrtnostou na kardiovaskuldrne choroby. Vyznamné je experimentdlne zistenie, ked
aplikdcia V mladym zdravym muZom vyvolala vyznamné zniZenie obsahu cholesterolu
v sére. V tejto stivislosti moZno uviest pozitivny vplyv (i ked profesijnou expoziciou) va-
nddu, ked v sére 24 pracovnikov nachddzajucich sa v dlhodobom a bezprostrednom
kontakte s prachom obsahujicim V (vo vanddovych baniach na JZ Colorada) bol znac-
ne niZsi priemerny obsah cholesterolu nez v sére ludi z tejto oblasti, ktori neprichddza-
li do styku s tymto prvkom. Klinické udaje naznacuji aj moZnu ulohu
environmentdlneho vanddu v procese karcinogenézy. Zistil sa jeho podstatne vysSsi ob-
sah v krvi 0sdb chorych na rakovinu Zalddka v porovnani s krvou zdravych ludi. Vandd
je jednym z prvkov (dalsie si Mo, Be, As a Zn), ktory vykazuje zdvislost medzi koncen-
trdciou v atmosfére priemyslovych sidlisk a stupiiom imrtnosti na rakovinu plc.

Volfrdm

Riziko expozicie W vznikd predovsetkym v priemyselnej vyrobe, z aspektu environmen-
tdlneho obsahu tohto prvku je velmi nizke, resp. Ziadne. Denny prijem profesiondlne
neexponovanej populdcie sa pohybuje od 8 mg do 13 mg. V pripade laboratérnych zvie-
rat neboli vyvolané sarkémy vpravenim praskového W do stehenného svalu.

Titanium

Trace amounts of titanium are invariably found in living organisms. It is generally
considered a nontoxic element. Its geochemical interaction between the
lithosphere/hydrosphere and the biosphere depends on sorption processes and in part
also on chemical speciation. Data on the association of Ti geochemical distribution
with human health are scarce. It may be exemplified by the elephantiasis occurrence
in equatorial Africa mentioned in the beryllium paragraph. Analysis of lymph nodes
of ill tissues revealed the presence of microscopic particles which were further
analysed by various methods. The elements in the tissues were dominated by Al and
Si with a considerable proportion of Ti. X-ray diffraction identified ackermanite. The
authors assumed that this mineral is the pathologic factor responsible for this disease.
Soils in the area in question are underlain by weathered volcanics that are generally
regarded as a prerequisite to this disease. As for titanium's role in the carcinogenesis
process, a direct relationship has been found in the Ivano-Frankovsk area in the
former USSR between deaths from leukosis and lymphogranulomathosis (benign
lymphogranuloma, node formation) and the Ti contents in soil. Increased mortality
has been noted in areas with soils high in Ti and low in Mn.

Thallium

Thallium is a strongly toxic element for most of living organisms. The lethal dose for
man is 600 mg Tl per day. Some Tl compounds have teratogenic effects. High TI
contents in plants in a region in Yugoslavia had toxic effects on cows. All sea food
from the Minamata bay in Japan (where contaminated sea water caused serious
diseases of people eating sea food - see Hg paragraph) contains 0.08 mg.kg' thallium.
However, levels toxic for man should not be reached under normal conditions. For
instance, a concentration factor (T1 contents in stomach/tissue) for the elk and red
deer ranges between 0.04 - 0.14 in muscles and 14 -22.7 in bones indicating little Tl
poisoning hazards for humans eating meat of these animals. Of course, the Ti intake
reflects its content in the local geochemical environment. The highest TI contents in
soil in the USA reach 5 mg.kg™'. If plants grown on these soils and used as human food
have a concentration factor of 10, the worst-case scenario is a daily Tl intake of 80 mg
or approximately 1 mg per kg of weight. Oral toxicity for man (LDS50) is put at 3 mg
per kg of weight.

Vanadium

It has not been proved convincingly whether or not vanadium is essential for health.
It may be essential for one species and toxic for others. It usually enters human body
by inhalation, but sometimes also in contaminated food. As V concentrations in soil,
food and drinking water are relatively low, occupational exposure is more important
than other kinds of exposure to V. As for blood-circulation diseases, several authors
have noted V deficiency in drinking water in areas affected by a high cardiovascular
mortality. It is worth mentioning that V experimantally administered to young healthy
men resulted in a significant decline in the cholesterol content in serum. Occupational
exposure to V can have beneficial effects on human health as exemplified by 24
workers exposed for a long time to vanadium-containing dust in vanadium mines in
SW Colorado whose serum contained much less cholesterol than the serum other
residents in this area unexposed to V. Clinical data suggest that V in the environment
may play a role in the carcinogenic process since the blood of people suffering from
stomach cancer contains much more V than that of healthy people. Vanadium is one
of the elements (along with Mo, Be, As and Zn) whose concentration in the
atmosphere of industrial centres displays association with lung-cancer deaths.

Tungsten

The hazards of W exposure are exclusively occupational ones, as the environmental
contents of this element are very low or none. Aside for those with occupational
exposure, the daily dose of man varies between 8.0 and 13,0 mg. W dust inserted into
the thigh muscles of laboratory animals did not cause sarcomas.

Yttrium

Yttrium compounds are slightly toxic, their physiological effects being similar to those
of lanthanoids. The toxicological effects of yttrium dust inhalation by laboratory
animals have been described, but no effects on humans are known in practice. Some
researchers speculate that the carcinogenic process could be triggered also by the
catalytic effect of some, so far overlooked elements (including Y) in the geochemical
environment. In the Tomsk area of the former USSR, a negative correlation has been
noted between the incidence of children's leukosis and the contents of mobile Cu and
total Ni in soils as well as a positive correlation between sickness rate and the total
content of Y and REE oxides in soils. As far as yttrium and REE are concerned, this
finding is not particularly interesting as Y, Zr and REE (Ce, Pr, Nd, Sm) oxides and
hydroxides typically have a high catalytic efficiency. This fact is confirmed by an
experiment which proved a considerbly increased number of malignant tumours in
laboratory animals that drank water with Y.

Zinc

Zinc is essential for most organisms, but excessive amounts of this element can be
toxic. Its deficiency is responsible for slow healing of wounds, limited growth, etc. A
Zn deficiency syndrome is endemic among young men in Iran and Egypt. Some
authors assume that Y plays a role in carcinogenesis. The toxic dose for man is 150 -
600 mg Zn per day. The primary geochemical effect of Zn on man is not so evident as
that of I, F or Se. A research in Georgia, USA revealed a higher incidence of cardio-
vascular deaths in counties with soils and vegetation high in Zn. In contrast, at the end
of the 1960s it turned out that most patients suffering from atherosclerosis are
deficient in Zn, but the geochemical implications of this element were not investigat-
ed. Much data suggest a possible role of Zn (together with Cd and Se) in the contrac-
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Ytrium

Toxicita zlticenin ytria nie je velkd, dosiahnuté fyziologické ti¢inky si podobné lantanoi-
dom. V literatuire sa uddvaju toxikologické ucinky z inhaldcie prachu v pripade labora-
térnych zvierat, u fudi ucinky neboli opisané. Niektori autori uvazuji o mozZnosti
vyvolania karcinogénneho procesu i katalytickym uc¢inkom niektorych doteraz neuvazo-
vanych prvkov (okrem inych aj Y) v geochemickom prostredi. V Tomskej oblasti byva-
lého ZSSR sa zistila existencia negativnej koreldcie medzi rozsirenim leukozy u deti
a obsahom pohyblivej Cu a celkového Ni v podach a pozitivna koreldcia medzi chorob-
nostou a celkovym obsahom oxidov REE a Y v podach. Pokial ide o REE a ytrium, to-
to zistenie je mimoriadne zaujimavé, pretoZe oxidy a hydroxidy REE (Ce, Pr, Nd,
Sm), Y a Zr sa vyznacuju vysokou katalytickou dcinnostou. Tento fakt mozno potvrdit
experimentdlnym vysledkom, ked sa zistil vyrazne zvySeny vyskyt zhubnych nddorov
u laboratérnych zvierat, ktoré s pitnou vodou dostdvali Y.

Zinok

Zinok je esencidlnym prvkom pre vacSinu organizmov, v nadbytku v§ak moze byt to-
xicky. Jeho nedostatok sposobuje napr. zIé hojenie rdn, maly vzrast atd. Endemicky
vyskyt syndrému nedostatku Zn bol opisany u mladych muzov v Irdne a Egypte. Nie-
ktorf autori prisudzuji Zn urcitd dlohu aj v karcinogenéze. Toxickd uroven pre Cloveka je
150-600 mg.deni”!. Primdrny geochemicky vplyv Zn na ¢loveka nie je taky evidentny ako
v pripade I, F alebo Se. Vyskumom realizovanym v Georgii (USA) sa zaznamenala vys-
Sia umrtnost na kardiovaskuldrne choroby v okresoch s pddami a vegetdciou bohatSou
na Zn. Na druhej strane, koncom 60. rokov sa zistilo, Ze vac§ina pacientov trpiacich na
aterosklerézu vykazuje deficit Zn bez poukdzania na geochemicku implikdciu tohto prv-
ku. Existuje pomerne znacny pocet tidajov o moZnej ticasti Zn (spolu s Cd a Se) pri
vzniku a vyvoji rakovinovych choréb. Anglicki autori zistili, Ze ,,rakovinové® pody ( t. j.
pddy, ktorych uZivatel zomrel na rakovinu) v Severnom Walese, Cheshire a Devonshire
v porovnani so zdravymi, ,,nerakovinovymi® podami sa vyznacuju vy$§im obsahom Zn.
ZvySend tmrtnost na rakovinu (predovsetkym zaltidka) sa vo Velkej Britdnii skutocne
velmi Casto vyskytuje v oblastiach preukdzatelne obohatenych zinkom.

Zirkénium

Podobne ako pri titdne aj pri zirkoniu sa preukdzali kon§tantné stopové mnoZstvd v or-
ganizme. Niektoré soli Zr vyvoldvaju pokles ¢ervenych krviniek. Pri inhala¢nej expozicii
sa moOZu tvorif abscesy, granulémy a pneumdnie. Selendt Zr bol opisany ako karcino-
gén. Z dovodu velmi nizkej rozpustnosti prirodne sa vyskytujticich zlticenin zirkdnia,
ako aj nizkej koncentrdcie Zr v rastlindch zdd sa tento prvok nizkym environmentdlnym
rizikom. Predpokladd sa v§ak patogénna uloha z aspektu jeho obsahu v pode vo vzta-
hu k vyskytu elefantidzy v tropickej Afrike. Tato choroba sa vyskytuje v endemickych
oblastiach, ktorych spolo¢nym znakom st ¢ervenohnedé pody vo vyssich nadmorskych
vySkach (viac ako 1 250 m n. m.) s miernou teplotou (20 °C) a vysokymi zrdZkami (viac
ako 1 000 mm ro¢ne). V pddach z endemickych oblasti etiopskeho riftu sa zistil vysoky
obsah Zr (ako aj Be, Se, Ce, La, Nd a V). Koncentrdcia Zr a Be (pozri Be) tu bola
dvojndsobnd oproti pddam z neendemickych oblasti: Zr 618 oproti 323 mg.kg™" a Be 4,6
oproti 2,6 mg.kg™!. Autori predpokladaju priamy geochemicky vplyv Zr (i Be) v patoge-
néze clefantidzy.
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9. RIECNE SEDIMENTY A ICH VYZNAM

Rie¢ny sediment

Rie¢ne sedimenty ako nosné médium predstavuju tak pozitivne, ako aj negativne
zdroje v prirodnom prostredi, ktoré mdzu mat rozne vplyvy najméa na kvalitu prirod-
nych vdd (podzemnych aj povrchovych) a pod, biotu a prostrednictvom potravi-
nového retazca az na €loveka. Ich §irsi vplyv na Zivotné prostredie umoZziuju z koryta
toku povodiiové viny, resp. ludskd aktivita (bagrovanie a pod.).

Poznatky o chemickom zloZeni rie¢nych sedimentov a regiondlnej distribucii
prvkov/zloziek, ktoré obsahujui, maju z geochemického pohladu najmé prospekény
a environmentdlny vyznam. Velky vyznam maju aj z vodohospoddrskeho hladiska
(mnoZstvo a kvalita sedimentu vo vodohospoddrskych nddrziach, prichraddch, jaze-
rdch, rybnikoch a pod.) a vo svetovom meradle najmé v deltdch velkych tokov, ktoré
prind$aji mnoZstvo ¢asto vysoko kontaminovanych sedimentov.

Rie¢ny sediment reprezentuje ¢astice odvodené z hornin alebo biologickych materid-
lov znosovej oblasti, ktoré boli transportované kvapalnou fdzou, alebo pevnd, resp.
suspendovant fdzu (anorganicky a organicky sestén) usadzovanu z vody. Rie¢ny se-
diment je teda jemnozrnny dnovy sediment akumulovany pri vhodnych podmienkach
prudenia v povrchovom toku, ktory poskytuje citlivi indikdciu kumulovaného ucinku
vody sprostredkovant ukladanim suspendovaného materidlu, ako aj rozpustnych zlo-
Ziek koncentrovanych prostrednictvom najméd sorpénych reakcii. Pre geochemické
a environmentdlne hodnotenie rie¢nych sedimentov su oproti analyze vodnej zlozky
vyhodou dobré akumula¢né schopnosti, najma jemnozrnnej ¢asti sedimentu.

Chemické zloZenie rienych sedimentov

Podla definicie rie¢neho sedimentu jeho abioticky podiel reprezentuje materidl vznik-
nuty z produktov eréznej ¢innosti, najma zvetrdvanim hornin a ndslednym znosom,
spolu s podielom pddneho profilu smerom k dolnym ¢astiam povodia a k er6znej ba-
ze, kde st vhodné podmienky na ich akumuldciu.

Zvetrdvanie predstavuje fyzikdlnu dezintegrdciu a chemickd dekompoziciu hornin
a minerdlov na zemskom povrchu, resp. blizko pri fiom. Je to subor procesov,
v ktorych sud horniny a minerdly fyzikdlne a chemicky zmenené tak, Ze sa viac-menej
dostdvajui do nového rovnovdzneho stavu vplyvom novych prirodnych podmienok.
Pri mechanickom zvetrdvani je horninovy materidl fyzikdlnymi silami rozdrobeny na
mensSie kusy (s charakterom horniny, resp. minerdlov), ktoré majui rovnaké chemické
zloZenie ako materské horniny. Fyzikdlne procesy, ktoré sposobuji mechanické
zvetrdvanie, su najma tieto:

— mrznutie,

- uvolnenie tlakom,

— tepelnd expanzia a kontrakcia,

— aktivita organizmov.

Chemické zvetrdvanie je proces, pri ktorom je horninovy materidl rozloZeny chemic-
kou dekompoziciou materskych hornin. Jednotlivé minerdly sa rozkladaju podla ich
odolnosti proti procesom chemického zvetrdvania, ktorého ¢initelmi sui najméa atmo-
sférické plyny, voda a kyseliny. Chemické zvetrdvanie sa realizuje najma:

— rozpuStanim,

- oxiddciou,

— hydrolyzou.

Rychlost chemického zvetrdvania kontroluje niekolko faktorov, medzi ktoré patri naj-
ma velkost Castic, klimatické podmienky a charakter materskych hornin.

7 hladiska obsahu prvkov v rie¢nych sedimentoch preto jednym z najdolezitejsich fak-
torov je geologickd stavba a vyskyt minerdlnych formdcii a asocidcii (loZiskd najma
rudnych surovin) a produktov ich zvetrdvania, ktoré reprezentuji geogénny podiel
celkového obsahu prvku v sedimente.

Jednotlivé Castice, z ktorych je sediment zloZeny, pochddzaji najmé z dvoch zdrojov:
Prvy zahrfia minerdly zo znosovej oblasti, ktoré sa do rie¢neho sedimentu dostali
procesmi v telese vodného stlpca. Obohatenie o tieto minerdly moZze byt ovplyviio-
vané sedimentdciou Castic, filtrdciou organizmami a flokuldciou. V jazerdch (najma
Strkoviskd a mrtve ramend) je koncentrdcia tazkych kovov pomerne silno ovplyvnend
dekompoziciou organickej hmoty.

Druhy zdroj predstavuji minerdly, ktoré vznikajui procesmi vnttri sedimentov. De-
kompozicia organickej hmoty sprostredkovand mikroorganizmami vo v§eobecnosti
kontroluje postupnost diagenetickych procesov a ich vyslednych produktov prostred-
nictvom spotreby kyslika (respirdcia), redukcie dusi¢nanov a siranov a tvorby metd-
nu. Chemické zloZenie intersticidrnych (pérovych) vod sedimentov je velmi citlivym
indikdtorom na vSetky zmeny prebichajice na styku pevnej a kvapalnej fazy
v sedimentoch.

Pevna fdza, ktord interaguje s rozpustenymi zloZzkami prirodnych vod, pozostdva naj-
mi z ilovych minerdlov, karbondtov, kremefia, Zivcov, akcesorickych minerdlov
a organickej hmoty. Najcastej$im tmeliacim materidlom su hydratované oxidy Zeleza,
mangdnu, hlinika, flové minerdly a organické latky. Tvorba organickej hmoty, na kto-
ru su Casto sorbované tazké kovy, prebieha v principe troma sposobmi: 1. z niZsich
organizmov, ako st baktérie a riasy, 2. agregdciou materidlu z odumretych rastlin
a zivoCichov, 3. organickd hmota je sorbovand na flové minerdly alebo hydroxidy ko-
vov. Je vSak potrebné poznamenat, Ze rozdiely medzi uvedenymi troma typmi povr-
chov nie st eSte dokonale objasnené, najma vo vztahu k zachytdvaniu tazkych kovov.
Velmi doleZitou sucastou vo vztahu k pochopeniu celého systému su koloidy. Velku
Cast prirodnych koloidov v kontinentdlnych podmienkach tvoria polyméry humi-
novych kyselin, ktoré obsahuju funkcné skupiny ako COOH, OH, C=0, NH, a SH,.
Tieto koloidy maju prevazne negativny ndboj a reaguju s kovmi za vzniku organoko-
vovych komplexov prostrednictvom ionovymeny a chelatacnych procesov. Koloidy
okrem inych ldtok su lahko biodegradovatelné mikrobidlnymi procesmi a mdzu hrat
dolezitu dlohu pri pociato¢nom Stddiu bioakumulac¢nej kontamindcie.

9. STREAM SEDIMENTS AND THEIR IMPORTANCE

Stream sediment

Stream sediments are a host medium, both positive and negative, in the natural
environment which can influence in various ways, mainly the quality of natural waters
(underground and surface), soils, biota and through foodchain also humans. Owing
to flood waters and human activities (dredging, etc.), their influence on the environ-
ment is not limited to the stream bed.

From a geochemical point of view, the knowledge of the chemical composition of
stream sediments and the regional distribution of elements (and substances which
they contain) is useful primarily in prospecting and environmental protection.
Furthermore, they are of great importance in water management (quantity and quality
of sediments in water reservoirs, dammed and natural lakes, ponds, etc.) and on the
worldwide scale mainly in deltas of major water courses which carry great amounts
of, often highly contaminated, sediments.

A stream sediment consists of particles derived from rocks or biological materials
from the source area which were transported as a liquid, solid or suspended phase
(inorganic and organic seston) deposited from water. A stream sediment therefore is
a fine-grained bottom sediment accumulated under favourable flow conditions in a
surface water course which is a sensitive indicator of the cumulative effect of water
through the deposition of suspended material and soluble components concentrated
largely by sorption reactions. In comparison with an analysis of water, an analysis of
stream sediments is more suited for a geochemical and environmental evaluation
thanks to the good accumulation properties of stream sediments, notably fine-
grained ones.

Chemical composition of stream sediments

According to the definition of stream sediment, its abiotic component originated from
products of erosional activity, notably rock weathering and subsequent transport,
together with eroded soil profile, towards lower sections of the drainage basin and the
base level where conditions are favourable for their deposition.

Weathering is a physical and chemical disintegration of rocks and minerals on and/or
close to the earth's surface. It is a series of processes which physically and chemical-
ly alter rocks and minerals in such a way that they become re-equilibrated under
changed natural conditions.

During mechanical weathering, rock material is broken up by physical agents into
smaller fragments (having the character of the original rock or minerals) whose
chemical composition is identical with that of the parent rock. Physical processes
responsible for mechanical weathering are as follows:

— freezing,

— pressure release,

— thermal expansion and contraction,

— organism activity.

Chemical weathering is a process when the parent rock is chemically decomposed.
Respective minerals are being decomposed according to their resistance to chemical
weathering whose main agents include atmospheric gases, water and acids. The main
chemical-weathering processes are:

— dissolution,

— oxidation,

— hydrolysis.

The rate of chemical weathering is controlled by several factors, notably particle size,
climatic conditions and the character of parent rocks.

One of the main factors governing elemental contents in stream sediments therefore
is the geological structure and the occurrences of mineral formations and
assemblages (mineral deposits, mainly metal ones) and their weathering products
which make up the geogenic content of a given element in the sediment.

Individual particles making up the sediment originate mostly from two sources:

The first comprises minerals from the source area which came to the stream sediment
through water. The sediment's enrichment may be due to particle deposition, filtra-
tion by organisms and flocculation. In lakes (chiefly gravel pits and oxbow lakes),
heavy metal concentrations are relatively strongly influenced by the decomposition of
organic matter.

The second source are minerals that have originated from processes taking place
inside sediments. Organic-matter decomposition by microorganisms generally
controls the sequence of diagenetic processes and their resulting products through
oxygen consumption (respiration), nitrate and sulphate reduction, and methane
production. The chemical composition of interstitial (pore) waters in sediments is a
highly sensitive indicator of any changes taking place at the contact between the solid
and liquid phase in sediments.

The solid phase which interacts with the dissolved components in natural waters
consists largely of clay minerals, carbonates, quartz, feldspars, accessory minerals
and organic matter. The commonest cements are hydrous oxydes of iron, manganese,
aluminium, clay minerals and organic matter. In general, organic matter, which often
sorbs heavy metals, forms in three ways: 1) from lower organisms such as bacteria
and algae, 2) by aggregating materials of dead plant and animal bodies, 3) organic
matter is sorbed on clay minerals or metal hydroxides. It should be noted, however,
that the differences between these three types of surfaces have not been completely
explained, mainly those in scavenging heavy metals.

An extremely important role in understanding the entire system is played by colloids.
Under continental conditions, a large percentage of natural colloids is made up of
polymers of huminous acids containing functional groups such as COOH, OH,
C=0, NH, and SH,. These colloids mostly carry a negative charge and combine with
metals to form organo-metallic complexes through ion exchange and chelation
processes. Like some other materials, colloids are also readily biodegraded by
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Hlavné faktory, ktoré podmieiiuji obsah kovov v rie¢nych sedimentoch, su tieto:

1. Fyzikélne: zrnitost, plocha povrchu, vymennd kapacita, $pecifickd hmotnost,
magnetické vlastnosti a povrchovy ndboj.

2. Chemicko-mechanické: adsorpcia, zrdZanie, koprecipitdcia, organokovové vizby,
inkorpordcia do krystdlovych mrieZok minerdlov.

3. Charakter pevnej fazy: karbondty, flové minerdly, organickd

hmota, Mn, Fe, Al-hydratované oxidy, sulfidy, silikdty.

Schopnost sorpcie klesd v rade Mn hydroxidy > organickd hmota > Fe hydroxidy
> {lové minerdly a v rdmci flovych minerdlov v rade montmorillonit > vermikulit > il-
lit = chlorit > kaolinit.

Od uvedeného komplexu vlastnosti zdvisi schopnost prenosu produktov zvetrdvania
a migrac¢né schopnosti jednotlivych prvkov, ktoré moZzu byt transportované vo forme
pravého roztoku, koloidov a pevnej fazy. V pravom roztoku migruju také formy
tazkych kovov (prevazne volné iény a komplexy, tak anorganické, ako aj tvorené
huminovymi kyselinami a fulvokyselinami), ktoré su rozpustné vo vode pri danych
termodynamickych podmienkach, najmai teplota a pH. V celom systéme povrchového
toku plati, Ze v rozpustnej forme je najniZSia koncentrdcia kovov v porovnani so
suspendovanymi ldtkami a sedimentmi.

Logaritmus podielu koncentrdcie zloZiek v sedimente a roztoku charakterizuje tzv.
koeficient rozdelenia, ktory je vhodnym parametrom na opisanie sprdvania jedno-
tlivych zloziek. Vplyv na jeho hodnoty okrem rozpustnosti a podobnych vlastnosti
prvkov/zloZiek za predpokladu rovnovdhy medzi sedimentom a roztokom majui aj
granulometricky charakter sedimentu a dprava vzoriek.

Prospekény vyznam rie¢nych sedimentov

Schopnost rie¢nych sedimentov selektivne viazat chemické prvky migrujtice vo vod-
nom prostredi povrchovych tokov a vytvdrat tak ich rozptylové a akumula¢né aureo-
ly — geochemické anomdlie — viedla k vyuZitiu rie¢nych sedimentov na praktickd
aplikdciu geochémie — geochemicku prospekciu. Aplikdciou geochemickych poznat-
kov a geochemickych pracovnych postupov sa vymedzili tseky a oblasti s anomdlnym
obsahom chemickych prvkov, ktory moZe indikovat ich priame koncentraéné zdroje
— loziskd nerastnych surovin. Moderné geochemické prospekéné prace, zahriiajiice
systematické vzorkovanie vybranych geologickych materidlov v pravidelne oriento-
vanych profiloch, po rie¢nych sietach a ticelovo volenych nepravidelnych bodovych
a profilovych odberoch, boli prvy raz rozsiahlejsie pouZité v tridsiatych rokoch v byva-
lom Sovietskom zvdze. V rdmci komplexnych geochemickych prospekénych prac tu
boli rozpracované metodické postupy sledovania obsahu chemickych prvkov v riec-
nych sedimentoch, tzv. geochemickd prospekcia rie¢nych sedimentov. Tito metdda sa
neskor uspesne a vo velkych regiondlnych mierkach pouZila pri vyhladdvani loZisk
nerastnych surovin, najmi rudnych, no taktieZ aj nerudnych surovin so zvldstnym
prvkovym zloZenim (loZiskd fluoritov, barytov, fosfdtov a pod.) prakticky v celom sve-
te.

Metéda geochemickej prospekceie rie¢nych sedimentov nasla a nachddza uplatnenie
najmd v oblastiach s humidnou klimou, s dobre rozvinutou rie¢nou sietou
a v morfologicky dobre roz€lenenych dzemiach. S dspechom sa vSak pouzila vo
vSetkych klimatickych zonach a v rozne modelovanych terénoch. V aridnych oblas-
tiach sa odoberaju vzorky sedimentov v miestach obCasnych tokov v osi ich koryta.
V sucasnosti metdda geochemickej prospekcie rie¢nych sedimentov patri medzi
najpouzivanejsie prospekéné metddy regiondlneho dosahu, a to tak v médlo presku-
manych oblastiach, ako aj v izemiach so znamymi vyskytmi loZisk nerastnych suro-
vin.

Mechanickymi, chemickymi a biologickymi procesmi sa prvky akumuluju v rie€nych
sedimentoch nielen v blizkom okoli primdrneho zdroja prvku (zrudnenie, loZisko), ale
moZu byt odndSané tecicimi povrchovymi vodami aZ na relativne velké vzdialenosti,
desiatky az prvé stovky kilometrov (porovnaj Mapu vyskytov rudnych loZisk Sloven-
ska, obr. 3, s distribuciou jednotlivych prvkov). Koncentrécia prvkov sa so vzdialenos-
tou od zdroja postupne zniZuje. Migra¢ny dosah prvku v rie¢nych sedimentoch byva
podmieneny okrem vnttornych faktorov migrdcie, danych vlastnostami atémov a zlu-
¢enin migrujucich prvkov, aj vonkaj$imi faktormi migrdcie, charakterizujticimi mig-
rac¢né prostredie, najmé termodynamické podmienky prostredia migrdcie prvkov. Na
migra¢ny dosah prvkov maju najvyznamnejsi vplyv geochemické bariéry, t. j. tseky to-
kov, v ktorych na krdtkych vzdialenostiach sa vyrazne obmedzuje migrdcia chemic-
kych prvkov a ich zlicenin. NajdoleZitej$imi a najCastejsie sa prejavujicimi bariérami
su fyzikdlno-chemické bariéry (oxidacné, redukéné, alkalické, kyslé, sorpéné a pod.).
Mensie uplatnenie v prirode nadobudajui mechanické, biochemické a technogénne ba-
Tiéry.

Geochemickd prospekcia loZisk nerastnych surovin pomocou rie¢nych sedimentov sa
pouZiva najméa v regiondlnych az strednych mierkach (1 : 200 000 - 1 : 25 000). Jej
vhodnost na prospekéné ucely je podmienend Sirokym komplexom povodu chemic-
kych prvkov viazanych v riecnom sedimente, a teda aj Sirokou komplexnostou
geochemickych anomadlii prvkov v rie¢nych sedimentoch. V rie¢nych sedimentoch
vdaka vysokej sorpénej kapacite ich flovitej zloZky, organickej hmoty, no taktieZ oxidov
a hydroxidov Zeleza, mangdnu a hlinika dochddza k sorpcii a zrdZaniu prvkov z povr-
chovych vod a prestupujicich podzemnych vod. Okrem toho sa v nich akumuluji
prvky z produktov zvetrdvania hornin a pdd, a to tak drobné relikty a produkty ich
zvetrdvania, ako aj produkty ich migrédcie vo vodnom prostredi.

V geochemickej prospekcii je velmi dolezitd otdzka vyberu vhodnej zrnitostnej frakcie
sedimentu na analyzu. NajcastejSie sa pouZiva frakcia jemnejSia ako 80 mesh (<0,12
mm), ziskand sitovanim vzoriek, a to po ich vysusen{i alebo za mokra (priamo v teré-
ne). V oboch pripadoch sitovania vzorky su ziskané prakticky rovnaké vysledky.
Ucinnost geochemickej prospekcie rie¢nych sedimentov je podmienend najméi sprav-
nym vyberom indika¢nych prvkov — geochemickych vyhladdvacich priznakov. Zvoleny
komplex sledovanych indikacnych prvkov by mal zahfilat nielen prvky — priame
indikdtory zndmych typov loZisk nerastnych surovin, ale svojou $kdlou by mal pokryt

microbe action and may play an important role in the initial stage of bioaccumula-
tion contamination.

The principal factors governing metal contents in stream sediments are as follows:
1. Physical: grainsize, surface area, exchange capacity, specific gravity, magnetic
properties and surface charge.

2. Chemical-mechanical: adsorption, precipitation, co-precipitation, organo-metallic
bonds, incorporation into crystal lattices of minerals.

3. Character of the solid phase: carbonates, clay minerals, organic matter, hydrous
Mn, Fe and Al oxides, silicates.

The sorption capacity of stream sediments declines from Mn hydroxydes to organic
matter to Fe hydroxides and to clay minerals. The latter in descending order of
sorption capacity are montmorillonite, vermiculite, illite = chlorite, kaolinite.

The above properties control the capacity to transport weathering products and
migration capacities of respective elements which can be transported in the form of a
true solution, colloids or solid phase. True solution is a migration medium of those
forms of heavy metals (largely free ions and complexes, either inorganic or huminous
acids and fulvoacids) which are soluble in water under given thermodynamic
conditions, notably temperature and pH. Throughout the surface stream system,
metal concentrations in the soluble form are lower than those in suspension and
sediments.

The logarithm of the component concentration in sediment and in solution charac-
terizes the so called distribution coefficient which is a suitable parameter to decribe
the behaviour of respective components. Apart from the solubility and similarity in
properties of respective elements or components, the values of their distribution
coefficient are influenced also by the granulometric character of the sediment and
sample processing on condition that the sediment and the solution are equilibrated.

Prospecting importance of stream sediments

The ability of stream sediments to selectively scavenge chemical elements migrating
in the aqueous environment of surface streams and to form their dispersal and
accumulation haloes - geochemical anomalies has been employed in a practical
application of geochemistry - geochemical prospecting. Geochemical knowledge and
geochemical techniques have been applied to outline tracts and areas with anomalous
contents of chemical elements which can indicate their direct sources - mineral
deposits. Modern geochemical prospecting involving systematic sampling of selected
geological materials along regular profiles, streams and along irregular profiles or in
irregular point grids was first used on a large scale in the 1930s in the former
USSR. As part of complex geochemical prospecting, techniques were developed to
monitor elemental contents in stream sediments, i.e. so called stream-sediment
geochemical prospecting. This method was later successfully used in large-scale
prospecting for minerals, notably metallic ores, but also for nonmetallics of special
elemental composition (deposits of fluorite, baryte, phosphate, etc.) virtually all over
the world.

Stream sediment geochemical prospecting has been applied mainly in regions with a
humid climate, well developed drainage pattern and topographically well dissected.
But, to a lesser extent, it has been successful in all climatic zones and in terrains of
any topography. In arid regions, sediment samples are collected from intermittent
streams in the axis of their stream-bed. Stream sediment geochemical prospecting
now ranks among the most widely used regional-scale prospecting techniques in
poorly explored areas as well as in areas with known mineral occurrences and
deposits.

Mechanical, chemical and biological processes accumulate elements in stream
sediments not only in the vicinity of their primary source (mineralization, deposit),
but also far away from it since flowing surface waters can carry elements for tens or
even first hundreds of kilometers (compare the Map of ore occurrences and deposits
in Slovakia in Fig. 3 with the distribution of respective elements). The concentrations
of elements gradually decrease with the increasing distance from the source. Apart
from the internal factors of migration resulting from the properties of atoms and
compounds of migrating elements, the migration range of an element in stream
sediments is controlled also by external migration factors characterizing the
migration environment, mainly thermodynamic conditions of the migration environ-
ment. The migration ranges of elements are most strongly influenced by geochemical
barriers, i.e. short sections of streams in which the migration of chemical elements
and their compounds abruptly falls. The most significant and most widespread
barriers are physico-chemical (oxidizing, reducing, alkaline, acid, sorption, etc.).
Mechanical, biochemical and technogenic barriers are of lesser importance in nature.
Stream sediment geochemical prospecting for mineral deposits is carried out mostly
on a regional or medium scale (1 : 200,000 - 1 : 25,000). The selection of the best
sampling scale depends upon the variety of origins of chemical elements in stream
sediments and therefore also upon the wide variety of geochemical anomalies in
stream sediments. Owing to the high sorption capacity of their clay minerals, organic
matter, oxides and hydroxides of iron, manganese and aluminium, stream sediments
sorb and precipitate elements from surface waters and inflowing ground waters. They
also accumulate elements from rock and soil weathering products either as fine relics
of weathering or products of their migration in an aqueous environment.

The selection of the most suited sediment grain fraction to be analysed is extremely
important in geochemical prospecting. The most widely used fraction is minus 80
mesh (< 0.12 mm) obtained by screening of samples, either dry or wet (in the field).
Regardless of the sieveing method used, samples yield virtually identical results.

The effectiveness of stream sediment geochemical prospecting depends upon the
selection of suitable elements indicative of geochemical and prospecting manifesta-
tions. The selected complex of analysed pathfinder elements should include not only
elements - direct indicators of the known types of mineral deposits, but also a wider
elemental association that is expected in the investigated territory on the basis of its



Sirsiu asocidciu, ktoru na zdklade geologickej stavby a metalogenetického vyvoja moz-
no v hodnotenom tzemi predpokladat. Sledované indikacné prvky, ¢i uz ako priame
alebo nepriame vyhladdvacie priznaky loZisk nerastnych surovin, je potrebné zaddvat
aj s ohladom na ich informa¢nu hodnotu, ktord je dand Specifickostou geochemic-
kého vyznamu prvku v jednotlivych typoch zrudnenia.

Postupy pouZzivané pri prezentovani a interpretdcii geochemickych tdajov v prospek-
cii st podobné ako v ostatnych geochemickych prospekénych metédach (litogeo-
chemickd prospekcia, metalometria, hydrogeochemickd prospekcia a pod.).
V sucasnosti je na hodnotenie prospekénych informdcii z geochemickych anomadlif
velké mnoZstvo pracovnych postupov. Pri kvantitativnom hodnoteni geochemickych
anomdlii sa vychddza z predpokladu relativne tesnej zdvislosti obsahu prvku
v geochemickej anomdlii od jeho obsahu vo vychode primdrneho loZiska. Pri kvanti-
tativnom hodnoteni geochemickych anomalii v rie¢nych sedimentoch sa stanovuju
miesta prvého a posledného vstupu obohateného materidlu do vodného toku a celko-
vd produktivita geochemickych aureol, ktoré moZzno v danom tseku povodia ocakd-
vat.

Napriek skutocnosti, Ze metéda rie¢nych sedimentov je vo svete jednou z najuZivanej-
Sich prospekénych metdd, na Slovensku sa vyuZivala v regiondlnej mierke len vo vel-
mi obmedzenej miere. Metédou rie¢nych sedimentov bolo prospekéne zhodnotenych
len niekolko oblasti Spi§sko-gemerského rudohoria.

Environmentdlny vyznam rie€nych sedimentov

Distribticia prvkov v jednotlivych sférach Zeme nie je ndhodnd, ale kontrolovand
fyzikdlno-chemickymi podmienkami a parametrami, ktoré sa postupne spozndvali
prostrednictvom progresivne sa rozvijajticej vednej discipliny — geochémie. V §irSom
zmysle slova ndpliiou geochémie je sledovanie distribticie prvkov a ich izotopov v at-
mosfére, hydrosfére, zemskej kore, pldsti a jadre. Vo vztahu k biote a ¢loveku md
dominantny vyznam povrchovd zloZka prirodného prostredia, tzv. technosféra. T4 sa
stala objektom intenzivneho skimania v dosledku vplyvu na populaénui expléziu,
sociockonomicky, hospoddrsky a technicky rozvoj a s tym stivisiace problémy spraco-
vania surovin a ndslednej kontamindcie prirodného prostredia.

Jednym z najnegativnejSich a zrejme aj najnebezpecnejsich vplyvov ¢innosti ¢loveka
na geologicku zloZku Zivotného prostredia je rozsiahla kontamindcia prirodnych vod,
pod, recentnych sedimentov a hornin anorganickymi a organickymi chemickymi lat-
kami, ktoré ndsledne negativne vplyvajui na charakter krajiny, biotu a ¢loveka. Roz-
siahla kontamindcia prirodného prostredia lokdlneho, regiondlneho az globdlneho
charakteru vyvolala potrebu Studovat zmeneny kolobeh environmentédlne vyznam-
nych prvkov, a tak podmienila vznik a rozvoj novej vednej discipliny, environmentdl-
nej geochémie.

Environmentdlna geochémia sa zaoberd komplexom interakcii v systéme hornina
- poda — voda - atmosféra — Zivot, skiima primdrne a sekunddrne faktory vplyvajtice
na zdroje, disperziu a distribticiu prvkov v prostredi, ich prepojenie do potravinového
retazca vrdtane jeho najdolezitejSieho ¢ldnku — vody — a s tym spojené potencidlne ne-
gativne vplyvy na rastliny, ZivoCichy a ¢loveka. Jednym z najdoleZitejSich vstupnych
udajov je tzv. environmentdlne vyznamny obsah (koncentrdcia) prvku. Pod tymto
vyrazom chdpeme taky obsah prvkov, ldtok a zloZiek v takej forme, ktoré indikuju
znecistenie Zivotného prostredia antropogénneho aj geogénneho povodu a ktoré mo-
7u mat negativny vplyv na prirodny ekosystém. Ich indikacné hodnoty sui dané
environmentdlnymi $tandardmi, normami, kritickymi, resp. maximdlnymi koncentra-
ciami uddvanymi pre jednotlivé abiotické médid Zivotného prostredia a tieZ stanove-
né experimentdlnymi Stidiami, resp. Statistickou analyzou a modelovanim. Okrem
sledovania samotného obsahu kontaminantov v geologickom prostredi ulohou
environmentdlnej geochémie je aj zistovanie a urovanie ich povodu — geogénneho aj
antropogénneho, podmienok a foriem migrdcie, foriem vyskytu, miery toxicity, rizika
a podmienok ich akumuldcie a redistribticie v rozlicnych zloZzkdch geologického
prostredia.

Environmentdlna geochémia sa a priori nezaoberd geovednymi témami v uzSom
zmysle slova, ale je odkdzand na uzku spoluprdcu s pribuznymi a v niektorych pripa-
doch aj zdanlivo vzdialenej$imi disciplinami. Napriklad v rdmci biologickych vied nie
je v popredi jej zdujmu organizmus a jeho spolocenstvd, ale jeho Zivotny priestor
ovplyvneny prirodzenymi a antropogénne podmienenymi procesmi.

Z uvedeného vyplyva, Ze environmentdlna geochémia je multidisciplindrny vedny od-
bor, jednoznacne zaloZeny na timovej spoluprdci Sirokého okruhu $pecialistov niclen
ndrodného, ale aj medzindrodného charakteru. Jej dynamicky rozvoj a doleZitost
v praxi uz v sicasnosti mozeme dokumentovat tym, Ze sa rozvija aj k zdanlivo odta-
Zitym disciplinam, ako je medicina (geomedicina), hygiena (geohygiena), tizemné
pldnovanie a pod., a mozZno hovorit o aplikovanej environmentdlnej geochémii.

7 hladiska distribucie prvkov sa v geochémii vy¢lefiuju na rozne ucely pozitivne a ne-
gativne anomdlie, vyhladdvacie prospekéné priznaky, kritérid a pod. Jednym zo
zdkladnych atributov environmentdlnej geochémie je stanovenie environmentdlne
vyznamnej koncentrdcie prvkov/zloZiek, ich hodnot pozadia a kritickych hodnot. V pre-
vaznej miere sa uddva z roznych hladisk maximédlne pripustny obsah, ktory je aj po le-
gislativnej strdnke kontrolovatelny a zavdzujici. Na druhej strane, doleZité su aj
negativne environmentdlne koncentrdcie a kritérid (rozlicné sumy a pomery prv-
kov), ako napr. obsah E I, alebo kritické zdtaZe a ich prekrocenia a pod. V mnohych
pripadoch je tento obsah velmi nizky a pribliZzuje sa hodnotdm detekénych limitov
be7ne pouZzivanych analytickych technik a metéd. Tu zohrdva vyznamnu ulohu
analytickd chémia, rozvoj analytickych technik a v nemalej miere aj novy pristup
k analytickym postupom, ktoré vyznamnou mierou prispievaju k stanoveniu foriem
vyskytu prvkov, ich biodostupnej koncentrdcii pomocou sekvenénych vyluhov a testov
toxicity najméa v podach, rie¢nych sedimentoch, ale aj inych negeologickych materid-
loch (dlety, kaly, rozlicné druhy odpadu a pod.).

geological structure and metallogenic history. The analysed indication elements as
direct or indirect pathfinders for mineral deposits should be selected also with regard
to their infornative value which depends upon the specific geochemical importance of
a given element in respective types of mineralization.

Procedures used to present and interpret stream-sediment prospecting data are
similar to those used in the other geochemical prospecting techniques (lithogeo-
chemical, soil, hydrogeochemical surveys, etc.). Prospecting data on geochemical
anomalies are currently evaluated by a number of procedures. Quantitative evalua-
tion of geochemical anomalies is based upon the assumption that the concentration
of a given element in a geochemical anomaly depends relatively closely upon its
content on the outcrop of the primary deposit. Quantitative assessment of drainage
geochemical anomalies reveals the place of the first and the last entry of an enriched
material into the water course and the total productivity of geochemical haloes which
can be expected in a given section of the drainage basin under investigation.
Although stream sediment survey is one of the most widely used prospecting
techniques worldwide, in Slovakia it had been used on a regional scale only in a very
limited extent. The technique had been used only in prospecting evaluation of some
areas in the SpiSsko-gemerské rudohorie Mts.

Environmental importance of stream sediments

Elemental distribution in the earth's respective spheres is not random, but controlled
by physico-chemical conditions and parameters which have gradually been
recognized through the progressively developing science of geochemistry. Broadly
speaking, the mission of geochemistry is to study the distribution of elements and
their isotopes in the atmosphere, hydrosphere, earth's crust, mantle and core. As for
the relationship to biota and man, the surficial component of the natural environment
is of prime importance. Referred to as the technosphere, it has been subject to
extensive research as a response to the population explosion as well as the socio-
economic, economic and technical development and related problems of raw-materi-
al processing and subsequent contamination of the natural environment. One of the
worst and probably also the most dangerous impacts of human activities upon the
geological component of the environment is the extensive contamination of natural
waters, soils, recent sediments and rocks with inorganic and organic chemical
substances which adversely affect the character of the country, biota and man. The
extensive contamination of the natural environment on the local, regional to
worldwide scale has made it necessary to study the changed circulations of environ-
mentally important elements, which in turn has given rise to and promoted further
development of a new scientific discipline - environmental geochemistry.
Environmental geochemistry studies a complex of interactions in the rock-soil-water-
atmosphere-life system and investigates primary and secondary factors influencing
the sources, dispersion and distribution of elements in the environment as well as
their role in the foodchain including its key segment - water and associated potential
adverse impacts upon plants, animals and man. One of the salient input data is the
so-called environmentally significant content (concentration) of an element. This
term denoted the contents and forms of elements, substances and components
indicative of environmental contamination of man-made or geogenic origin which
can adversely affect natural ecosystems. Their indicative values are given in environ-
mental standards, norms, critical and maximum concentrations in respective abiotic
media of the environment or have been determined by experimental studies and/or
statistical analyses and modelling. In addition to studying the contents of contami-
nants in the geological environment, environmental geochemistry also investigates
the process of contamination and identifies its origin (geogenic or man-made),
conditions and forms of migration, forms of occurrence, toxicity levels, hazards and
conditions of contaminant accumulation and redistribution in various components of
the geological environment).

Rather than dealing with a broader spectrum of issues studied by the other
geosciences, environmental geochemistry closely cooperates with related and in some
instances also with seemingly unrelated scientific disciplines. For example, the
cooperation of environmental geochemistry with biological sciences focuses mainly
on the living environment affected by natural and man-made processes rather than on
the organism and its associations. This suggests that environmental geochemistry is
a multidisciplinary science based upon team cooperation of a wide range of experts,
both domestic and foreign. The science's dynamic current development and
importance can be documented by its relationship with seemingly unrelated
disciplines, such as medicine (geomedicine), hygiene (geohygiene), land-use
planning, etc. This relationship can be referred to as applied environmental geochem-
istry. As for elemental distribution, geochemistry outlines for various purposes
positive and negative anomalies, prospecting manifestations, criteria, etc. One of the
main tasks of environmental geochemistry is to determine environmentally significant
concentrations of elements/components as well as their background and critical
values. After judging several aspects, environmental geochemistry determines
mandatory maximum permissible contents that can be checked. On the other hand,
negative environmental concentrations and criteria (total contents and ratios of
various elements, e.g. F or I contents, critical levels and above-critical contents) are
also environmentally important. These levels are often very low, close to the detection
limits of routinely used analytical techniques and methods. Analytical chemistry,
development of analytical techniques and, last but not least, also a new approach to
analytical procedures have considerably contributed to recognizing the forms of
elemental occurrences and biologically available concentrations (through sequential
leachates and toxicity tests chiefly in soils, stream sediments, but also other nongeo-
logical materials, such as emissions, sludges, waste of various kinds, etc.).
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7 hladiska stanovenia environmentdlne vyznamného obsahu prvkov/zloZiek na

hodnotenie zdrojov kontamindcie a ich intenzity existuje v sic¢asnosti niekolko pristu-

pov, a to:

— legislativny,

— urenie koncentrécie pozadia, resp. predindustridlnej (predcivilizacnej)
koncentracie,

— aplikdcia Statistickej analyzy,

— kombinovany,

— geochemicky.

Pri legislativnom pristupe sa vychddza z porovnania nameranych redlnych hodnot
celkovej koncentrécie sledovanych parametrov s medznymi (limitnymi) hodnotami
v prislusnych normdch, urcenych pre jednotlivé zloZky geologického prostredia (na
Slovensku napr. STN 75 7111, Pitnd voda - pre podzemné vody; Rozhodnutie MP SR
¢. 581/94-540 — pre pody a pod.). Ako environmentdlne vyznamny obsah sa vy¢letiu-
je obsah prevy3Sujuci (pripadne nedosahujici) v mensej miere medzné hodnoty. Urci-
tou nevyhodou tohto postupu je, Ze v sicasnosti analyticky sledovand $kdla prvkov
a zloZiek byva ¢asto rozsiahlejSia ako ich $kdla v jednotlivych normdch. V niektorych
pripadoch normované hodnoty (ktoré su vacsinou nepriamo alebo experimentdlne
odvodené od dennej ddvky na priemerni hmotnost ¢loveka, od letdlnej davky LD,
doby expozicie, resp. koncentrdcie, pri ktorej dochddza k dhynu alebo deformdcidm
rastlin a Zivo¢ichov) nevystihuji vZdy problematiku antropogénneho znecistenia. Pri-
kladom sd normované hodnoty zinku 5 mg.I"! a chloridov 100 mg.I"' v STN 75 7111,
Pitnd voda. V pripade zinku je problém ndjst na Slovensku vodu s takymto vysokym
obsahom. V pripade chloridov v nasich podmienkach obsah nad 10 mg.I"!, s vynim-
kou hlbsicho obehu vad v terciérnych sedimentoch, je vZdy indikdtorom sekunddrneho
znecistenia. Treba podotknut, Ze legislativny pristup md viac-menej charakter zdklad-
nej environmentdlnej informédcie a nehovori napriklad o biopristupnosti prvkov uva-
dzanych v prislusnych normdch, ktord ddva impulz na podrobnejsi environmentdlny
geochemicky vyskum a hodnotenie.

Urcenie koncentrdcie pozadia, resp. predindustridlneho obsahu prvkov je jednym
z dolezitych krokov v environmentdlnom geochemickom vyskume, pretoZe vytvdra
dobré porovndvacie hodnoty v dalSom postupe. Pri urovani tychto hodnot sa mozu
vyuZzivat postupy, zjednodusene zhrnuté takto:

— priemerné zloZenie flovitych bridlic, pouZité ako globdlna Standardnd hodnota;

— fosilne vodné sedimenty z definovaného prostredia pri aplikdcii

— podmienok autochtonity a alochtonity a mechanizmov regiondlnych vplyvov;

- recentné sedimenty z relativne nekontaminovanych regionov;

— datované jadrd sedimentov poskytujuice historicky zdznam o vplyvoch a zmendch,
ktoré sa vyskytli v sledovanom povodi a su inventarizované v sedimente.

Uvedené $tyri postupy maju svoje vyhody i nevyhody a ich aplikdcia zdvisi od konkrét-
nych prirodnych pomerov a ciela vyskumu. Vysledné hodnoty pozadia st cCasto
ovplyvnené prevahou urcitého horninového litotypu, tzv. litogénnym vplyvom, vysky-
tom rudnych a minerdlnych asocidcif a pod.

Aplikdcia rozli¢nych Statistickych analyz sa pouZiva na urcenie hodnodt pozadia (lo-
kdlny, resp. regiondlny fén) a na stanovenie vplyvu prirodného prostredia na koncen-
trdciu pozadia, t. j. do istej miery rozliSenie geogénnych a antropogénnych vplyvov.
Matematicko-$tatisticky pristup vy€leiiovania environmentdlno-geochemicky
vyznamného obsahu a anomdlif je obdobny, ako sa vyuZival a vyuZiva v prospekénej
geochémii. Spociva v uréeni strednych, resp. upravenych strednych hodnot
a smerodajnej odchylky. Tento postup je vhodné pouzit najma v pripade prvkov a zlo-
Ziek, pre ktoré nie st definované medzné hodnoty v prislusnych normdch (napr. Sb
v sedimentoch), a v pripadoch hodnotenia takychto zloZiek geologického prostredia,
pre ktoré nie su k dispozicif legislativne normy (napr. horniny, sneh a pod.).

Na odliSenie geogénneho a antropogénneho vplyvu na hodnotu pozadia sa z metod
Statistickej analyzy pouZiva najcastejsie:

— vypocet korelaénych koeficientov; poukazuje na spolo¢ny zdroj prvkov — napr. ak
Zn, Pb, Cd a Hg vykazujui koreldciu s organickym uhlikom, naznacuje to ich
antropogénny povod; nutny je v§ak prisne odborny pristup, pretoZe napr. v pripade
¢iernych bridlic uvazovand koreldcia nadobuda uplne iny vyznam;

— clustrovd analyza;

— multivaria¢né Statistické metody, napr. faktorovd analyza a pod.

Kombinovany pristup vychddza v prevaznej miere z legislativnych a Statistickych
postupov, kde si v matematickej forme spojené medzné hodnoty s absolitnou
koncentrdciou sledovanych prvkov. Jednym z takychto parametrov je aj index
kontamindcie v roznych variantoch, ako napr. index geoakumuldcie a pod.

Jednou z dalSich kategdrii metdd je tzv. geochemicky pristup. Spociva v hodnoteni
environmentdlne vyznamného obsahu a vychddza z ohodnotenia koncentrdcie prvkov
v skiimanej zloZke geologického prostredia (vody, pody, sedimenty a pod.) z hladiska
toho, ¢i je ich obsah adekvdatny danym prirodnym podmienkam ich vzniku, teda ¢i
zodpovedd prirodnym geologickym procesom tvorby chemického zloZenia v danych
podmienkach. Tento pristup si vyZaduje podrobnu analyzu geochemickych procesov
jednotlivych zloZiek geologického prostredia s predpokladanym kvantitativnym ucin-
kom geochemickych procesov. Je velmi vhodny najméa na rozlienie podielu antropo-
génne podmieneného obsahu kontaminantov a umozZiiuje najvhodnejSie hodnotit
podiel antropogénneho znecistenia geologického prostredia. Tento pristup je vhodné
pouZivat najmé v pripadoch, ked obsah kontaminantov nedosahuje limitné hodnoty
legislativnych noriem, ich obsah vSak zjavne prevySuje koncentrdciu, ktord moZno
predpokladat v danom geologickom prostredi.

Rie¢ne sedimenty mozu byt vSeobecne potencidlnym akumuldtorom plynnych,
kvapalnych aj pevnych kontaminantov z bodovych, liniovych a plosnych zdrojov
znecistenia. Z hladiska geografickych a demografickych podmienok Slovenska, kde
urbanistické celky a priemyselné centrd su sustredené najmi do niZinnych oblasti
a medzihorskych depresii, podobne polnohospoddrske aktivity, v mnohych pripadoch

Several approaches or philosophies are presently employed to determine environ-
mentally significant contents of elements/components for the evaluation of the
sources and intensity of contamination. The approaches are:

— legislative

— determination of background or pre-industrial (pre-civilization) concentration,

— application of statistical analysis,

— combined,

— geochemical.

The legislative approach is based upon a comparison between measured actual total
concentrations of evaluated parameters and threshold (limit) values given in
standards applicable to the respective components of the geological environment (in
Slovakia e.g. Slovak technical standard no. 75 7111 Drinking water - for groundwa-
ters; Slovak Agriculture Ministry's ruling no. 581/94-540 - for soils, etc.). Contents
above (or below) limit levels are regarded as environmentally significant. This
approach is handicapped by the fact that the spectrum of analytically detectable
elements and components is frequently wider than the spectrum dealt with in environ-
mental standards. Moreover, some standard levels (mostly indirectly or experimen-
tally derived from the daily dose per the average man's weight, lethal dose LD50,
exposure time or concentration causing death or deformations of plants and animals)
are not always suitable for man-made pollution. The maximum permissible values of
Zn (5 mg.I") and chlorides (100 mg.I"") according to the Slovak technical standard 75
7111 Drinking Water are a good example. Waters containing more than 5 mg.I'' Zn
can hardly be found in Slovakia, whereas chloride concentrations over 10 mg.l"!
always indicate secondary contamination except for waters circulating in Tertiary
sediments at greater depths. It is worth mentioning that the legislative approach has
more or less the character of a basic environmental information and does not deal
with the biological availability of elements mentioned in standards which merits more
detailed environmental geochemical research and evaluation.

The determination of background or pre-industrial elemental contents is an
important step in environmental geochemical research as it provides a good basis for
comparisons during follow-up investigations. These values can be identified by
techniques which, in a simplified manner, are described as follows:

— average composition of shales applicable as a global standard value,

— fossil sediments laid down in a defined subaquatic environment, applying the
conditions of autochthonous or allochthonous origin and regional-effect
mechanisms,

- recent sediments from relatively uncontaminated regions,

— dated drillcores of sediments that provide a historical record of effects and changes
in the investigated drainage basin which left their imprints in the sediment.

Each of these four techniques has its advantages and disadvantages, and its applica-
tion depends upon specific natural conditions in the site to be investigated and upon
the research objectives. The resulting background values are often influenced by the
predominance of a certain rock type (so-called lithogenic effect), occurrence of ore
and mineral assemblages, etc.

A number of statistical analyses are employed to determine background values (local
or regional background) and the effect of the natural environment upon background
concentration, i.e. to partly distinguish geogenic and man-made effects.

The mathematic-statistical approach in modelling environmentally-geochemically signif-
icant contents and anomalies is similar to that applied in prospecting geochemistry. It
determines mean and/or modified mean values and standard deviations. This approach
is recommended mainly for elements and components whose limits are not determined in
standards (e. g. Sb in sediments) and for the evaluation of those components of the
geological environment that are not dealt with in legislation (e. g. rocks, snow, etc.).
Statistical-analysis techniques most widely used to distinguish geogenic and man-
made effects upon background values are as follows:

— calculation of correlation coefficients, which indicates a joint source of elements.
E.g.if Zn, Pb, Cd and Hg display correlation with organic carbon, they are probably
of man-made origin. However, such correlations should be strictly reviewed, since,
e.g., the above-mentioned correlation in black shales has a completely different
meaning.

— cluster analysis,

— multivariant statistical methods, e.g. factor analysis, etc.

The combined approach is mostly based upon the legislative and statistical
procedures which mathematically combine the limit values with the absolute concen-
trations of evaluated elements. One of these parameters are the various versions of
the contamination index, e.g. geoaccumulation index, etc.

The geochemical approach is a separate category. This technique assesses environ-
mentally significant elemental contents relative to the elemental concentrations in the
investigated component of the geological environment (waters, soils, sediments, etc.).
It determines whether the elemental contents are adequate to the natural conditions
of their formation, i.e. whether they correspond to the natural geological processes
forming chemistry under local conditions. This approach entails a detailed analysis
of geochemical processes taking place in the respective components of the geological
environment and an assumed quantitative effect of the geochemical processes. It is
particularly suitable to distinguish man-made contaminants from natural ones and to
estimate the proportion of man-made contamination in the geological environment.
This approach is applicable mainly when contaminant contents are below limits
determined by legislation, but obviously exceed concentrations which can be expect-
ed in the local geological environment. In general, stream sediments may potentially
accumulate gaseous, liquid and solid contaminants from point, linear and areal
sources of pollution. Owing to the geographical and demographic conditions in
Slovakia where major towns and industrial centres concentrate largely in lowlands
and intermontane depressions, and farming is widespread in lowlands and higher



aj do vyssich poloh, recipientmi a akceptormi kontamindcie byvajui najméa povrchové
toky. Charakter a chemické zloZenie kontaminantov mozu byt roznorodé, tak
anorganické, ako aj organické. Pomer medzi rozpustenymi a pevnymi fdzami konta-
minantov je v prvom rade zdvisly od charakteru vstupu a ndsledne od interakcif jed-
notlivych ¢asti Zivotného prostredia. Napriklad kadmium sa dostdva do prirodného
prostredia z pevnych materidlov (pigmenty, fosfatové hnojivd, kaly a pod.) priblizne
v 10-ndsobne vys$sej koncentrdcii ako v rozpustenej forme (Pb-Zn bane, Cistiarne
splaskovych vod, odpad z vyroby batérif a pod.). Toto konsStatovanie nadobuida plat-
nost najma vtedy, ked z dovodu krdtkeho ¢asu zdrZania prvku/zloZky nenastdva rov-
novdha medzi kvapalnou a pevnou fdzou vo vodnom systéme.

Okrem charakteru, fyzikdlno-chemickych a chemickych vlastnosti kontaminantov je
stlpcom a sedimentmi — sorpcia. Ide o pomerne zloZity proces, ktory prebiecha pravde-
podobne vo viacerych stupfioch. Prvy je rychly (cca 1 hod.) a v pripade kovov sa
adsorbuje takmer ich cely obsah a nasleduje druhy, pomaly proces, trvajuci aj niekol-
ko dni, ked prebiecha difdzia do pevného substrdtu. Treba v§ak poznamenat, Ze kineti-
ka tychto procesov dosial nie je tplne preskiimand a v prirodnych podmienkach je
podmienend najméa hydrologickymi a chemickymi pomermi. Podobne vyskum rever-
zibility adsorp¢nej rovnovédhy tazkych kovov ukdzal, Ze ich vlastnosti v prirodnych
podmienkach su iné ako vysledky laboratérnych experimentov a mozno povedat, Ze
redukovand reverzibilita kovov je zapriCinend najméa procesmi hydrolyzy a $pecifickej
adsorpcie. Dalsfmi vyznamnymi procesmi, resp. faktormi, ktoré vplyvaju na rozdelo-
vaci koeficient, su biogénna aktivita (biokoncentrdcia), klimatické, geochemické (lito-
génne efekty, zvetrdvanie a pod.) a sezénne zmeny.

Velmi dolezité su aj faktory, ktoré sposobujui mobilitu kontaminantov viazanych na
Castice sedimentov, na ktoré su viazané tazké kovy. Vo vztahu k mobilite, t. j. faktoru,
ktory zvySuje koncentrdciu kovov vo vode, mdzZzeme vyc€lenit nasledujice procesy:
acidifikdciu, spodsobentd najmd zvySenou Kkyslou depoziciou a vytokmi Kyslych
banskych vod, zvySenud salinitu vod, pritomnost cheldtov ako NTA a EDTA,
biometyldciu ako vyznamny biogeochemicky fenomén s vplyvom najmi na Hg, As
a Sn, oxida¢no-redukéné procesy s vplyvom na kovy viazané najma vo forme sulfidov.
Vyiskum a hodnotenie rie¢nych sedimentov su vSeobecne stistredené do Styroch etdp,
ktoré moZno zhrnut takto: 1. distribucia prvkov/zlozZiek a identifikdcia zdrojov, 2. po-
znanie zdkonitosti pevnd fdza/roztok, 3. Stidie mechanizmov prenosu prvkov/zloZiek
do biologickych systémov, 4. hodnotenic environmentdlneho impaktu. Uvedend
orientdcia vyskumu a hodnotenia rie¢nych sedimentov vyplynula z ich narastajiceho
trendu kontamindcie (najmi v oblastiach delt, morskych a jazernych sedimentov
a rie¢nych sedimentov najma Ryna, TemZe, Labe a pod.) a v niektorych pripadoch aj
z mortality bioty a nepriaznivych zdravotnych ucinkov na ¢loveka prostrednictvom
potravinového retazca.

Na Slovensku su vyskum a hodnotenie sedimentov prakticky v prvej a ¢iastocne dru-
hej etape uvedenej schémy, orientované na regiondlne geochemické mapovanie
sedimentov s cielom zistit distribuciu prvkov a identifikovat ich geogénne, resp. antro-
pogénne podmienené anomadlie a hodnoty pozadia .
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altitudes, contamination ends up primarily in surface streams. The character and
chemical composition of both inorganic and organic contaminants are varied. The
soluble-to-insoluble-contaminant ratio depends mostly upon the character of
incoming substances and upon ensuing interactions with respective parts of the
environment. For instance, the amount of cadmium entering the natural environment
in a solid form (dyes, phosphate fertilizers, sludges, etc.) is ten times greater than that
in a liquid form (Pb-Zn mines, waste-water purification plants, wastes from battery
production, etc.). This fact is particularly important when an element or substance
travels through the aqueous system so fast that the liquid and solid phase have not
time enough to equilibrate.

Apart from the character, physico-chemical and chemical properties of contaminants,
another key factor is sorption, i.e. a process controlling the exchange of chemical
substances between water column and sediments. The process is fairly complicated,
probably composed of several stages. The first one is short (ca. 1 hour), but it adsorbs
nearly the entire amount of metals. It is followed by a second, slow process lasting up
to several days, when substances from water diffuse into a solid sediment. The
kinetics of these processes has not yet been fully explained, but in nature it is
controlled largely by hydrological and chemical conditions. Similarly, research of the
adsorption-balance reversibility of heavy metals has shown that their properties in
nature differ from those in laboratory experiments, and hence metals' reduced
reversibility stems mainly from the processes of hydrolysis and specific adsorption.
Further important processes or factors governing the distribution coefficient include
biogenic activity (bioconcentration), climatic, geochemical (lithogenic effects,
weathering, etc.) and seasonal changes.

Factors causing mobility of heavy-metal contaminants bound to sediment particles
are extremely important, too. These factors, which increase metal concentrations in
water, include two processes: 1) acidification, chiefly due to increased acid deposi-
tion, inflows of acid mine waters, presence of chelate complexes such as NTA and
EDTA, biomethylation as a major biogeochemical phenomenon influencing mainly
Hg, As and Sn; 2) oxidizing-reducing processes affecting metals mainly in the form
of sulphides.

Research and evaluation of stream sediments generally consist of four stages which
can be summarized as follows:

1. element/component distribution and source identification,

2. recognition of solid-phase/solution principles and regularities,

3. study of transfer mechanisms of elements/components into biological systems,

4. evaluation of environmental impact.

These stages in stream sediment research and evaluation have stemmed from the ever
increasing contamination (primarily in deltas, marine and lacustrine sediments,
fluvial sediments, notably of the Rhine, Thames, Elbe, etc.) and in some cases also
from biota mortality and the adverse impact upon human health through foodchain.
Sediment research and evaluation in Slovakia have reached the first and partly the
second stage of the above scheme. They are aimed at regional geochemical mapping
of sediments in order to identify the distribution of elements and their geogenic and
man-made anomalies as well as background values.
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10. Vysledky geochemického mapovania

V Geochemickom atlase Slovenska, ¢ast VI: Rie¢ne sedimenty je opisand distribucia
35 prvkov prostrednictvom monoprvkovych mdp a ich struénd geochemickd charak-
teristika.

Obsah prvkov je Studovany vzhladom na geologicki stavbu Zdpadnych Karpdt
prostrednictvom priemerného chemického zloZenia hlavnych litologickych typov hor-
nin a tieZ nepriamym sposobom vo vztahu k metalogenéze tizemia Slovenska. Spoci-
va vo vytypovani hlavnych a vedlajSich prvkov pomocou hlavnych a vedlajsich
minerdlov charakteristickych pre rudné loZiskd a vyskyty Slovenska. Je dolezité zdo-
raznit, Ze ddaje sustredené v bdze ddt maju velky vyznam pre dalSie detailnejSie $tu-
die vedeckého a praktického zamerania. Umoziuji dalej vytvdrat iné mapové
a grafické vystupy v prostredi GIS a spdjat ich s inymi informdciami rozlicného
charakteru. V tomto $tddiu su prezentované len monoprvkové mapy, ktoré su
relevantné pre distribiciu prvkov v rie¢nych sedimentoch pre celé tizemie Slovenska.
Je potrebné zdoraznit, Ze jednotlivé mapy predstavuju plosny model distribticie, ktory nie
je korigovany vzhladom na geomorfolégiu a geologicku stavbu. V mierke 1 : 1 000 000
vSak poskytuje velmi vierohodny obraz najméa vzhladom na velku $tatistickui hustotu
odberu (1 vzorka/2 km?) a pouzity model, ktory pocital so zdkladnou sietou 1 x 1 km?.
Atlas nepovaZujeme za skoncenie Stidia a vyskumu chemického zloZenia rie¢nych
sedimentov, ale za prvy regiondlny prehlad, zamerany najméa na opis odberu vzoriek,
analytickej techniky, reprodukovatelnosti ziskanych udajov, na ich uchovanie
a demonstrdciu ich interpretdcie smerom k environmentdlnej geochémii a jej aplikd-
ciu, napr. geomedicinu a pod.

Analyza rie¢nych sedimentov odrdZa v regiondlnej mierke najmi chemické zloZenie
prevlddajucich litotypov v znosovej oblasti, lokdlne vplyvy rudnej mineralizdcie a lud-
ské aktivity. Anomdlie ploSnej distribicie prvkov maji geogénny, geogénno-
-antropogénny a antropogénny charakter. Druhy typ je tvoreny kumulovanym
ucinkom geofaktorov a ¢loveka. Prikladom moZe byt systém loZisko — taZba — vprava
suroviny — odpad. V zdvislosti od geochemickych vlastnosti prvkov a ich biopristup-
nosti maju vyznam nielen pozitivne — nadpriemerné — anomdlie, ale v mnohych pri-
padoch aj negativne, kde nedostatok prvku v prirodnom prostredi moZe posobit
v negativnej forme. Distribticia mnohych prvkov prakticky kopiruje geologicku stavbu
Zdpadnych Karpdt, ¢o je priamym odrazom genézy rie¢nych sedimentov. Je potreb-
né upozornit, Ze vysledky chemickych analyz rie¢nych sedimentov predstavuju celkovy
obsah prvku. To znamend, Ze neumozZiiuju zistit formu, v akej je dany prvok pritom-
ny. V takychto pripadoch sa pouziva napr. metdda sekvencnych vyluhov, ktorej
vysledkom je tzv. Specidcia prvku.

Vzdjomny vztah medzi analyzovanymi prvkami objasiiuje korelacnd matica zostave-
nd zo vsetkych 24 432 analyz (tab. 6). Vzhladom na celkovy pocet vzoriek moZno
hodnotu korela¢ného koeficientu 0,5 a viac pokladat za Statisticky vyznamnu. As,
Ba, Be, Cd, Cr, Mn, Mo, Na, Ni, P, Sb, Se, Sn, Sr a W nevykazujui so Ziadnym inym
prvkom Statisticky vyznamny korelacny vztah. Toto zistenie je pomerne prekvapujice
najma v pripade mangdnu, ktory tvori v prostredi povrchovych tokov hydratované oxi-
dy s pomerne dobrymi sorpénymi vlastnostami. Ostatné vyznamné korela¢né vztahy
odrdZaju primdrnu geochemicku spojitost prvkov v materskych hornindch a minera-
loch (napr. Ca-Mg, B-Li, K-Al, Li, Rb, Bi—-Cu, Hg) kombinovanim v zmysle primér-
ne horniny, minerdly a hydratované oxidy v rie¢nych sedimentoch (Fe-Al, Co, Ti, V).
7 vysledkov korelacnej matice najméa vplyvom velkého mnozZstva faktorov na kone¢né
chemické zloZenie rie¢nych sedimentov je velmi tazké urcit, resp. vy¢lenit antropogén-
ny podiel a zdroj. Na zdklade viacndsobne vy$Sicho priemerného obsahu Pb a Zn
v rie¢nych sedimentoch oproti zdrojovym horninovym typom moZzno predpokladat,
7e korelacny vztah Pb-Zn odrdZa aj pomerne vysoky antropogénny podiel tychto prv-
kov.

Prikladom na hodnotenie zataZenia tizemia As, Ba, Be, Cd, Co, Cr, Cu, Hg, Mo, Ni,
Pb, Se, Sn, V a Zn moZe byt zndzornenie stupiia kontamindcie rie¢nych sedimentov
v mapovej forme. Stupefi kontamindcie je suma pomeru koncentrdcie prvku v rienom
sedimente k Standardizovanej koncentrdcii (A, B, C) pre dany prvok.

Pre najprisnejsie kritérium (hodnoty C uvedené na mape, obr. 8) vyzerd situdcia tak-
to: Najvyraznejsi geogénno-antropogénny vplyv mozno pozorovat v oblasti Spissko-
gemerského rudohoria s historickymi, ale aj stic¢asnymi banskymi aktivitami. Podobne
je to aj v daldich oblastiach ako Nizke Tatry, Banskd Stiavnica, oblast Pezinka. Vyso-
ké hodnoty stupnia kontamindcie sa nachddzajui v regione Hornd Nitra. Toto tizemie
je charakterizované vysokym podielom chemického priemyslu a tazbou hnedého uhlia
s jeho tpravou a spalovanim v tepelnej elektrarni.

Index kontamindcie do hodnoty 1,0 sa nachddza aj v niZinnych oblastiach a medzi-
horskych depresidch. PrevaZzne su uvedené izemia ovplyvitované ludskymi aktivitami.
MozZno povedat, Ze na zdklade hodnotenia distribuicie prvkov v rie¢nych sedimentoch
mozZno na 70-80 % predpokladat aj kontamindciu pdd. Tdto skuto¢nost sa ukdzala pri
hodnoteni modelového tizemia okresu Galanta (2 000 km?) a tieZ porovnanim mono-
prvkovych médp rie¢nych sedimentov a pod z jednotlivych ¢asti Geochemického atla-
su Slovenska.

Hodnotenie chemického zloZenia rie¢nych sedimentov Slovenska korelaénou maticou
vytvorenou zo vsetkych 24 432 vzoriek (tab. 6) umozZnilo vy¢lenit zékladné geochemi-
cké asocidcie prvkov. Za Statisticky vyznamné sa pokladaju koeficienty koreldcie
s hodnotou vyssou ako +0,5. Z hladiska zdrojov aj distribuicie md v§eobecny vyznam
korela¢ny vztah Ca-Mg, ktory vyhradne charakterizuje pritomnost karbondtov vo for-
me minerdlnej fazy primdrneho alebo sekunddrneho povodu. Korelacny vztah medzi
Al a Fe, Ga, K, Rb, V a'Y charakterizuje typickd geochemicku spatost hlinika v silikd-
toch kombinovanu s alkalickymi kovmi, Zelezom a vzdcnymi zeminami. ZvySené
akumuldcie litia v rieCnych sedimentoch su sprevddzané vy$§im obsahom béru.
V tychto pripadoch je ich najpravdepodobnej$im zdrojom turmalin.

Spolo¢nym zdrojom Bi, Cu a Hg je pravdepodobne rudnd mineralizdcia a jej vysky-
ty, nemoZzno vsak vylucit ani ich antropogénne zdroje. Geochemicku spojitost Fe a Al,

10. Results of geochemical mapping

The Geochemical Atlas of Slovakia, part VI: Stream Sediments describes the distrib-
ution of 35 elements through single-element maps and their brief geochemical
characteristics.

The elemental contents are studied in relation to the geological structure of the
Western Carpathians by means of the average chemical composition of major rock
types and indirectly in relation to metallogeny in Slovak territory. The study entailed
selection of major and minor elements through major and minor minerals typical of
ore deposits and occurrences in Slovakia. It should be pointed out that data concen-
trated in our database will be very useful in ensuing more detailed investigations of
scientific and practical character. The data can be employed to compile further maps
and graphs in a geographic information system environment and combine them with
other information of diverse character. In this stage, we compiled only single-element
maps which are relevant for elemental distribution in stream sediments throughout
Slovak territory. The respective maps represent an areal distribution model unadjust-
ed to the geological structure and topography. Nevertheless, they present a very
reliable picture of reality at a scale of 1 : 1,000,000 mainly thanks to a great statisti-
cal density of samples (I sample per 2 km?) and a model designed for a basic
sampling grid of 1 x 1 km? The Atlas does not constitute the end of the study and
research of stream sediment chemistry, but the first regional overview aimed primar-
ily at a description of sampling procedures, analytical techniques, reproducibility of
data obtained, data storage and interpretation towards environmental geochemistry
and its applications such as geomedicine, etc.

The analysis of stream sediments on a regional scale reflects mainly the chemical
composition of prevailing rock types in the source area, local effects of ore mineral-
ization and human activities. Areal elemental anomalies are geogenic, geogenic-man-
made or man-made. The second type results from the combined effects of geofactors
and man. It is exemplified by the system mineral deposit - mining - ore processing -
waste. Depending upon the geochemical properties of respective elements and their
bioavailability, significant anomalies are not only positive (above the average), but in
many cases also negative ones when deficiency of an element in the natural environ-
ment can have adverse effects. The distribution of many elements corresponds to the
geological structure of the Western Carpathians, a fact that directly reflects the
genesis of stream sediments. It is worth mentioning that the results of the stream
sediment chemical analyses display the total content of a given element, hence it is
impossible to identify their form of occurrence. In such cases, e.g. the sequential
leachate method is applied which yields so-called elemental speciation.

Mutual relationships between the analysed elements are explained by a correlation
matrix compiled from all 24,432 analyses (Tab. 6). Given the total number of samples,
the value of the correlation coefficient 0.5 and more can be regarded as statistical-
ly significant. As, Ba, Be, Cd, Cr, Mn, Mo, Na, Ni, P, Sb, Se, Sn, Sr and W do not
display a statistically significant correlation with any element. This fact is fairly
surprising, particularly in the case of manganese which, in surface streams, forms
hydrous oxides with quite high sorption capacity. The other significant correlation
relationships reflect primary geochemical elemental assemblages in parent rocks and
minerals (e. g. Ca-Mg, B-Li, K-Al, Li, Rb, Bi—-Cu, Hg) modified by combinations in
primary rocks and later in minerals and hydrous oxides in stream sediments (Fe-Al,
Co, Ti, V). Due to a multitude of factors influencing the ultimate chemical composi-
tion of stream sediments, the results of the correlation matrix can hardly be used to
quantify man-made effects and identify man-made sources. Nevertheless, the average
Pb and Zn contents in stream sediments several times higher than those in their
source rocks suggest that a fairly high percentage of these elements in stream
sediments is attributable to man-made contamination.

As, Ba, Be, Cd, Co, Cr, Cu, Hg, Mo, Ni, Pb, Se, Sn, V and Zn contamination of an
area can be illustrated through a map of stream sediment contamination. The degree
of contamination is equal to the concentration of an element in stream sediment
divided by the standard concentration (A, B, C) of that element.

If the most stringent criterium (C values given on the map, Fig. 8) is applied, the case
looks like this: The most pronounced geogenic-man-made effects are in the Spissko-
-gemerské rudohorie Mts. with historic as well as modern mining. The case is similar
in further areas such as Nizke Tatry (Low Tatry) Mts., Banskd Stiavnica and Pezinok.
Highly contaminated is also the Upper Nitra Basin which has an extensive chemical
industry and brown-coal mining, processing and firing in a thermal power plant.

A contamination index of less than 1.0 occurs in lowlands and intermontane depres-
sions most of which are affected by human activities.

The analysis of elemental distribution in stream sediments reveals water contamina-
tion with a 70 - 80 % probability. This fact has been demonstrated by the evaluation
of a model area in the Galanta district (2,000 km?) and by a comparison of single-
element maps of stream sediments and soils in respective parts of the Geochemical
Atlas of Slovakia.

The correlation-matrix evaluation of stream sediment chemistry in Slovakia based
upon all 24,432 samples (Tab. 6) has allowed us to determine basic geochemical
elemental associations. Correlation coefficients over 0.5 are considered statistically
significant. The Ca-Mg correlation relationship which exclusively characterizes the
presence of carbonates as mineral phases of primary or secondary origin is generally
useful in identifying their sources and distribution. Correlation relationships between
Al and Fe, as well as Ga, K, Rb, V and Y charakterize the typical geochemical associ-
ation of aluminium in silicates combined with alkali metals, iron and rare earths.
Increased lithium concentrations in stream sediments are accompanied by a higher
boron content, the most likely source of boron being tourmaline.

The common source of Bi, Cu and Hg presumably is ore mineralization and
occurrences, but man-made sources cannot be ruled out. A geochemical association
of Fe and Al, Co, Ti and V is very well characterized by a correlation analysis where
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Tab. 6 Korelacnha matica (n=24 432)
Correlation matrix

All As B Ba Be Bi Ca Ce cd Co Cr Cu Fe Ga Hg K Li| Mg| Mn| Mo Na Ni P Pb Rb Sb Se Sn Sr Ti 4 w Y| Zn zr
Alll 1.00
As|| 0.06] 1.00
Bl| 0.03] 0.19] 1.00
Ba|l 0.21| 0.14]| 0.02| 1.00
Be|l 0.48] 0.05| 0.15( 0.12] 1.00
Bil| 0.04| 0.22| 0.05| 0.29] 0.02] 1.00
Ca||-0.51] -0.01| -0.11| -0.11] -0.50| -0.01| 1.00
Ce|| 0.38] 0.06f 0.07| 0.15| 0.28| 0.01] -0.37| 1.00
Cd|| 0.03| 0.04] -0.01] 0.08] 0.02] 0.04| 0.00{ -0.01] 1.00
Co|l 0.30] 0.09] 0.05| 0.06] 0.13| 0.07] -0.13] 0.02| 0.06] 1.00
Crl]| -0.04| -0.01] 0.10] -0.02] 0.02] 0.00| -0.08] 0.01] 0.18] 0.10f 1.00
Cul| 0.05| 0.20] 0.05] 0.22| 0.02] 0.52| 0.00{ 0.00| 0.11| 0.13| 0.02| 1.00
Fe|l 0.62] 0.12] -0.01| 0.19] 0.21| 0.12| -0.24| 0.08| 0.07| 0.51| 0.03| 0.14| 1.00
Gal| 0.61| 0.04] 0.02] 0.15| 0.44]| 0.03| -0.53| 0.24| 0.03| 0.17| -0.03] 0.02| 0.33] 1.00
Hg|| 0.01] 0.17| 0.02] 0.40] -0.02] 0.57| 0.02| -0.02| 0.02| 0.04| 0.02] 0.40f 0.13| -0.01] 1.00
K|| 0.52| 0.09] 0.34| 0.19] 0.40| 0.06| -0.42| 0.44| 0.02| -0.03| 0.00| 0.08| 0.05] 0.42| 0.00| 1.00
Lil|] 0.37] 0.06] 0.53] 0.13] 0.29] 0.05| -0.16] 0.18] 0.02| 0.11] 0.10] 0.06| 0.17] 0.27| 0.02| 0.55| 1.00
Mgl|| -0.27] 0.01| -0.09] -0.07| -0.35] 0.01] 0.64| -0.26] 0.01] -0.05| -0.04| 0.02| -0.06| -0.31] 0.01| -0.27| -0.07| 1.00
Mnl]| 0.14] 0.07] 0.01] 0.15] 0.07] 0.05| -0.07] 0.02] 0.07| 0.30{f 0.00] 0.06] 0.34] 0.06|] 0.04] -0.01] 0.05| -0.07] 1.00
Mo|| 0.05] 0.15| 0.10| 0.05] 0.05| 0.10] -0.02| 0.01] 0.08] 0.10| 0.09] 0.15| 0.13| 0.08] 0.05| 0.09| 0.14| 0.02| 0.09] 1.00
Na||l 0.44] -0.01] -0.13| 0.12] 0.22| -0.03| -0.42| 0.42| -0.02| -0.13| -0.06| -0.05] 0.00| 0.24| -0.04| 0.29| 0.01| -0.26] -0.07| -0.06] 1.00
Nil| 0.01| 0.03] 0.16] 0.00| 0.03] 0.02f 0.00| -0.01| 0.02| 0.16| 0.28] 0.05| 0.05|] 0.02| 0.01| 0.07| 0.21| 0.01| 0.05] 0.08| -0.10] 1.00
P|| 0.11] 0.07] -0.02| 0.12] 0.03| 0.03] 0.04] 0.11| 0.08] 0.04] -0.02| 0.06] 0.15| 0.11| 0.05] 0.08| 0.05| 0.00] 0.12| 0.06] -0.01] 0.00| 1.00
Pb||l 0.05] 0.12] 0.00f 0.09] 0.02f 0.06/ 0.01] 0.01f 0.49| 0.08] -0.01| 0.15] 0.11| 0.03| 0.03] 0.04| 0.03| 0.03] 0.09] 0.06] -0.03] 0.00| 0.09] 1.00
Rb|| 0.60|] 0.10| 0.32] 0.18] 0.49] 0.06] -0.48| 0.37] 0.02] 0.06| 0.00] 0.06| 0.15| 0.56| -0.01| 0.83| 0.57| -0.33| 0.04] 0.11| 0.15| 0.08] 0.10f 0.02| 1.00
Sb||l 0.02] 0.31] 0.12| 0.17] 0.03| 0.40| -0.01| 0.04| 0.03| 0.03]| -0.01| 0.28] 0.05| 0.02| 0.33] 0.05( 0.04| 0.00] 0.02| 0.06] 0.01f 0.00| 0.02] 0.17| 0.05| 1.00
Sel| -0.05] 0.06] 0.00f 0.09] -0.06] 0.18] 0.15] -0.08| 0.04] 0.02] -0.02| 0.13] 0.01} 0.02] 0.15] -0.03] 0.08] 0.04] 0.07] 0.08] -0.13| 0.05] 0.08] 0.02| 0.02] 0.11] 1.00
Sn|| 0.07] 0.08| 0.05] 0.07] 0.05] 0.08] -0.04| 0.03] 0.08] 0.09| 0.06] 0.16] 0.23] 0.04] 0.04| 0.06] 0.09] -0.01| 0.05] 0.26] 0.00] 0.03] 0.06|] 0.09] 0.06] 0.05] 0.01] 1.00
Sr||] 0.17] 0.01| -0.22] 0.20] -0.12| 0.01] 0.32| 0.10] 0.04] -0.02| -0.13] 0.01| 0.08 0.01] 0.03| -0.07| -0.03] 0.12| 0.03] -0.02| 0.24| -0.06] 0.24| 0.05| -0.13] 0.00] 0.12] 0.00] 1.00
Ti|| 0.47| -0.01| -0.05] 0.03] 0.23] 0.00|] -0.41| 0.24] 0.02] 0.38 0.01| 0.00| 0.66] 0.19] -0.01| -0.02| -0.07| -0.22| 0.16] -0.03| 0.18| -0.05| -0.03| 0.06| 0.01] -0.01| -0.15| 0.03| -0.08| 1.00
V|| 0.57| 0.01] -0.04] 0.05| 0.20| 0.01| -0.24| 0.06] 0.05| 0.50| 0.01| 0.03| 0.82] 0.28] 0.01| -0.03] 0.10] -0.06| 0.21] 0.06] 0.02] 0.02] 0.03| 0.09] 0.06] -0.01| -0.03] 0.05| 0.05| 0.78]| 1.00
-0.01|] 0.02] 0.00f 0.03] -0.01| 0.01] 0.01] -0.01| 0.22] 0.03] 0.07| 0.04] 0.02| 0.02] 0.00] 0.01| -0.01] -0.01] 0.03| 0.02] -0.02| 0.00{ 0.01] 0.27| 0.00f 0.00f{ 0.00f 0.02] 0.01| 0.03| 0.03] 1.00
Y|l 0.61] 0.12] 0.19| 0.17] 0.47| 0.07|-0.59| 0.55| 0.01| 0.24] 0.03] 0.07| 0.42] 0.41| 0.02] 0.47| 0.30| -0.36] 0.15] 0.07| 0.22] 0.03| 0.08] 0.05] 0.59| 0.05] -0.07| 0.09| -0.19| 0.44| 0.35| -0.01| 1.00
Zn|| 0.06] 0.06] 0.00f 0.12] 0.01| 0.06| 0.02] -0.01| 0.49| 0.12] 0.03| 0.18] 0.15] 0.06| 0.04] 0.03] 0.05| 0.02] 0.10] 0.12]| -0.06] 0.04| 0.21] 0.56| 0.03| 0.03] 0.04| 0.15| 0.06] 0.05( 0.11| 0.21] 0.02f 1.00
Zrf| 0.09] -0.01] 0.04] 0.04] 0.23] -0.02] -0.51] 0.55] -0.04| -0.02| 0.08] -0.03] -0.02] 0.05] -0.03| 0.14] -0.13] -0.40| -0.02| -0.07| 0.34| -0.07| -0.08] -0.04] 0.09] 0.00| -0.18] 0.00| -0.16] 0.40] 0.03| -0.01| 0.46] -0.08] 1.00f
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Co, Ti a V velmi dobre charakterizuje korela¢nd analyza, kde sa tieto prvky najmi
v magmatickych procesoch a procesoch zvetrdavania navzdjom nahrddzaju. Korelacny
vztah medzi Co a Fe naznacuje prednostnd akumuldciu kobaltu na hydratovanych
oxidoch najmai Zeleza.

Olovo a zinok, ako sme uZ uviedli, si v hlavnej miere v rieCnych sedimentoch
antropogénneho povodu a ich korelaény vztah naznacuje spolo¢né zdroje a geoche-
mické bariéry.

Okrem strucnej charakteristiky geochemickych asocidcii prvkov v rie¢nych sedimen-
toch bolo moZné z vysledkov stanovit aj geochemické oblasti. Tie predstavuju prevld-
dajici horninovy typ znosovej oblasti a geochemickd asocidciu prvkov
s prevlddajicim zastipenim, hodnotend z medidnu. Uvedenou kombindciou sa vy-
tvorilo desat geochemickych oblasti (tab. 7, 8). Z prevlddajucich horninovych typov
boli vylicené kvartérne sedimenty, ktoré z hladiska zloZitosti genézy a velkého
antropogénneho vplyvu nie je mozné hodnoverne charakterizovat na tento tcel.
Geochemickd oblast s prevlddajicim zastipenim hornin sedimentdrneho neogénu je
charakterizovand asocidciou Ca, K, P, Cu, Ni a Sn v rie¢nych sedimentoch. Uvedenud
asocidciu prvkov mozno charakterizovat ako litogénnu a biogénno-antropogénnu.
V podstate odrdZza uz uvedené v§eobecné vztahy ako pri korelacnej analyze vSetkych
vzoriek. NavySe, k Ca—Mg sa v tejto geochemickej oblasti priraduje aj Sr, povodom
pravdepodobne z evaporitov.

Horninové prostredie vulkanického neogénu je charakterizované ako geochemickd
oblast s hlavnou asocidciou Al, Na, Fe, Ti, V, Sr a stopovymi prvkami Cu, Pb, Zn, V,
Ga a Co. Vyznamnu koreldciu v tejto geochemickej oblasti, ktord charakterizuje rud-
nu mineralizdciu, predstavuje Cu, Cd, Pb a Zn.

Geochemickd oblast vnutrokarpatského paleogénu je charakterizovand asocidciou
Ca, Na, Li, Cr a Ni. Vzdjomné geochemické vztahy medzi prvkami st na zdklade ko-
relacnej analyzy velmi zloZité a nemoZno jednoznacne vyclenit geogénne a antropo-
génne vplyvy a zdroje.

Znosové oblasti, tvorené horninami kriedy a paleogénu vonkajSich Karpdt, mozno
charakterizovat ako geochemicku oblast s hlavnym zastipenim B, Cr, Be, Co, Ga, Bi
a Ni v rie¢nych sedimentoch. Dominantné je najmé zastipenie chrému, ostatné prv-
ky z uvedenej asocidcie prevlddaji najmi v povodiach tvorenych va¢sim podielom
flovcov nad pieskovcami, kde sui aj vhodnejSie podmienky na sorpéné procesy
prebiehajtice na flovych minerdloch.

Rie¢ne sedimenty oblasti karbondtov mezozoika tvoria dominantnui geochemicku ob-
last charakterizovanu asocidciou Ca a Mg. Ostatné prvky tu moZno vo v§eobecnosti
pokladat za deficitné so zloZitymi geochemickymi vztahmi ovplyvnenymi chemickym
zloZenim vdpencov a dolomitov a antropogénnou ¢innostou.

Rie¢ne sedimenty nekarbonatickych hornin mezozoika, ktoré su tvorené najmi
pieskovcami a bridlicami, tvoria geochemicku oblast s asocidciou Ca, K, Mg, Li a Ni.
Tdto geochemickd oblast je do velkej miery ovplyvnend pritomnostou karbondtov
a geochemickymi bariérami.

Rie¢ne sedimenty v znosovych oblastiach tvorenych paleozoickymi horninami mozno
rozdelit na dve geochemické podoblasti charakterizované podobnou asocidciou prv-
kov. Prvu tvoria horniny mladSieho paleozoika Zdpadnych Karpat, charakterizované
Sirokou asocidciou As, B, Ba, Be, Ce, Co, Cu, Fe, Ga, Hg, K, Li, Mn, Na, Ni, Rb, Sb,
Sn, Y, Zn a Zr. Druhd geochemickd podoblast, tvorend horninami starSieho paleozoi-
ka gemerika, sa odliSuje navySe prevlddajicim zastipenim Co, Hg, Mn, Ni, Zn
a deficitom Hg a P. Obidve Siroké asocidcie st podmienené najma zasttipenim horni-
novych typov a pocetnymi rudnymi loZiskami a vyskytmi spojenymi s tazbou a upra-
Vou.

Geochemickd oblast s dominantnym zastipenim asocidcie Al, As, Ba, Be, Ce, Co,
Cu, Fe, Ga, K, Na, P, Rb, Y a Zr je typickd pre oblasti tvorené krystalinikom tatrika
a veporika. Prevlddajicimi zdrojmi prvkov sud materské horniny a pocetné rudné loZi-
skd a vyskyty.

Rie¢ne sedimenty zo znosovych tizemi tvorenych plutonitmi centrdlnych Zdpadnych
Karpat tvoria geochemicku oblast zastipenu asocidciou Al, Ba, Be, Ce, Ga, K, Li, Na,
P, Rb, Sn, Sra Zr.

these elements substitute for each other, notably in magmatic and weathering
processes. A correlation relationship between Co and Fe suggests preferential
accumulation of Co on hydrous oxides, particularly of iron.

As mentioned above, lead and zinc in stream sediments are largely of man-made
origin and their correlation relationship suggests common sources and geochemical
barriers.

Apart from a brief characteristics of geochemical elemental associations in stream
sediments, the results were also used to determine geochemical areas. These represent
the prevailing rock type in the source area and the predominant geochemical elemen-
tal association assessed on the basis of median. This combination yielded ten
geochemical areas (Tab. 7, 8). Quaternary sediments were excluded from the prevail-
ing rock types since they cannot be reliably characterized for this purpose because of
their complex history and great man-made effect.

The geochemical area dominated by Neogene sedimentary rocks is characterized by
the assemblage Ca, K, P, Cu, Ni and Sn in stream sediments. This elemental
assemblage can be regarded as lithogenic and biogenic-man-made. It essentially
reflects the above-mentioned general relationships as in the correlation analysis of all
samples. In addition, Ca-Mg in this geochemical area are accompanied by Sr which
probably originates from evaporites.

The rock environment of the volcanic Neogene makes up a geochemical area charac-
terized by the major association Al, Na, Fe, Ti, V, Sr and trace elements Cu, Pb, Zn,
V, Ga and Co. A significant correlation between Cu, Cd, Pb and Zn characterizes the
ore mineralization in this geochemical area.

The Inner-Carpathian Paleogene geochemical area has a characteristic assemblage
Ca, Na, Li, Cr and Ni. Correlation analysis has revealed complicated geochemical
relationships between elements, hence it is impossible to identify geogenic and man-
made effects and sources.

Source areas of the Outer Carpathian Cretaceous and Paleogene can be character-
ized as a geochemical area whose stream sediments are dominated by B, Cr, Be, Co,
Ga, Bi and Ni. Chromium is particularly abundant, whereas the other above elements
have high contents mainly in drainage basins where claystones prevailing over
sandstones create favourable conditions for sorption processes on clay minerals.
Stream sediments in areas underlain by Mesozoic carbonates form a dominant
geochemical area characterized by the Ca-Mg association. The other elements can
generally be regarded as deficient with complex geochemical relationships affected by
the chemical composition of limestones and dolomites and human activities.

Stream sediments in areas underlain by noncarbonate Mesozoic rocks, notably
sandstones and shales, make up a geochemical area with the typical association Ca,
K, Mg, Li and Ni. This geochemical area is strongly influenced by the presence of
carbonates and geochemical barriers.

Stream sediments in source areas underlain by Paleozoic rocks may be divided into
two geochemical subareas with similar elemental associations. The first consists of
Late Paleozoic Western Carpathian rocks characterized by the wide association As,
B, Ba, Be, Ce, Co, Cu, Fe, Ga, Hg, K, Li, Mn, Na, Ni, Rb, Sb, Sn, Y, Zn and Zr. The
other geochemical subarea consisting of Early Paleozoic Gemeric rocks is distin-
guished by the prevalence of Co, Hg, Mn, Ni, Zn and deficiency of Hg and P. Both
these wide associations are controlled largely by the percentages of respective rock
types and a multitude of ore deposits and occurrences with mining and mineral
processing.

The geochemical area dominated by the assemblage Al, As, Ba, Be, Ce, Co, Cu, Fe,
Ga, K, Na, P, Rb, Y and Zr is typical of areas underlain by the Tatric and Veporic
crystalline units. Elements in this area mostly originate from parent rocks and
numerous ore deposits and occurrences.

Stream sediments from source areas dominated by plutonic rocks of the Central
Western Carpathians form a geochemical area with the association Al, Ba, Be, Ce,
Ga, K, Li, Na, P, Rb, Sn, Sr and Zr.



ZAKLADNE STATISTICKE CHARAKTERISTIKY OBSAHOU PRVKOV

V RIECNYCH SEDIMENTOCH PODL’A LITOLOGICKYCH TYPOV

TAB. 7

BASIC STATISTICAL CHARACTERISTICS OF ELEMENT CONCENTRATIONS

IN STREAM SEDIMENTS REGARDING LITOGEOCHEMICAL TYPES

Riecne sedimenty oblasti

sedimentarneho neogénu
(n = 8521)

Stream sediments areas

of neogene sediments

Riec¢ne sedimenty oblasti
vulkanického neogénu
(n =2790)
Stream sediments areas

of Neogene volcanics

Riecne sedimenty oblasti
vnutrokarpatského paleogénu
(n = 2579)

Stream sediments areas

of the Inner Carpathian Paleogene

Riecne sedimenty oblasti kriedy a
paleogénu vonkajSich Karpat
(n = 2818)

Stream sediments areas of the Outer

Carpathian Cretaceous and Paleogene

Riecne sedimenty oblasti
karbonatov mezozoika
(n =1296)

Stream sediments areas

of Mesozoic Carbonatic rocks

Prvok | Jednotka Standard Standard Standard Standard Standard
Mean Median Mean Median Mean Median Mean Median Mean Median
Element Unit Deviation Deviation Deviation Deviation Deviation
Al % 5,78 5,77 1,26 6,92 7,05 1,07 5,19 5,16 1,05 5,65 5,63 0,923 511 5,34 1,77
As mg-kg-l 13,09 6,87 51,10 8,31 5,04 16,77 9,19 5,66 29,30 5,76 5,22 3,77 9,34 7,27 11,25
B mg-kg-l 65,69 60,83 30,63 39,43 | 39,17 | 14,51 65,96 65,00 29,76 74,32 73,33 14,41 73,25 63,75 45,22
Ba mg-kg-l 500,7 | 453,59 418,5 501,4 | 483,2| 137,7 435,2 388,6 440,6 396,9 378,2 134,4 505,4 382,4 760,6
Be mg-kg_l 1,53 1,50 0,912 1,60 1,58 0,542 1,30 1,27 0,701 1,90 1,90 0,602 1,10 0,975 0,794
Bi mg-kg_l 0,304 | 0,217 0,429 0,333 | 0,200 | 0,430 0,414 0,137 3,03 0,194 0,200 0,113 0,338 0,225 0,683
Ca % 2,68 1,72 2,82 1,93 1,60 1,60 3,51 2,55 3,00 1,56 0,937 1,80 6,45 4,21 5,92
Ce mg-kgl 63,61 62,58 18,16 59,67 | 59,00 | 15,09 59,00 55,25 20,65 57,49 56,00 13,43 56,13 55,12 25,57
Cd mg-kgl 0,274 | 0,083 0,820 0,745 ] 0,133 3,30 0,213 0,125 0,234 0,188 0,083 0,287 0,526 0,225 2,07
Co mg.kg’l 8,63 7,67 4,92 12,18 | 11,67 6,09 7,45 7,25 4,62 9,26 8,92 3,39 6,99 6,75 4,62
Cr mg-kg_l 76,041 68,33 66,41 58,93 | 50,83 | 55,98 103,3 83,75 173,3 99,78 87,50 44,65 65,33 53,75 77,88
Cu mg-kg_l 38,65 19,92 134,4 36,92 | 20,75 | 68,14 36,98 16,75 199,7 25,77 24,33 17,62 27,74 19,50 44,68
Fe % 2,92 2,77 1,06 4,23 4,067 1,32 2,47 2,39 0,853 2,73 2,70 0,747 2,44 2,43 0,973
Ga mg-kg_l 14,12 14,17 5,55 15,75 | 15,42 5,84 10,46 10,50 4,75 16,40 16,00 4,98 11,41 11,50 6,59
Hg mg-kg_l 0,318 | 0,083 1,33 0,262 | 0,112 1,21 0,821 0,095 6,23 0,120 0,050 0,872 0,239 0,091 1,08
K % 1,55 1,53 0,343 1,36 1,33 0,336 1,48 1,48 0,312 1,62 1,60 0,266 151 1,49 0,580
Li mg-kg_l 29,55 28,17 9,01 24,23 | 23,00 6,29 31,71 30,75 10,25 37,97 37,33 9,78 31,88 29,87 13,94
Mg % 1,02 0,805 0,810 1,07 0,890 | 0,807 1,20 0,915 0,944 0,712 0,686 0,250 2,30 1,60 1,99
Mn mg-kg_l 1025,3] 803,6 1058,4 | 1384,7 ]1205,8] 938,5 928,4 757,5 756,0 902,4 785,8 620,2 975,2 646,2 1482,9
Mo mg-kg_l 0,438 | 0,333 0,889 0,403 ] 0,317 | 0,565 0,561 0,425 0,675 0,556 0,383 0,676 0,374 0,275 0,362
Na % 0,883 | 0,853 0,281 0,923 ] 0,889 | 0,264 0,917 0,902 0,261 0,876 0,879 0,218 0,816 0,721 0,475
Ni mg.kg'l 24,85 22,17 28,74 17,25 | 13,67 | 24,87 28,95 25,00 30,37 36,46 34,50 13,65 23,10 20,50 15,04
P mg.kg'l 998,6 | 850,0 744,1 968,3 | 800,0| 597,9 787,2 675,0 431,2 544.,8 500,0 337,8 876,3 775,0 540,7
Pb mg.kg'l 19,60 13,67 31,34 38,89 | 18,75 | 97,97 15,80 12,25 23,5 13,31 11,92 10,00 23,41 15,75 32,84
Rb mg_kg'l 93,74 | 93,08 22,17 87,12 | 84,75 | 24,15 82,68 82,50 18,63 96,23 94,50 17,06 84,86 86,50 31,41
Sb mg-kg-l 2,21 0,630 8,71 1,07 0,592 1,99 7,16 0,650 69,47 0,877 0,417 3,25 1,63 0,800 3,54
Se mg-kg-l 0,280 | 0,200 0,401 0,242 | 0,167 | 0,251 0,315 0,250 0,496 0,329 0,267 0,307 0,348 0,300 0,266
Sn mg-kg-l 3,49 2,67 4,412 3,18 2,08 3,85 2,97 2,25 5,06 2,50 2,33 1,18 2,79 2,25 1,85
Sr mg-kg-l 134,9 122,2 59,62 171,4 | 1575 65,31 155,47 135,4 62,77 115,6 106,4 38,47 137,3 119,7 57,86
Ti mg-kg-l 4973,3| 48425 1675,6 | 6812,6 | 6346,7| 2423,24 4293,9 | 4250,0 929,3 4487,6 4486,7 552,2 3718,4 | 3717,5 | 14435
\Y mg-kg_l 73,90 69,42 29,81 120,0 | 1125 47,85 64,82 61,25 19,28 74,29 74,17 18,94 59,58 58,75 23,69
mg-kg_l 2,73 2,50 2,034 2,69 2,50 1,61 2,53 2,50 0,28 2,25 2,50 1,04 2,81 2,50 2,55
Y mg-kg_l 30,61 | 31,17 8,66 31,22 | 31,42 7,48 24,06 23,37 8,48 27,33 27,50 5,47 25,94 27,25 12,52
Zn mg-kgl 119,2| 80,08 142,1 174,6 | 91,67 | 339,62 83,19 65,25 72,02 87,20 74,67 132,7 107,7 82,75 94,74
Zr mg.kg'l 434,3| 416,8 181,0 404,3 | 387,9| 1554 350,7 337,2 149,4 438,1 420,0 134,4 324,3 313,7 167,4
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ZAKLADNE STATISTICKE CHARAKTERISTIKY OBSAHOV PRVKOV

V RIECNYCH SEDIMENTOCH PODLA LITOLOGICKYCH TYPOV

TAB. 8

BASIC STATISTICAL CHARACTERISTICS OF ELEMENT CONCENTRATIONS

IN STREAM SEDIMENTS REGARDING LITOGEOCHEMICAL TYPES

Rieéne sedimenty oblasti nekarbo-
natickych sedimentov
mezozoika
(n = 1566)
Stream sediments areas

of non carbonatic rock

Riecne sedimenty oblasti mladsieho
paleozoika centralnych
Zapadnych Karpat
(n=770)
Stream sediments areas of the Late

Paleozoic of Central

Rieéne sedimenty oblasti
starSieho paleozoika
gemerika
(n=327)
Stream sediments areas

of the Early Paleozoic

Rie¢ne sedimenty oblasti

kryStalinika tatrika a veporika

(n =740)
Stream sediments areas

of the crystalline units

Rieéne sedimenty oblasti
plutonitov centralnych
Zapadnych Karpat
(n =1256)

Stream sediments areas

of the plutonic rocks

of Mesozoic West Carpathians of Gemericum of Tatricum and Veporicum of Central West Carpathians
Prvok | Jednotka Standard Standard Standard Standard Standard
Mean Median Mean Median Mean | Median Mean Median Mean Median
Element| Unit Deviation Deviation Deviation Deviation Deviation
Al % 5,30 5,39 1,44 6,62 6,66 1,13 6,88 6,88 1,25 7,05 7,20 1,11 7,11 7,35 1,27
As mg.kg™ 12,93 6,67 34,13 25,58 9,90 97,29 49,20 16,60 168,7 24,59 9,63 53,00 13,62 5,38 34,09
B mgkg™ | 73,43 68,00 32,97 104,2 86,87 66,87 110,1 92,50 73,40 53,63 50,00 29,21 41,72 35,00 23,03
Ba mg.kg™ 494,5 431,8 301,6 620,5 542,9 550,7 520,4 506,7 160,5 635,5 607,0 228,4 720,5 681,3 264,2
Be mg.kg™ 1,15 1,08 0,799 2,02 2,05 0,649 2,44 2,47 0,784 1,95 1,97 0,787 1,89 1,90 0,720
Bi mg.kg™ 0,369 0,220 0,697 0,510 0,325 0,727 1,65 0,550 3,81 0,293 0,200 0,332 0,332 0,133 1,60
Ca % 5,36 4,01 4,72 1,32 0,842 1,42 0,959 0,502 1,62 1,61 1,14 1,68 1,91 1,22 2,21
Ce mg.kg™ 59,99 57,40 22,80 68,35 64,62 19,30 72,33 66,75 29,25 79,09 71,33 31,93 84,67 78,00 30,67
Cd mgkg™ | 0,309 0,140 0,512 0,415 0,200 1,08 0,515 0,300 0,765 0,327 0,167 0,572 0,331 0,133 0,609
Co mg.kg™ 8,38 8,00 5,23 8,84 7,75 5,03 11,27 10,00 7,85 9,74 9,00 4,69 6,34 5,67 4,39
Cr mgkg™ | 62,09 56,00 38,03 62,83 56,25 36,94 72,07 66,25 34,71 62,65 57,50 36,81 45,08 40,00 31,12
Cu mg.kg™ 40,33 19,70 91,84 57,48 22,00 159,6 126,2 33,50 268,9 28,84 21,33 39,40 22,90 14,00 123,2
Fe % 2,49 2,42 0,975 3,22 3,00 1,15 3,55 3,46 1,04 3,15 3,10 1,01 2,57 2,42 0,908
Ga mg.kg™ 12,14 12,00 6,47 16,05 15,75 4,69 16,23 16,75 4,33 20,91 20,33 6,23 18,45 18,33 5,78
Hg mgkg™ | 0,225 0,090 0,873 0,567 0,180 1,85 1,19 0,400 3,68 0,129 0,070 0,350 0,114 0,083 0,191
K % 1,59 1,56 0,500 1,85 1,80 0,429 2,00 1,99 0,512 1,83 1,80 0,430 1,88 1,84 0,438
Li mgkg™ | 34,07 32,70 12,50 38,67 35,50 13,87 41,55 39,50 11,39 29,89 28,00 10,01 32,37 31,00 10,01
Mg % 1,73 1,20 1,65 1,031 0,832 0,765 0,835 0,730 0,411 1,12 0,963 0,783 0,953 0,777 0,670
Mn mgkg™ | 1000,6 714,0 1505,1 1290,9 883,7 1559,5 1372,9 | 1140,0 | 8779 1017,7 826,7 1068,4 841,5 726,7 595,8
Mo mgkg™ | 0,507 0,380 0,498 0,542 0,425 1,10 0,648 0,425 0,681 0,575 0,433 0,546 0,398 0,300 0,463
Na % 0,850 0,770 0,446 1,21 1,15 0,463 1,03 0,980 0,476 1,40 1,41 0,484 1,69 1,72 0,567
Ni mgkg™ | 25,66 22,40 21,72 24,16 21,75 16,57 29,64 26,00 21,62 25,77 21,67 25,87 18,02 13,33 33,31
P mgkg™ | 8384 760,0 417,3 882,3 850,0 402,5 831,2 750,0 430,6 958,0 866,7 693,7 1083,3 1000,0 457,8
Pb mgkg™ | 24,64 15,40 58,11 23,54 13,75 44,72 32,32 16,00 66,63 18,51 15,33 20,52 20,28 14,67 30,19
Rb mgkg™ | 89,16 86,90 28,49 109,4 106,9 25,34 121,4 122,5 30,69 107,4 104,5 30,00 105,17 104,0 25,29
Sb mg.kg™ 5,88 0,740 41,65 24,10 1,95 123,3 22,24 3,72 83,59 3,76 0,733 15,34 4,52 0,600 25,22
Se mg.kg™ 0,340 0,260 0,330 0,217 0,150 0,220 0,191 0,075 0,218 0,297 0,233 0,259 0,325 0,200 0,422
Sn mg.kg™ 3,04 2,20 4,25 5,02 3,25 8,67 7,35 4,00 9,90 3,57 2,67 3,40 3,29 2,67 3,09
Sr mg.kg™ 168,8 145,5 107,7 112,2 101,2 47,00 79,73 74,25 31,48 166,0 1447 88,08 247,5 220,0 118,4
Ti mgkg™ | 39454 | 38060 | 14116 5310,8 5170,0 1388,6 5558,2 | 5402,5 | 1398,7 | 5351,1 | 5216,7 | 14612 4383,6 4106,7 1645,9
\Y, mg.kg™ 62,22 60,00 23,68 76,90 72,50 24,11 81,82 77,50 24,56 80,88 80,00 2541 63,70 60,00 27,21
mg.kg™ 2,67 2,50 0,925 2,66 2,50 1,93 2,67 2,50 1,15 2,80 2,50 1,43 2,75 2,50 3,62
Y mg.kg™ 26,38 26,60 11,28 40,04 39,50 9,29 45,55 46,25 10,76 36,50 35,33 11,49 31,57 30,67 11,05
Zn mgkg™ | 1077 79,40 92,75 116,0 84,50 136,8 129,1 96,00 102,1 103,8 85,50 67,22 98,45 79,33 96,02
Zr mg.kg™ 353,2 334,0 174,5 478,9 4534 170,5 483,2 450,7 183,2 480,7 464,0 155,1 502,3 454.,8 250,7
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Hlinik (Al)

(atémovd hmotnost 26,982; atdmové ¢islo 13)

Hlinik je kovovy, litofilny hlavny prvok, ktory sa v prirodnom prostredi vyskytuje v oxidac-
nom stupni +3. Po kysliku a kremiku je to treti prvok, ktory md najvysSie zasttipenie
v zemskej kore.

V magmatickych procesoch je hlinik viazany na hlavné a neskorSie Stddium kryStalizdcie.
V hornindch je pritomny v podobe silikdtovych minerdlov v kombindcii s alkalickymi kov-
mi, kovmi alkalickych zemin a Zelezom. V kryStalickych mriezkach mafickych minerdlov
nahrddza titdn, Zelezo a chrom.

Hlavnymi minerdlmi hlinika sd korund, spinely, grandt, andaluzit, staurolit a sillimanit,
z horninotvornych minerdlov su to pyroxény, amfiboly, sludy, plagioklasy, kaolinit a pod.
V procesoch zvetrdvania Zivce a tmavé minerdly s obsahom hlintka a vdpnika zvetrdvaju
pomerne [ahko, zatial ¢o K Zivce a oligoklas st odolnejsie. Rozpusteny hlinik je pravde-
podobne sorbovany na flovych minerdloch. V stredne humidnych podmienkach sa tvori
prevazne illit, v tropickych klimatickych podmienkach hlinik migruje pomaly a tvori
kaolinit a hlavny priemyselny zdroj hlinika — bauxit (tzv. laterity, kde sa akumuluje spolu
so Zelezom).

Do Zivotného prostredia sa dostdva v podobe priemyselného odpadu. Vzhladom na jeho
vysoky geogénny obsah je velmi fazké urcit podiel antropogénnej kontamindcie.
Distribucia hlinika v rie¢nych sedimentoch dobre kore$ponduje s geologickou stavbou Zd-
padnych Karpdt. Priemerny obsah Al v rie¢nych sedimentoch je 5,8 = 1,4 %, ¢o je niZSia
hodnota ako v jednotlivych horninovych typoch Slovenska, s vynimkou pieskovcov.
Najvy$si obsah v intervale 7-9 % je viazany na znosové oblasti kryStalinika jadrovych po-
hori a neogénnych vulkanickych hornin, najmé andezitov a porfyrov.

ZvySeny obsah hlinika tvoria aj regiondlne anomdlie vo vonkajSom flySovom pdsme. Su
viazané na flovce lupkovskych vrstiev duklianskej jednotky s najvy$sim podielom illitu.
Najvyssi obsah hlinika maju najstarsie litotypy, medzi ktoré patrf aj uvedené stvrstvie. Na-
opak, pieskovce maju najniZsi priemerny obsah hlintka. Uvedend distribucia Al je v dobrej
zhode s distribticiou Ga a Be, ¢o vysvetluje aj ich spolo¢né anomdlie v oblasti vonkajsie-
ho flySového pdsma.

Okrem uvedenej najniZsej koncentrdcie hlinika sa v intervale 2-4,6 % vyskytujui anomélie
v regiénoch budovanych prevazne mezozoickymi karbondtovymi horninami.

Al

Aluminium (Al)

(atomic weight 26.982; atomic number 13)

Aluminium is a major metallic lithophile element naturally occurring in the oxidation state
+3. It is the third most abundant element in the earth's crust after oxygen and silicium.
In magmatic processes, aluminium is associated with the main and late crystallization
stages. Aluminium in rocks is combined with alkali metals, alkali-earth metals and iron in
silicate minerals. In the crystal lattices of basic minerals it substitutes for titanium, iron
and chromium.

The main aluminium minerals comprise corundum, spinels, garnets, andalusite, stauro-
lite, sillimanite and the rock-forming minerals pyroxenes, amphiboles, micas, plagioclases,
kaolinite, etc.

In weathering processes, aluminium-containing feldspars and basic minerals disintegrate
fairly readily, whereas K-feldspars and oligoclase are more weathering-resistant. The
released aluminium is probably adsorbed on clay minerals. Under moderately humid
conditions, the most abundant newly formed aluminium-bearing mineral is illite, whereas
under tropical conditions aluminium migrates slowly to form kaolinite and the main
economic source of aluminium - bauxite (so called laterites in which aluminium accumu-
lates together with iron).

From an economic point of view, aluminium ranks among the most important light
metals. It is released into the environment as industrial wastes. Because of its high natural
content it is extremely difficult to determine the share of man-made contamination.
Aluminium distribution in stream sediments well corresponds to the geological structure
of the Western Carpathians. The average content of Al in stream sediments amounts to
5.8 + 1.4 % and is lower than the average Al values in respective rock types in Slovakia
except for sandstones.

The highest contents ranging from 7 to 9 % Al are found in the source areas of the
crystalline units of the core mountains and Neogene volcanics, notably andesites and
porphyries.

Increased aluminium contents form regional anomalies also in the Outer Flysch belt.
These are associated with claystones of the Lupkov Member of the Dukla unit which have
the highest illite content. The highest aluminium values are found in the oldest lithotypes
which include also the Dukla unit. In contrast, the lowest average aluminium contents are
in sandstones. This Al distribution well corresponds to the distributions of Ga and Be,
which explains their joint anomalies in the Outer Flysch belt.

Apart from the above-mentioned lowest aluminium concentrations, other lows ranging
from 2 to 4.6 % Al occur in regions dominated by Mesozoic carbonates.

. 3600 - _ 100%

HLINIK — / | g0%

ALUMINIUM o % F 80%

% 7 ? 2400 / o

£ 2 1300 | L 50%

Statistické 8 g / - 40%
parametre 32 1200 /

o L - 30%
Statistics Parametres o jods
Aritmet. priemer 5,76 600 - 1002
Arithmetic mean 0 —— = : : : : : ‘ : ‘ : ‘ 0%
Standardna odchylka 1,43 8§ 3 9 ¥ 3 8 8 8 5 8§ 8 8 8 ¥ 2 ¢
Standard Deviation °e <+ & e ¥y v e~ ~ © 9 3 49 3§ 3 3
Geometr. priemer 5,56 %

Geometr. Mean
Median 5,68
Median
Minimum 0,21 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 14,77 0,21 2 0,01 7,97 1376 93,39
Maximum 0,69 32 0,14 8,45 882 96,00
25. percentil 4,84 1,18 52 0,35 8,94 432 98,77
75. percentil 6,70 1,66 54 0,57 9,42 179 99,50
99. percentil 9,05 2,15 125 1,08 9,91 63 99,76
Hladina vyznamnosti (95 %) 0,02 2,63 177 1,81 10,39 39 99,92
Confidence Level (95 %) 3,12 314 3,09 10,88 11 99,96
3,60 520 5,22 11,36 4 99,98
4,09 1075 9,62 11,85 0 99,98
Detekény limit 0,01 4,57 2064 18,07 12,33 1 99,98
Detection limit 5,06 3346 31,77 12,82 1 99,99
5,54 3529 46,21 13,30 1 99,99
Pocet vzoriek pod 6,03 3291 59,68 13,79 0 99,99
detekénym limitom 0 6,51 2772 71,03 14,27 1 100,00
Number of samples below 7,00 2343 80,62 14,76 0 100,00
detection limit 7,48 1745 87,76 >14,76 1 100,00
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Arzén (As)

(atémova hmotnost 74,9216; atémové ¢islo 33)

Arzén sa v prirodnych podmienkach vyskytuje v oxida¢nom stupni -3,0, +3 a +35, pricom
prevldda +3 a +35. Je to chalkofilny stopovy prvok, ktory vystupuje v prevaznej miere ako
arzenopyrit, lolingit, realgdr a tennantit. Vyznamné anomdlie As su charakteristické pre
epitermdlne a mezotermdlne loZiskd zlata. Arzén tu predstavuje dolezity vyhladdvaci pr-
vok. Zaujimavd je substiticia P3* za As’* a mdZe byt pricinou zvySenej koncentrdcie As vo
fosfdtoch, napr. v apatite. Niektoré zo zlicenin As st prchavé a mozu byt transportované
v atmosfére, napr. v zdvislosti od vulkanickej ¢innosti.

V procesoch zvetrdvania st produkty oxidacnej degraddcie rudnych minerdlov obsahuju-
cich As nizko rozpustné, zachytdvaju sa na bariérach tvorenych najmi Fe a Al hydrato-
vanymi oxidmi a organickou hmotou. Maju silny trend akumulovat sa v jemnej frakcii
sedimentov.

Arzén sa na priemyselné ticely ziskava ako vedlajsi produkt pri spracovani polymetalickych
sulfidov. Antropogénnu kontamindciu sposobuju najmé banské aktivity, hutnicky priemy-
sel, tepelné elektrdrne, pesticidy a pod.

Distribticia arzénu v rie¢nych sedimentoch Slovenska md viaceré $pecifikd. V hlavnej mie-
re je podmienend vyskytom rudnych mineralizdcii, antropogénnou ¢innostou a litoldgiou.
Priemerny obsah arzénu v rie¢nych sedimentoch Slovenska je 11 + 49 mg.kg™.

Plosne najvacSia anomdlia v koncentracnom intervale 10-93 mgkg! sa nachddza
v Spissko-gemerskom rudohori a rozsiruje sa dalej povodiami Slanej, Hornddu a Bodvy
aZ po hranice s Madarskom. Zdroje As v znosovych oblastiach predstavuji najmi
greizenizované granity gemerika (priemer As je 12 mg.kg™') a pocetné rudné mineralizacie
viazané na tento region, ktoré sa v minulosti, ale aj v sticasnosti fazili a upravovali. Po-
dobné su aj anomdlie v kryStaliniku Nizkych Tatier, Malych Karpdt a pod. a neovulkani-
toch najma v Stiavnickom pohori a Kremnickych vrchoch. Arzén sa tu prejavuje ako velmi
dobry prospekény vyhladdvaci prvok pre rdzne typy rudnych mineralizdcii.

V horninovom prostredi paleogénu a neogénu v§eobecne mozno konstatovat, Ze distribu-
cia As v rie¢nych sedimentoch zdvisi od podielu flovcov v sedimentoch, pretoZe obsahuju
v priemere vy$§iu koncentrdciu arzénu (7,4 mg.kg™) ako pieskovce.

V prevaznej miere antropogénneho povodu si anomdlie As v dolnych Castiach povodi
Hrona, Vihu a Malého Dunaja. Antropogénny podiel arzénu sa potvrdil vyhodnotenim
povodiiovych sedimentov v okrese Galanta, kde sa zistila aZ 2,7-ndsobnd industridlna
koncentrdcia oproti hodnote pozadia (predindustridlne;).

As

Arsenic (As)

(Atomic weight 74.9216; atomic number 33)

Arsenic occurs naturally in oxidation states -3, 0, +3 and +3, the latter two being the most
widespread. It is a chalcophile trace element largely found in arsenopyrite, l6llingite,
realgar and tennantite. Major As anomalies are typically associated with epi- and
mesothermal gold deposits where arsenic is an important pathfinder element. The substi-
tution of P3* for As’* is worth mentioning as it may be responsible for increased As
concentrations in phosphates, e.g. apatite. Some As compounds are volatile and can
spread through the atmosphere, e.g. in association with volcanic activity.

In oxidation processes, the products of oxidation decomposition of arsenic-bearing ore
minerals are poorly soluble, and are intercepted on barriers composed largely of hydrous
Fe and Al oxides and organic matter. They display a strong tendency to accumulate in the
fine fraction of sediments.

Arsenic is produced as a by-product of the processing of polymetallic sulphides. Major
man-made sources of As contamination are chiefly mining, smelting, power generation in
thermal power plants and pesticides.

The distribution of arsenic in Slovakia's stream sediments has several specific features. It
is controlled mainly by ore mineralization, human activities and lithology. The average
arsenic contents in Slovakia's stream sediments amount to 11 + 49 mg.kg.

The largest areal As concentration ranging between 10 and 93 mgkg! occurs in the
Spissko-gemerské rudohorie and extends further along the Sland, Horndd and Bodva
basins as far as the Hungarian boundary. The main sources of arsenic in the source areas
comprise greisenized Gemeric granites (averaging 12 mgkg! As) and numerous ore
mineralizations in this region which were in the past or still are mined and processed.
Similar anomalies occur also in the crystalline units of the Nizke Tatry (Low Tatry), Malé
Karpaty (Little Carpathians), etc. and in Neogene volcanics, notably in the Stiavnické
pohorie and Kremnické vrchy Mts. where arsenic is an extremely useful pathfinder element
for various types of ore mineralizations. In areas underlain by Paleogene and Neogene
sediments, the distribution of arsenic in stream sediments is governed by the percentage
of claystones whose average As contents (7.4 mgkg!) are higher than those of
sandstones.

As anomalies of man-made origin occur mainly in the lower sections of the Hron, Vih and
Maly Dunaj basins. Industrial origin of arsenic in fluvial sediments has been ascertained
in the Galanta district where the industrial As concentration is 2.7-times higher than the
background pre-industrial value.

ARZEN 11000 4 100%
10000 - - 90%
ARSENIC 9000 - /7 [ oo
mg_kg‘l B> 3888 | bez 99.percentilu - 702/0
2 S 6000 - without 99" percentile I ggoj"
YT @ 3 5000 | o
Statistické parametre S @ 1000 4 - 40%
Statistics Parametres & L 3000 | - 3830
Ar.|tmet..pr|emer 10,75 iggg ] I 100/2
@rlthmetm mean 0 B ‘ N R Y
Standardnéa odchylka 48,93 8 3 5 2 8 8 ¥ "8 & 2 8 3 5 8 2 8
Standard Deviation © © N i 9 S X Q o 3 3 N Ny 3 S 8
Geometr. priemer 6,22 mg.kg™
Geometr. Mean
Median 6,00
Median
Minimum 0,05 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 4850,00 0,05 73 0,30 51,73 21 98,99
Maximum 3,28 3662 15,44 54,96 36 99,14
25. percentil 4,00 6,51 10557 59,09 58,19 35 99,28
75. percentil 8,9 9,74 5058 80,00 61,42 21 99,37
99. percentil 98,00 12,97 1936 88,01 64,65 23 99,46
Hladina vyznamnosti (95 %) 0,61 16,20 929 91,85 67,88 13 99,52
Confidence Level (95 %) 19,43 448 93,70 71,11 23 99,61
22,66 329 95,06 74,34 13 99,66
25,89 201 95,89 77,57 13 99,72
Detekény limit 0,1 29,12 186 96,66 80,80 10 99,76
Detection limit 32,35 151 97,29 84,03 13 99,81
35,58 117 97,77 87,26 11 99,86
Pocet vzoriek pod 38,81 81 98,11 90,49 13 99,91
detekénym limitom 73 42,04 94 98,49 93,72 5 99,93
Number of samples below 45,27 42 98,67 96,95 13 99,99
detection limit 48,50 56 98,90 >96,95 3 100,00
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Bér (B)

(atomova hmotnost 10,811; atomové ¢islo 5)

Bor je nekovovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxidacnom stupni
+3. Chemickymi a geochemickymi vlastnostami sa podobd viac na kremik ako hlinik.
Bor v priebehu magmatickych procesov tvori stabilné komplexy s kyslikom ako napr.
(BO4)5* a pod., ktoré su inkompatibilné so Struktirami silikdtov. Z uvedeného dovodu sa
akumuluje v neskorsich $tddidch vyvoja vyvretych hornin. Najvyssi obsah béru (2,8-3,6 %)
md turmalin.

Remobilizdcia B bola dokdzand pocas etdp hydrotermdlne;j alterdcie a pri vysokom stupni
metamorfozy. Na druhej strane, granulitové a amfibolitové frakcie obsahuju vo veobec-
nosti iba nizku koncentrdciu béru.

Najvyssi obsah B maju sedimentdrne horniny. Extrémne vysoky obsah sa zistil v popole po
spalovani uhlia, ¢o dokazuje jeho afinitu k organickej hmote. Velky vyznam a vplyv na
distribuiciu boru maju klimatické podmienky, v dosledku ¢oho sa hydratované minerdly
boru prednostne akumuluju v aridnych oblastiach v prostredi uzatvorenych Struktr.
Medzi minerdly béru, ktoré su v prirode zriedkavé, patri sasolin a tinkal.

Pri procesoch zvetrdvania minerdlov s obsahom béru (turmalin — mélo rozpustny vo vo-
de, plagioklasy, sludy a bordty) dochddza k ich rozptstaniu a do roztoku sa bér dostdva
najmé vo forme B(OH),", nedisociovanej Kyseliny boritej a polymerickych komplexov,
ktorych vznik a forma zdvisia od pH prostredia.

Priemerny obsah béru v rie¢nych sedimentoch Slovenska je 63 + 35 mgkg! a jeho
koncentrdcia sa pohybuje v pomerne Sirokom rozpdti. Distribticia boru koreSponduje
s distribtciou litia.

Plo$né anomdlie s najvy$§im zasttipenim B v intervale 75-170 mg.kg™! st charakteristické
pre sedimenty flySového pdsma Zapadnych Karpdt a odrdzaju litologické zastipenie ilov-
cov a pieskovcov. Priemerny obsah B v flovcoch je 103 mg.kg™! a v pieskovcoch 50 mg.kg.
Spissko-gemerské rudohorie zasttipenim greizenizovanych granitov gemerika a granitoi-
dov veporika predstavuje znosové oblasti s vysokym obsahom bdru. Podobne mozno
charakterizovaf krystalinikum Nizkych Tatier, Malej a Velkej Fatry.

V krystaliniku ostatnych jadrovych pohorf a neovulkanitov sa pohybuje obsah béru v in-
tervale 25-35 mg.kg™! a v podstate zodpovedd zastipeniu jednotlivych horninovych typov
znosovych oblasti a tvori rozsiahle plochy.

Najnizsi obsah boru je v povodiach zo znosovych oblasti, ktoré su tvorené mezozoickymi
karbondtmi. Tento charakter distribicie B zodpovedd aj jeho priemernej koncentrdcii
v materskych hornindch, vdpencoch a dolomitoch, kde su jeho priemerné hodnoty 5-15
mg.kg!.

B

Boron (B)

(atomic weight 10.811; atomic number 5)

Boron is a nonmetallic element naturally occurring in the oxidation state +3. Its chemical
and geochemical properties are similar to those of silicium rather than aluminium. During
magmatic processes boron forms stable complexes with oxygen, such as (BO,)* etc. which
are incompatible with silicate structures. For this reason, boron accumulates in later
stages of the formation of igneous rocks. The highest boron content (2.8 - 3.6 %) occurs
in tourmaline.

B remobilization has been ascertained during hydrothermal alterations and high-grade
metamorphism. In contrast, granulite and amphibolite grades are generally low in boron.
The highest B contents are found in sedimentary rocks. Extremely high concentrations in
coal ash attest to boron's affinity to organic matter. Boron distribution is strongly
controlled by climatic conditions since hydrous B minerals accumulate primarily in arid
areas in an environment of closed structures. Rare boron minerals include sassolite and
tincal.

During weathering, boron-containing minerals (tourmaline poorly soluble in water,
plagioclases, micas and borates) are dissolved and boron is released into solution mostly
as B(OH)*, undissociated boric acid and polymeric complexes whose form and origin are
governed by the pH of the environment.

The boron contents in Slovakia's stream sediments vary greatly and average 63 + 35
mg.kg!. The distribution of boron corresponds to that of lithium. Areal anomalies with
the highest B contents between 75 and 170 mg.kg! are characteristic of sediments of the
Western Carpathians' Flysch belt and reflect the percentages of claystones and
sandstones. The average B concentration in claystones is 103 mg.kg"' and in sandstones
50 mg.kg!. The Spissko-gemerské rudohorie with its greisenized Gemeric granites and
Veporic granitoids are boron-rich source areas. The same holds true for the crystalline
units of the Nizke Tatry, Mald Fatra and Velkd Fatra Mts.

In the crystalline units of the other core mountains and Neovolcanics (Neogene
volcanics), boron content over vast areas varies between 25 and 35 mgkg!, which
essentially corresponds to the percentages of respective rock types in the source areas.
The lowest boron concentrations have been noted in drainage basins whose source areas
are dominated by carbonates. This distribution pattern of boron complies with its average
concentration in the source rocks - limestones and dolomites with average concentrations
of 5- 15 mgkg!'B.

. 3500 - 100%
BOR 3000 ] /, [ 90%
BORON | M . - 80%
1 % >, 2500 / ‘bez 99. E)hercennlu. L 70%
mg.kg 8o 2000 / without 99" percentile | 60%
£9 - 50%
Statistické parametre g g 1500 o L 40%
Statistics Parametres o L 1000 - 30%
Aritmet. priemer 62,70 500 4 - 20%
Arithmetic mean r10%
Standardna odchylka 34,70 A A
Standard Deviation - 8§ @ 8 ¢ 5 8 ¢ § 8 9 8§ ¥4 5 8 g
- i - - i - -
Geometr. priemer 56,98 1
Geometr. Mean mg.kg
Median 60,00
Median
Minimum 1,50 Triedy Pocetnost’ Kumulativhe % Triedy Pocetnost’ Kumulativhe %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 2210,00 15 6 0,02 91,1 498 92,61
Maximum 71 20 0,11 96,7 376 94,16
25. percentil 50,00 12,7 54 0,33 102,3 318 95,48
75. percentil 70,00 18,3 280 1,49 107,9 216 96,37
99. percentil 170,00 23,9 558 3,80 113,5 186 97,14
Hladina vyznamnosti (95 %) 0,44 29,5 790 7,06 119,1 124 97,65
Confidence Level (95 %) 35,1 1662 13,93 124,7 122 98,16
40,7 1053 18,29 130,3 158 98,81
46,3 1506 24,51 135,9 51 99,02
Detekény limit 3,00 51,9 2061 33,03 141,5 59 99,26
Detection limit 57,5 2607 43,81 147,1 44 99,45
63,1 3178 56,95 152,7 39 99,61
Pocet vzoriek pod 68,7 2783 68,46 158,3 30 99,73
detekénym limitom 6 74,3 2113 77,19 163,9 23 99,83
Number of samples below 79,9 1486 83,33 169,5 26 99,93
detection limit 85,5 1745 90,55 >169,5 16 100,00




(7))
=
Z
L
=
(@]
L
(%)
=
<
Ll
14
-
(7]
>
o
)
-
m
)
o
L
(14
<
>
(@)
-
()
L
I
-
T8
©)
<
=
-
<
e
=
L
I
O
O
L
O

0o‘oLee
0S°L
0l'v0Z)
€70
0L'v€
8695
0009

0429

JWiNWIXe|

Jwnwixep

:wnWiuIN

:wnwiuip

:90uelEe/)

eloueliep

(%56) 9A8] ®2UBpPYUOD
(%S6) nsouweuzAA euipelH
-:uoljeirsp piepuels
:e)1£yoapo g

:ueaW "J)aWos5)
:1owald "woan
:UeIpaN

:uelipapy

UBsW "olIBWYIY
aswaud ‘uuy

cev ve

uoiog
104

( Bybwe)
Jlwi| uonoslep mojjeq
:s9|dwes jo Jaquinu

( Brbug)
‘woywi| wAusalep pod
¥8l0zA 3920d

:s9|dwes jo Jaquinu
oLI0zA }830d

d

79



80

Barium (Ba)

(atémovd hmotnost 137,34; atdmové ¢islo 56)

Bdrium patri medzi prvky alkalickych zemin a v prirodnych podmienkach sa vyskytuje
v oxida¢nom stupni +2.

V priebehu diferencidcie magmy sa zo silikdtovej taveniny odstrafiuje pri procesoch
krystalizacie draselnych minerdlov v dosledku substitticie K* za Ba?*. Jeho geochemickd
separdcia nastdva aj v hydrotermdlnych roztokoch a pocas procesov zvetrdvania. Najbez-
nej$im minerdlom Ba je baryt, ktory sa vyskytuje v asocidcii s Pb-Zn alebo Cu-Mn rudnou
mineralizdciou. Z hydrotermdlnych roztokov a ocednskej vody za pritomnosti siranov je
jeho vyzrdzanie uplné.

Pri procesoch zvetrdvania je mobilné iba za nepritomnosti siranovych iénov. Rozpustené
bdrium je v prevaZnej vacsine adsorbované z roztoku na koloidné Castice a sedimentuje.
Sorpcia preferencne prebieha na flovych minerdloch a klesd v rade: montmorillonit
— kaolinit - illit. V rie¢nych sedimentoch je viazané na horninovy detrit a ¢iastocne drasel-
né Zivce. Vyskytuje sa tu v8ak aj vo forme barytu, ktory je viazany na jemnu frakciu rie¢ne-
ho sedimentu.

Bdrium sa pouZiva ako vrtny vyplach, materidl filtrov a ako pigment v rozli¢nych priemy-
selnych odvetviach. Jeho technogénny vplyv na Zivotné prostredie je pravdepodobne
minimdlny.

Distribticia bdria v rie¢nych sedimentoch Slovenska velmi dobre koreSponduje so zasttipe-
nim jednotlivych horninovych typov v znosovych oblastiach. Vzniknuté anomdlie presahu-
ju plo$né ohranicenie litotypov, ¢o mozno vysvetlit pomerne velkym migra¢nym dosahom
Ba v podobe detritického barytu.

Priemerny obsah Ba v rie¢nych sedimentoch je 478 + 450 mg.kg' s velkou varianciou
zapriCinenou rozdielnou koncentrdciou v zdrojovych hornindch.

Kontinudlne zény s najvy$sim obsahom bdria v rozmedzi 555-1 263 mg.kg! su viazané na
znosové oblasti kryStalinika tatrika a veporika, metamorfovanych vulkanosedimentdrnych
komplexov gemerika a neovulkanitov. Navyse, v oblasti Spissko-gemerského rudohoria sa
vyskytuje velké mnoZstvo loZisk a vyskytov komplexnych sideritovo-sulfidickych rid
obsahujtcich baryt v asocidcii hlavnych minerdlov.

V oblastiach s paleogénnymi a neogénnymi sedimentmi je distribticia Ba zdvisld od
zastupenia flovcov a pieskovcov v znosovych oblastiach a v rie¢nych sedimentoch sa
pohybuje v rozmedzi 341-555 mg.kg™! (zdrojovd oblast s prevlddajticimi flovcami) a 266-
341 mg.kg! (zdrojovd oblast s prevlddajticimi pieskovcami).

Regiony, kde prevlddaju karbondtové horniny, st charakteristické najniz$im obsahom Ba
(menej ako 341 mg.kg™!) v rie¢nych sedimentoch.

Ba

Barium (Ba)

(atomic weight 137.34; atomic number 56)

Barium is an alkali-earth element which occurs in nature in the oxidation state +2. During
magmatic differentiation it is removed from silicate melt through the crystallization of
potassium minerals in which Ba>* substitutes for K*. Barium is geochemically separated
in hydrothermal solutions and during weathering. Its major mineral is barite which occurs
in association with Pb-Zn or Cu-Mn mineralization. It is completely precipitated from
hydrothermal solutions and from seawater in the presence of sulphates. During weather-
ing processes, barium is mobile only in the absence of sulphate ions. Dissolved barium is
mostly adsorbed from solution on colloidal particles and is thus deposited. The adsorp-
tion takes place largely on clay minerals (in descending order): montmorillonite, kaolinite,
illite. In stream sediments, barium is bound to rock fragments and partly to potassic
feldspars. However, it is also present as barite in the fine fraction of sediment.

Barium is used as a drilling fluid, filter material and pigment in various industries. The
environment impact of barium produced by man is probably minimum.

Barium distribution in Slovakia's stream sediments very well corresponds to the distribu-
tion of respective rock types in the source areas. Its anomalies in stream sediments spread
beyond the areas underlain by anomalous rock types because of the fairly good mobility
of detrital barite.

The Ba content in stream sediments averages 478 + 450 mg.kg ' and varies greatly thanks
to differences in Ba contents in the source rocks.

Continuous zones with the highest barium concentrations between 555 and 1,263 mg.kg!
are associated with source areas in the crystalline units of the Tatricum and Veporicum,
metamorphosed volcano-sedimentary complexes in the Gemericum and with the
Neovolcanics. Furthermore, the Spi§sko-gemerské rudohorie abounds with deposits and
occurrences of complex siderite-sulphide ores whose major economic minerals comprise
also barite.

In areas underlain by Paleogene and Neogene sediments, barium distribution is controlled
by the percentages of claystones and sandstones in the source areas, and barium values in
stream sediments amount to 341 - 555 mg.kg! (source areas dominated by claystones) or
266 -341 mg.kg! (source areas dominated by sandstones).

Carbonate-dominated regions have the lowest Ba contents in stream sediments (less than
341 mg.kg™h.

. 4000 - _ 100%
BARIUM 2500 | — / - 90%
L 0,
BARIUM S S 3000 + [ bez 99 percentilu L 3802
mg.kg'l 4 £ 2500 / without 99" percentile L 60%
£ “8’_ 2000 - / - 50%
Statistické parametre '8 © 1500 / - 40%
Statistics Parametres o000 - r 30%
Aritmet. priemer 477,72 500 | [ 20%
- 10%
Arithmetic mean 0 : ‘ ‘ ‘ ‘ ‘ ‘ ‘ ; —+— : ‘ — 0%
Standardna odchylka 449,82 ® o4 v ®» 4 © g @ © @ I 5 94 3 @ g
Standard Deviation <o ey e e~ e 2 3 3 O3 9
Geometr. priemer 434,94 mg.kg™
Geometr. Mean
Median 424,00
Median
Minimum 7,50 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 29600,00 8 35 0,14 676 559 90,97
Maximum 49 25 0,25 718 465 92,90
25. percentil 356,00 91 46 0,44 760 352 94,35
75. percentil 521,00 133 53 0,67 802 271 95,47
99. percentil 1263,10 175 110 1,11 844 219 96,38
Hladina vyznamnosti (95 %) 5,64 217 257 2,17 885 205 97,23
Confidence Level (95 %) 258 515 4,30 927 156 97,87
300 1403 10,10 969 106 98,31
342 2471 20,32 1011 103 98,73
Detekény limit 15,00 384 3601 35,21 1053 79 99,06
Detection limit 426 3855 51,14 1094 80 99,39
467 3111 64,01 1136 43 99,57
Pocet vzoriek pod 509 2350 73,72 1178 37 99,72
detekénym limitom 35 551 1584 80,27 1220 35 99,87
Number of samples below 593 1226 85,34 1262 31 100,00
detection limit 635 804 88,66 >1261 1 100,00
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Berylium (Be)

(atomova hmotnost 9,0122; atdmové ¢islo 4)

Berylium sa v prirodnych podmienkach vyskytuje v oxida¢nom stupni +2. Patri medzi
litofilné stopové prvky alkalickych zemin.

Berylium sa koncentruje vo fluidnych rezidudlnych roztokoch odvodenych od kyslej mag-
my prevazne v granitoch a pegmatitoch. Vo vodnej pare je prchavé. Podobne st prchavé
komplexy berylia s flu6rom. Najvy$Siu koncentrdciu Be maju jeho minerdly ako beryl
a chryzoberyl. Jeho pomerne Sirokd distribucia v litosfére je spdsobend vyskytom Be
v alumosilikdtoch, hlavne v sfuddch (najma muskovit).

Remobilizacia berylia do minerdlnych fdz (sludy, topds, fluorit a pod.) je vysledkom naj-
ma hydrotermdlnych a metasomatickych procesov, pricom Be moZe byt progresivne
odstrdnené v zdvislosti od zvySujuceho sa stuptia metamorfozy.

Minerdly berylia st v procesoch zvetrdvania relativne stabilné. V rie¢nych sedimentoch sa
vyskytuje najmi v beryle, sluddch, plagioklasoch a flovych minerdloch. Dekompoziciou
tychto minerdlnych fdz vznikd nepatrne rozpustny Be(OH),, ktor¢ho mobilita zdvisi od
oxida¢no-redukénych podmienok. Pri oxida¢nych podmienkach sa Be z roztoku zrdZza
spolu s hydratovanymi oxidmi Fe a Al, alebo sa adsorbuje na flové minerdly. ZvySeny ob-
sah Be v rie¢nych sedimentoch sa vyskytuje v pritomnosti roztokov so zvy$enym obsahom
fludru. V rie¢nych sedimentoch je Be akumulované vo frakcii tazkych minerdlov a jemnej
frakcii a v§eobecne v porovnani s materskymi horninami tu md vyssiu koncentrdciu.
Pouziva sa najmi ako legujtici prvok do r6znych druhov ocele. Jeho technogénny vplyv na
Zivotné prostredie je mdlo vyznamny.

Priemernd koncentrdcia berylia v rie¢nych sedimentoch Slovenska je 1,5 + 0,9 mg.kg™!. A7
40 % zo vSetkych hodnot uvedenych v tomto atlase spadd do intervalu 1,3-2,0 mg.kg™".
Distribucia berylia je podobnd na distribticiu hlinika a gdlia a koreSponduje s geologickou
stavbou Zdpadnych Karpdt. VSeobecnd platnost obohatenia rie¢nych sedimentov o Be
oproti materskym hornindm sa potvrdila ¢i uZ v oblastiach tvorenych granitoidmi, alebo
aj karbondtovymi horninami.

Anomdlie v rozsahu 2,1-3,4 mg.kg™' su charakteristické v oblastiach krystalinika jadrovych
pohori, neogénnych vulkanickych hornin a flovcov vonkajsieho flySového pdsma.

7 hladiska najkontrastnejSej anomadlie berylia si zasliZi pozornost regién SpiSsko-
-gemerského rudohoria. Zdrojovou oblastou Be su tu najmi greizenizované granity
gemerika, v ktorych je najvyssi priemerny obsah Be (4,4 mg.kg™) spomedzi vSetkych hor-
ninovych typov Slovenska a vdaka vyskytu velkého mnoZstva rudnych mineralizdcii
sulfidického charakteru je eSte vyssi. Zdroveni su tu aj vhodné podmienky na tvorbu riec-
nych sedimentov.

Podobne ako v pripade Al a Ga st tzemia s koncentracnym rozsahom berylia 0,05-0,8
mg.kg™! viazané na znosové oblasti tvorené karbondtovymi horninami a pieskovcami.

Be

Beryllium (Be)

(atomic weight 9.0122; atomic number 4)

Beryllium is a lithophile trace alkali-earth element which naturally occurs in the oxidation
state +2. It concentrates in fluid residual solutions derived from acid magma primarily in
granites and pegmatites. In water vapour, beryllium is volative and so are its complexes
with fluorine. The highest Be concentrations are found in its minerals, such as
chrysoberyl. This element is widely distributed in the lithosphere owing to its presence in
aluminosilicates, notably micas (mainly muscovite).

Beryllium is remobilized into mineral phases (micas, topaz, fluorite, etc.) mainly in
hydrothermal and metasomatic processes, but may be progressively removed by the
increasing metamorphic grade.

During weathering processes, beryllium minerals are fairly stable. In stream sediments,
beryllium occurs largely in beryl, micas, plagioclase and clay minerals. The decomposition
of these minerals gives rise to negligibly soluble Be(OH), whose mobility is controlled by
redox conditions. Under oxidation conditions, Be precipitates from solution together with
Fe and Al oxides or gets adsorbed on clay minerals. Increased Be contents in stream
sediments are associated with solutions with an increased fluorine content. Be accumu-
lates in the heavy-mineral and fine fractions of stream sediments where it is generally more
abundant than in the source rocks.

It is used mainly as an alloy in various kinds of steel. Its man-made environmental impact
is of little importance.

The average beryllium concentration in Slovakia's stream sediments is 1.5 + 0.9 mg.kg.
As much as 40 % of all Be values are within the interval of 1.3 - 2.0 mg.kg™.

The distribution of beryllium resembles those of aluminium and gallium, and corresponds
to the geological structure of the Western Carpathians.

The general principle that stream sediments are richer in Be than their parent rocks has
been confirmed in areas underlain by granitoid or carbonate rocks. Anomalies between 2.1
and 3.4 mg.kg' Be are typical of the crystalline units of the core mountains, Neogene
volcanic rocks and claystones of the outer Flysch belt.

The most contrasting beryllium anomalies occur in the Spissko-gemerské rudohorie. The
source areas are underlain largely by greisenized Gemeric granites which have a higher
average beryllium content (4.4 mg.kg!) than any other rock type in Slovakia. The Be
content is further increased by a multitude of sulphide occurrences in this area. At the
same time the region has favourable conditions for the deposition of stream sediments.
Like those of Al and Ga, beryllium concentrations between 0.05 and 0.8 mg.kg ! are associ-
ated with source areas composed of carbonates and sandstones.

. 2500 - — - 100%
BERYLIUM - 90%
BERYLLIUM 2000 | /7 80%
i} % bez 99. percentilu F 70%
mg.kg ! 3 ‘:>" 1500 - 4 without 99" percentile| | 60%
£ — - 50%
Statistické parametre '8 1000 - L 40%
Statistics Parametres o » - 30%
Aritmet. priemer 1,46 500 B r 20%
erithmetic mean 0 ] I (1)002/"
Standardna odchylka 0,93 b ~ o a4 ® B o~ o d ® v o~ o o4 @ w»
Standard Deviation S 8 s s 3 I3 % 5 3 3 S I & o«
Geometr. priemer 1,18 mg.kg'l
Geometr. Mean
Median 1,40
Median
Minimum 0,05 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 55,00 0,05 305 1,26 1,81 1185 71,15
Maximum 0,16 375 2,81 1,92 1092 75,67
25. percentil 0,90 0,27 548 5,08 2,03 1138 80,37
75. percentil 2,00 0,38 674 7,86 2,14 827 83,79
99. percentil 3,40 0,49 656 10,57 2,25 750 86,89
Hladina vyznamnosti (95 %) 0,01 0,60 1407 16,39 2,36 651 89,58
Confidence Level (95 %) 0,71 777 19,60 2,47 517 91,72
0,82 849 23,11 2,58 423 93,47
0,93 845 26,61 2,69 322 94,80
Detekény limit 0,10 1,04 1395 32,38 2,80 547 97,06
Detection limit 1,15 980 36,43 2,91 185 97,82
1,26 1083 40,90 3,02 218 98,73
Pocet vzoriek pod 1,37 1187 45,81 3,13 111 99,19
detekénym limitom 305 1,48 1196 50,76 3,24 101 99,60
Number of samples below 1,59 1277 56,04 3,35 61 99,86
detection limit 1,70 2471 66,25 >3,35 35 100,00
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Bizmut (Bi)

(atémova hmotnost 208,980; atémové ¢islo 83)

Bizmut je chalkofilny prvok, ktory sa v prirodnych podmienkach vyskytuje v oxidatnom
stupni +3.

V priebehu magmatickych procesov moéZze nahrddzat Pb’*+ a Y3*. Su dokazy aj o jeho
substituicii za Ca’* v apatitoch. Podobne ako olovo aj bizmut je inkompatibilny v tom
zmysle, Ze ako volny i6n nevstupuje do krystdlovej mriezky silikdtov. Z uvedenych dovo-
dov sa akumuluje v granitoch a pegmatitoch.

Bizmut sa v rozptylenej forme vyskytuje v sulfidoch, najmi galenite. Naj¢astej$im minerd-
lom bizmutu je bizmutin.

Bizmut je vyznamny prospekény vyhladdvaci prvok, ktory v granitovych intruzivnych cen-
trdch a diskordantnych Struktirach indikuje mozny vyskyt 7il so zlatou mineralizdciou.

V rie¢nych sedimentoch je zvyCajne bizmut viazany na primdrne sulfidické minerdly
a mnohokrdt je typicky sucastou sekunddrnych minerdlnych fdz.

V priebehu procesov zvetrdvania vytvdra Bi, podobne ako As, Sb a Pb, nerozpustné soli
a tiez sa sorbuje na Fe a Mn hydratované oxidy a organické ldtky prirodného aj
antropogénneho povodu.

Vseobecne v riecnych sedimentoch je zvySeny obsah bizmutu viazany predovsetkym na
sulfidicku mineralizdciu. Jeho technogénna distribucia a vplyv na Zivotné prostredie su
madlo vyznamné.

Priemerny obsah bizmutu v rie¢nych sedimentoch Slovenska je 0,3 = 1,5 mg.kg™!, ¢o v po-
rovnani s jeho obsahom v zemskej kore (0,15 mg.kg™) je vyssia hodnota. Analyticky de-
tekény limit pre Bi bol 0,1 mg.kg™'. To prakticky znamend, Ze 2/3 hodnot boli vyssie ako
priemernd koncentrdcia v zemskej kore.

Distribticia obsahu bizmutu v rie¢nych sedimentoch md velmi nizku variabilitu a pri ne-
dostatku informdcif o jeho koncentrdcii v jednotlivych horninovych typoch je pomerne taz-
ké odovodnit jeho geogénny, resp. antropogénny pdvod.

Hodnoty vy3Sie ako priemer su v8ak charakteristicky viazané na rudnu mineralizdciu. Ano-
mdlia v intervale 0,3-1,6 mgkg! sa vyskytuje v jednotlivych komplexoch gemerika
a veporika. Zdrojom bizmutu st tu najma: Cu lozisko (Smolnik), mnohé Pb-Zn-Cu vysky-
ty, loZiskd komplexnych sideritovo-sulfidickych rid, vyskyty Sn-W-Mo a Cu-Ni-Co rud.
Podobne je to aj v kryStaliniku tatrika a veporika, najmi v Nizkych Tatrdch, Malych Kar-
patoch a pod.

V prostredi sedimentov paleogénu je distribticia bizmutu limitovand zastuipenim ilovcov
a pieskovcov v znosovych oblastiach. Koncentrdcia okolo priemeru je charakteristickd pre
povodia s prevahou ilovcov.

Koncentricia niZ8ia ako priemernd hodnota je typickd pre znosové oblasti mezozoickych
karbondtov.

Bi

Bismuth (Bi)

(atomic weight 208,980; atomic number 83)

Bismuth is a chalcophile element which naturally occurs in the oxidation state +3. During
magmatic processes it substitutes for Pb** and Y**. Some evidence also suggests its
substitution for Ca?* in apatites. Like lead, bismuth is also incompatible as its free ions
do not enter crystal lattices of silicates. For these reasons it accumulates in granites and
pegmatites.

Bismuth is dispersed in sulphides, notably galena. Its most abundant mineral is
bismuthite.

Bi is an important pathfinder element indicating possible presence of gold mineralization
in granite intrusive centres and conformable structures.

In stream sediments, bismuth is usually bound to primary sulphides and often also to
secondary minerals.

Like As, Sb and Pb, during weathering processes bismuth forms insoluble salts and gets
adsorbed on hydrous Fe and Mn oxides and organic matter either natural or man-made.
In general, increased Bi values in stream sediments are associated mainly with sulphide
mineralization. Its distribution and environmental effects have been little affected by
human activities.

The average bismuth content in Slovakia's stream sediments (0.3 + 1.5 mg.kg') exceeds
the average value in the earth's crust (0.15 mg.kg!). The detection limit of the analytical
method used was 0.1 mg.kg! which means that two thirds of the values exceeded the
average concentration in the earth's crust.

The distribution of bismuth in stream sediments displays very little variability and, given
the lack of data on its concentrations in respective rock types, it is difficult to decide
whether this has natural or man-made causes.

Bi values above the average are typically associated with ore mineralization. Anomalies
ranging from 0.3 to 1.9 mg.kg"! Be occur in Gemeric and Veporic complexes where the
bismuth has originated from the Smolnik copper deposit, numerous Pb-Zn-Cu
occurrences, deposits of complex siderite-sulphide ores as well as Sn-W-Mo and Cu-Ni-
Co occurrences. Similar anomalies are found also in the crystalline units of the Tatricum
and Veporicum, notably in the Nizke Tatry, Malé Karpaty, etc.

In areas underlain by Paleogene sediments, bismuth distribution is controlled by the
percentage of claystones ; sandstones in the source areas. The medium concentrations
typically occur in claystone-dominated areas, whereas below-average concentrations are
characteristic of the source areas underlain by Mesozoic carbonates.

. 9000 - 100%
Bizmut 8000 | — - 90%
Bismuth 7000 - _/J—/—/_ - 80%

- = 11 bez 99. percentilu F 70%
mg.kg . § % 2282 | /_ without 99" percentile - 60%

e @ 34000 - [ 20%
Statistické parametre 8o 3000 - _/ - 40%
Statistics Parametres o /— - 30%

- - 2000 - L 20%

Aritmet. priemer 0,30 1000 77 | 1o%

@rithmetic mean o1 I | 0%

Standardné odchylka 1,53 W 1 v W LW W W W W W W W W W W W0

. . o — N ™ < n © N~ [ee] (o) o i N ™ < o

Standard Deviation S 86 o &6 8 o & & S S 4G9 +a4 o 4G 4 o

Geometr. priemer 0,19 mg.kg™

Geometr. Mean

Median 0,20

Median

Minimum 0,05 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %

Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %

Maximum 183,00 0,05 1806 7,47 0,85 0 97,38

Maximum 0,10 6413 33,98 0,90 148 97,99

25. percentil 0,10 0,15 0 33,98 0,95 0 97,99

75. percentil 0,30 0,20 8175 67,78 1,00 162 98,66

99. percentil 1,60 0,25 0 67,78 1,05 0 98,66

Hladina vyznamnosti (95 %) 0,02 0,30 3984 84,25 1,10 87 99,02

Confidence Level (95 %) 0,35 0 84,25 1,15 0 99,02
0,40 1565 90,72 1,20 57 99,26
0,45 0 90,72 1,25 0 99,26

Detekény limit 0,10 0,50 720 93,70 1,30 56 99,49

Detection limit 0,55 0 93,70 1,35 0 99,49
0,60 425 95,45 1,40 46 99,68

Pocet vzoriek pod 0,65 0 95,45 1,45 0 99,68

detekénym limitom 1806 0,70 260 96,53 1,50 41 99,85

Number of samples below 0,75 0 96,53 1,55 0 99,85

detection limit 0,80 207 97,38 >1,55 36 100,00




85

winwixep
:wnwixep
‘ wnwiuiy
S00 ‘wnwiulin

‘ :90UBLIBA
Ge¢ ‘eloueLiep

‘ (%G6) 19A8] ®oUBPHUOD
Ay (%S6) nsouweuzAa euipejH

‘ :uoneinsp piepuels
eat :ey|4yopo 1g
“UBBW "J}WO099)
:Jawaud "woa9
‘ :uelpsiy
0c0 :ueipay

‘ :UBSW "ONOWUIIY
080 :swsld “wyuy

00°'€8l

)
& A
vee & o (
LAY g (O

6L°0

0
e
Z
LU
=
(@]
LUl
o0
=
<
LLl
12
-
(2}
>
[
<
o
o
|
o
2
o
LU
14
<
>
©)
-
0
LU
I
[
LL
©)
<
<
3
)
=
L
I
O]
O
LUl
o

( Bxbw 1'0)
Wl UOROSISP MOJ|Sq
:sg|dwes jo Jaquinu

908 |

( ByBw L)
‘woywi] wAugxeyep pod
j8lozA 1890d
cEY ve
:se|dwes jo Jaquinu
:8uozA }830d

s:sm..m
nwizig g



86

Vépnik (Ca)

(atémova hmotnost 40,08; atémové ¢islo 20)

Vépnik patri medzi kovy alkalickych zemin. V prirodnych podmienkach sa vyskytuje v oxi-
dac¢nom stupni +2. Vdpnik je piaty najviac zastipeny prvok v zemskej kore.

V magmatickych procesoch je celkovy obsah vdpnika viazany na skorSie Stddium krySta-
lizdcie silikdtovej taveniny, pricom Ca je charakteristicky prvok pre mafické horniny s niz-
kym obsahom kremika. Geochemické vlastnosti vdpnika v krystalickych mriezkach do
velkej miery kontrolujui obsah mnohych stopovych prvkov v hornindch.

V priebehu strednej a vysokostupiiove] metamorfozy je vapnik prakticky imobilny. Mobi-
lizuje sa pri nizkoteplotne;j alterdcii za vzniku sekunddrnych Ca minerdlov.

Vépnik je najviac zastipeny v karbondtovych sedimentoch, najmi vdpencoch a dolomi-
toch. Jeho koncentrdcia je vysokd aj v dalsich sedimentoch ako napr. sadrovci, anhydrite
a inych evaporitoch.

Minerdly vdpnika su najmé kalcit, aragonit, dolomit, apatit, sadrovec, anhydrit a pod.
Pri procesoch zvetrdvania si najma karbondty pri vhodnom pCO, pomerne dobre
rozpustné, podobne aj ostatné minerdly. Z roztoku sa vdpnik zrdZa, alebo je prijimany
organizmami za vzniku kalcitu alebo aragonitu.

Tazi sa najmi ako védpenec a dolomit, ktoré maju iroké pouZitie ako stavebny materidl,
hnojivd, v chemickom priemysle a inde.

Principidlne jeho antropogénna distribucia neohrozuje Zivotné prostredie. Vynimkou su
cementdarne.

Priemerny obsah vdpnika v rie¢nych sedimentoch Slovenska je 3,06 + 3,61 %. Je to rov-
nakd hodnota ako pre kontinentdlnu zemsku koru. Velkd variabilita Ca je podmienend po-
merne velkymi rozdielmi koncentrdcie vdpnika v zdrojovych hornindch a $pecifickymi
podmienkami pri zvetrdvani, migrdcii a tvorbe sekunddrnych minerdlnych fdz.
Distribucia vapnika vykazuje dve viac-menej ststredené najvyssie anomdlie. Prvd sa viaze
na znosové oblasti budované mezozoickymi karbondtmi, dokonca aj v pomerne tizkom
pruhu bradlového pdsma. Koncentrdcia Ca v rie¢nych sedimentoch tu dosahuje hodnoty
3-18 %. Druhd anomdlia v rovnakom intervale koncentrdcie vdpnika je viazand na $irSiu
oblast Podunajskej niZiny a jej sz. vybezkov. Predpokladd sa, Ze je kumulovand z viacerych
zdrojov, a to znosovych oblasti mezozoickych karbondtov, pdd s vysokym podielom
karbondtov a vznikom sekunddrnych Ca minerdlov v povrchovych tokoch s vysokymi
hodnotami pH. Nevylucuje sa ani urcitd cast Ca antropogénneho pdvodu.

Podpriemernd a najnizSia koncentrdcia Ca vytvdra lokdlne anomdlie, najma v oblasti
Spissko-gemerského rudohoria (metamorfované paleozoické horniny maju nizky obsah
CaO, prevazne do 1 %) a sedimentoch vonkajsieho flySového pdsma.

Ca

Calcium (Ca)

(atomic weight 40.08 ; atomic number 20)

Calcium is an alkali-earth metal naturally occurring in the oxidation state +2. It is the fifth
most abundant element in the earth's crust.

In magmatic processes, the total calcium content is bound to the early stage of silicate-
melt crystallization, calcium being a typical element of basic, low-silica rocks. The
geochemical properties of calcium in crystal lattices control, to a great extent, the concen-
trations of many trace elements in rocks.

During medium- and high-grade metamorphism, calcium is virtually immobile. It is
mobile, however, during low-temperature alterations giving rise to secondary Ca minerals.
Calcium is most abundant in carbonate sediments, mainly limestones and dolomites. Its
contents are high also in other sediments, such as gypsum, anhydrite and other evapor-
ites.

Major calcium minerals are calcite, aragonite, dolomite, apatite, gypsum, anhydrite, etc.
During weathering processes, calcium-containing minerals, particularly carbonates at a
suitable pCO,, are fairly readily soluble. Calcium released into solution precipitates or is
taken up by organisms and calcite or aragonite are formed in the process.

It is quarried largely as limestone and dolomite which are widely used as building materi-
als, fertilizers, in chemical industry, etc.

Its man-made distribution does not essentially affect the environment, the only exception
being cement plants.

The average calcium contents in Slovakia's stream sediments (3.06 + 3.61 %) are equal to
the average content in the continental earth's crust. The high variability of the Ca contents
results from considerable differences in Ca values between respective source rocks and
from specific conditions of weathering, migration and formation of secondary minerals.
The distribution of calcium displays two more or less concentrated highest anomalies.
One is associated with source areas underlain by Mesozoic carbonates, even in the quite
narrow zone of the Klippen belt. The Ca concentrations in stream sediments vary from 3
to 18 %. The other anomaly of equal Ca concentrations occurs in a wider area of the
Danube Lowland and its northwestern extensions. It supposedly has several sources,
namely Mesozoic carbonates, carbonate-rich soils and Ca minerals in surface streams
with high pH values. The Ca may partly be of man-made origin.

Below-average and lowest Ca concentrations form local anomalies mainly in the Spissko-
gemerské rudohorie (metamorphosed Paleozoic rocks have low CaO contents, mostly
below 1 %) and amidst sediments of the outer Flysch belt.

9000 - 100%
A 8000 - - 90%
VAPNIK 7000 - / - 80%
CALOCIUM % 556000 : 702@
%o 2 S 5000 - / I :g;;
3 | I
Statistické parametre S 8 gggg | [ 40%

. oL - 30%
Statistics Parametres 2000 4 [
Aritmet. priemer 3,06 1000 1 | 1o%
@rithmetic mean 0 ‘ ‘ ‘ = - | | P
Standardnéa OdCh)’/”(a 3,61 - ) 0 ~ o — 19} 0 ~ o — ™ 0 ~ o -

- ©c ®© © o « © o « 1,y ® « wu o o ¥ @«
étandartd Deylatlon L 86 o Y < © o :1' o < < S ) 3 N g N S
eometr. priemer , 0

Geometr. Mean %

Median 1,69

Median

Minimum 0,01 Triedy Pocetnost’ Kumulativhe % Triedy Pocetnost’ Kumulativhe %

Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %

Maximum 35,04 0,01 2 0,01 18,57 81 99,18

Maximum 1,17 8478 34,71 19,73 56 99,41

25. percentil 0,92 2,33 6662 61,98 20,89 39 99,57

75. percentil 3,60 3,49 2992 74,22 22,05 23 99,66

99. percentil 18,03 4,65 1645 80,95 23,21 21 99,75

Hladina vyznamnosti (95 %) 0,04 5,81 1045 85,23 24,37 13 99,80

Confidence Level (95 %) 6,97 805 88,53 25,53 15 99,86
8,13 629 91,10 26,69 13 99,92
9,29 515 93,21 27,85 7 99,95

Detekény limit 0,01 10,45 424 94,94 29,01 4 99,96

Detection limit 11,61 289 96,13 30,17 3 99,97
12,77 192 96,91 31,33 0 99,97

Pocet vzoriek pod 13,93 170 97,61 32,49 2 99,98

detekénym limitom 0 15,09 118 98,09 33,65 1 99,99

Number of samples below 16,25 111 98,55 34,81 2 100,00

detection limit 17,41 74 98,85 >34,81 1 100,00
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Kadmium (Cd)

(atomova hmotnost 112,4; atémové ¢islo 48)

Kadmium sa v prirodnych podmienkach vyskytuje v oxidaénom stupni +2. Geochemicky
je klasifikované ako prvok, ktory sa preferencne viaZe so sulfidmi, a teda md silny chalkofil-
ny charakter.

Najvacsia ¢ast Cd sa koncentruje spolocne so Zn v postmagmatickej etape najma
v stredno- a nizkoteplotnych hydrotermdlnych loZiskdch. Obzvldst vysoky obsah kadmia
sa nachddza vo wurtzite, ¢o vyplyva z velkej moZnosti izomorfie medzi hexagondlnymi
modifikdciami CdS a ZnS, dokonca v krajnych pripadoch mozu vzniknuit ¢leny radu wur-
tzit — greenochit bohaté na kadmium (vlastny sulfid kadmia). V magmatickych hornindch
moZze byt kadmium pritomné v tmavych horninovych minerdloch. Zaujimavy je geochemi-
cky vztah medzi Cd a Ag, ktory sa prejavuje obohacovanim sfaleritov o kadmium v loZis-
kdch obsahujucich striebro.

Pri procesoch zvetrdvania je kadmium pomerne mobilné vo vodnych systémoch v podobe
Cd?* a jeho roznych komplexov. Vyznamnd je sorpcia Cd na suspendovanych ldtkach, ako
st flové minerdly, a koprecipitdcia s hydratovanymi oxidmi Zeleza, mangdnu a hlinika.
Svetovd produkcia kadmia md vzrastajuci charakter, ktory moZno pozorovat
od roku 1950. M4 Siroké pouzitie v roznych priemyselnych odvetviach (elektrolyza kovoy,
ochrana proti kordzii, pigment vo farbiarskom priemysle, pri vyrobe plastov a pod.). Pat-
i medzi prvky, ktoré moZu mat vyznamny lokdlny antropogénny podiel v prirodnom pro-
stredi.

Distribticia kadmia v rie¢nych sedimentoch Slovenska md niekolko $pecifickych znakov.
Koncentrdcia Cd md nizku variabilitu, ktord je zapriCinend najma tym, Ze 42 % vsetkych
hodnot je pod hranicou detekéného limitu (na mape st vyjadrené bodmi). To znamend, Ze
zdroje kadmia su velmi zriedkavé. Medzi geogénne zdroje patria najma rudné mineralizd-
cie a vyskyty v krystaliniku tatrika, veporika, gemerika a metamorfovanych komplexoch
tatrika, veporika, gemerika a neovulkanitoch. Najva¢simi zdrojovymi oblastami kadmia
z tohto hladiska st Spissko-gemerské rudohorie, Nizke Tatry, Stiavnické vrchy a Malé Kar-
paty. Ich vplyv zasahuje do niekolko desiatok kilometrov z uvedenych oblasti a vytvdra
anomdlie v koncentraénom rozmedzi 0,3-3,1 mg.kg™".

Dalsie vyznamné anomdlie kadmia v rozsahu 0,3-3,1 mg.kg" su zrejme antropogénneho
povodu. Su koncentrované do oblasti s hustym osidlenim a priemyselnou vyrobou. Jedna
z najvacsich anomdlif tohto typu sa nachddza v Podunajskej niZine, kde na zdklade povod-
fiovych sedimentov bola aj identifikovand ako industridlna koncentrdcia.

Ostatné oblasti majui hodnoty obsahu kadmia nizSie ako priemerné hodnoty bez vztahu
k horninovému zloZeniu zdrojovych oblasti a vyskytuju sa tu len lokdlne anomadlie geogén-
neho alebo antropogénneho charakteru.

Cd

Cadmium (Cd)

(atomic weight 112.4; atomic number 48)

Cadmium is found in nature in the oxidation state +2. Geochemically, it is classified as
an element preferentially bound to sulphides, i.e. it has a strong chalcophile character.
The majority of Cd concentrates together with Zn in the post-magmatic stage, largely in
medium- and low-temperature hydrothermal deposits. Particularly high cadmium content
in wurzite is due to an easy isomorphic substitution between hexagonal varieties of CdS
and ZnS. In extreme cases, even cadmium-rich members of the wurzite-greenochite
(cadmium sulphide) series are formed. In igneous rocks, cadmium may be present in
mafic rock-forming minerals. Cd has an interesting geochemical relationship with Ag
since sphalerite from deposits containing silver is enriched in cadmium.

During weathering processes, cadmium in the form of Cd** and its various complexes is
quite mobile in aqueous systems. Cd adsoption to suspended solids, such as clay
minerals, and its coprecipitation together with hydrous oxides of iron, manganese and
aluminium play an important role.

The world cadmium production increases since 1950. Cd is widely used in a number of
industries (metal electrowinning, corrosion prevention, dyes, plastics production, etc.). It
is one of those elements whose concentrations in the environment are significantly
increased by human activities.

Cadmium distribution in Slovakia's stream sediments has several specific features. Cd
variability is low, mainly because 42 % of samples had values below the detection limit
(sample sites are marked with dots on the map). It means that Cd sources are very rare.
The natural sources include primarily ore mineralizations and occurrences in the
crystalline units of the Tatricum and Veporicum as well as in metamorphosed complexes
of the Tatricum, Veporicum, Gemericum and Neovolcanics. The major source areas of
cadmium are the Spissko-gemerské rudohorie, Nizke Tatry, Stiavnické vrchy and Malé
Karpaty Mts. They form anomalies containing 0,3 - 3,1 mg.kg"' Cd and their influence
extends to a distance of several tens of kilometres beyond their boundaries. Further major
anomalies are presumably man-made. They concentrate in densely populated industrial
areas. One of the biggest anomalies of this kind lies in the Danube Basin where a study of
floodplain sediments has revealed its industrial origin.

The other areas have below-average Cd contents showing no relationship to the lithology
of their source areas. These are dotted with local natural or man-made anomalies.

11000 - 100%
KADM'UM 10000 L 90%
CADMIUM 9000 1 - 80%
] 3 5, 80007 . L 70%
mg.kg 1 @ G 7000 - .bez 99. percentllu. | s0ot

€ @ 6000 - without 99" percentile

— @ 2 5000 [ 50%
Statistické parametre '8 @ 4000 | - 40%
Statistics Parametres o L 3000 - - 30%
Aritmet. priemer 0,34 2000 ~ [ 20%

) . 1000 A - 10%
@rlthmetlcmean o kL T - %
Standardna odchylka 2,04 8 8§ 2 8 8 8 8§ 2 8 8 8 &8 9 8 8 8
Standard Deviation © © © o o +H +H 4 4 + o & o o o o
Geometr. priemer 0,13 mg.kg™
Geometr. Mean
Median 0,10
Median
Minimum 0,05 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 153,00 0,05 10205 42,19 1,65 52 98,77
Maximum 0,15 3869 58,19 1,75 37 98,92
25. percentil 0,05 0,25 3353 72,05 1,85 41 99,09
75. percentil 0,30 0,35 2228 81,26 1,95 27 99,21
99. percentil 3,10 0,45 1506 87,49 2,05 38 99,36
Hladina vyznamnosti (95 %) 0,03 0,55 892 91,17 2,15 26 99,47
Confidence Level (95 %) 0,65 501 93,24 2,25 24 99,57

0,75 305 94,50 2,35 20 99,65
0,85 269 95,62 2,45 12 99,70
Detekény limit 0,10 0,95 155 96,26 2,55 11 99,75
Detection limit 1,05 169 96,96 2,65 15 99,81
1,15 107 97,40 2,75 9 99,85
Pocet vzoriek pod 1,25 73 97,70 2,85 9 99,88
detekénym limitom 10205 1,35 72 98,00 2,95 16 99,95
Number of samples below 1,45 78 98,32 3,05 10 99,99
detection limit 1,55 57 98,56 >3,05 2 100,00
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Cér (Ce)

(atémovd hmotnost 140,12; atdmové ¢islo 58)

Cér patri do skupiny lantanoidov [La, Ce, Pr, Nd, (Pm), Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb a Lu]. V prirodnych podmienkach sa vyskytuje v oxida¢nom stupni +3 a +4.

V magmatickych procesoch mozno pozorovat jeho obohatenie so vzrastajicim alkalickym
charakterom magmy. Vytvdra samostatné minerdlne fdzy ako napr. monazit, bastnezit,
alanit. Stopovy obsah céru majui Ca minerdly, napr. apatit, titanit, epidot a iné. ZvySeny
obsah céru sa vyskytuje v pegmatitoch a hydrotermdlnej mineralizdcii v alkalickych horni-
ndch.

7 vlastnosti minerdlnych fdz a zlicenin céru vyplyva, Ze pri procesoch zvetrdvania je jeho
mobilita pomerne nizka.

V rie¢nych sedimentoch je cér akumulovany vo frakcii tazkych minerdlov.

Jeho priemyselnd produkcia je velmi nizka, md vSak stipajtici charakter.

V praxi md viacucelové vyuzitie, napr. ako abrazivny materidl, v skldrskom priemysle
a pod. VSeobecne je jeho antropogénny podiel v prirodnom prostredi mdlo vyznamny.
Priemernd hodnota céru v rie¢nych sedimentoch Slovenska je 61 + 23 mg.kg™.
Distribticia céru je v uzkej koreldcii s horninovym prostredim znosovych oblasti
a koreSponduje s distribticiou ytria a zirkdnia.

Plochy s najniZsimi anomdliami do 48 mg.kg™' su charakteristické pre viacero znosovych
oblasti. St to predovsetkym mezozoické karbondty a paleogénne a neogénne sedimenty,
v ktorych je niZsie zastupenie céru v flovcoch ako v pieskovcoch. Najnizsie anomdlie v rdm-
ci uvedenych sedimentov su zrejme podmienené vy$Sim podielom karbondtovej primesi
v tychto hornindch. K uvedenému koncentracnému intervalu patria aj znosové oblasti,
tvorené vychodoslovenskymi neovulkanickymi horninami (Slanské vrchy a Vihorlat).
Hodnoty vyssie ako priemer st takmer vylucne viazané na kryStalinikum tatrika, veporika
a paleozoické metamorfity Spissko-gemerského rudohoria. Podobné rozpatie koncentra-
cie céru je charakteristické aj pre oblasti stredoslovenskych neovulkanitov. Na pomerne
dobrti migracnu schopnost céru poukazuju aj anomdlie, ktoré sa tiahnu niekolko kilomet-
rov zo zdrojovych znosovych oblasti.

Ce

Cerium (Ce)

(atomic weight 140.12; atomic number 58)

Cerium is an element of the lanthanide group (La, Ce, Pr, Nd, (Pm), Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb and Lu). It naturally occurs in the oxidation states +3 and +4. In
magmatic processes, its contents increase with the alkaline character of the magma.
Cerium forms minerals of its own, such as monazite, bastnesite and allanite. Traces of
cerium are found in Ca minerals, e.g. apatite, titanite, epidote and others. Increased Ce
contents occur in pegmatites and hydrothermal mineralization amidst alkali rocks.
Owing to the properties of its minerals and compounds, cerium's mobility is fairly low
during weathering. In stream sediments, cerium accumulates in the heavy-mineral
fraction.

The industrial production of Ce is very low but increasing. It is used for many purposes,
as an abrasive, in the glass industry, etc. In general, its man-made percentage in the
environment is of little importance.

The average cerium value in Slovakia's stream sediments is 61 + 23 mg.kg'. Cerium
distribution is governed by the rock environment of the source areas and corresponds to
the distributions of yttrium and zirconium. The lows below 48 mgkg! are typical of
several source areas, mainly Mesozoic carbonates, and to a lesser extent also Paleogene
and Neogene sediments whose sandstones are richer in cerium than claystones. The
lowest values in these sediments are presumably caused by a higher proportion of a
carbonate admixture in these rocks. This concentration interval is also typical of the
Eastern Slovakian Neovolcanics (Sldnske pohorie and Vihorlat Mts.).

The above-average values are associated almost exclusively with the crystalline units of the
Tatricum and Veporicum and with Paleozoic metamorphosed rocks of the Spissko-
gemerské rudohorie. A similar concentration range typically occurs in the Central
Slovakian Neovolcanics as well. A good migration capacity of cerium is suggested by
anomalies stretching for several kilometers from their erosional source areas.

z 4000 - 100%
CER 3500 - ] - 90%
CERIUM 3000 | - _ - 80%
mg kg'l b7 > 2500 | ] .bez 99. ﬁercentllu. - 70%
' o< / without 99" percentile - 60%
- B 3 2000 - / - 50%
Statistické parametre '8 © 1500 - - 40%
Statistics Parametres L 000 I - 30%
- - - 20%
Aritmet. priemer 61,33 500 - | 10%
Arithmetic mean 0 ——— 1 | | ‘ B I ) ‘ : ‘ ‘ ‘ 0%
Standardnéa odchylka 22,54 ) o) ) ) ) ) ) ) n 0 0 ) ) o) ) 0
Standard Deviation A = & & & < 3 3 ~ & & § g g § E’
Geometr. priemer 58,00 mg.kg'l
Geometr. Mean
Median 59,00
Median
Minimum 2,50 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 830,00 25 42 0,17 74,5 1318 84,66
Maximum 7,0 18 0,25 79,0 1187 89,57
25. percentil 50,00 11,5 21 0,33 83,5 614 92,11
75. percentil 69,00 16,0 90 0,71 88,0 510 94,22
99. percentil 140,00 20,5 105 1,14 92,5 275 95,35
Hladina vyznamnosti (95 %) 0,28 25,0 189 1,92 97,0 295 96,57
Confidence Level (95 %) 29,5 230 2,87 101,5 169 97,27
34,0 427 4,64 106,0 157 97,92
38,5 608 7,15 110,5 99 98,33
Detekény limit 5,00 43,0 1288 12,48 115,0 99 98,74
Detection limit 47,5 1653 19,31 119,5 67 99,02
52,0 3019 31,79 124,0 79 99,34
Pocet vzoriek pod 56,5 2863 43,63 128,5 48 99,54
detekénym limitom 42 61,0 3675 58,82 133,0 44 99,72
Number of samples below 65,5 2523 69,25 137,5 36 99,87
detection limit 70,0 2409 79,21 >137,5 31 100,00
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Kobalt (Co)

(atomova hmotnost 58,9332; atomové ¢islo 27)

Kobalt je kovovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxidacnom stup-
ni +2 a +3. M4 podobné litofilné a chalkofilné vlastnosti ako nikel.

Pocas pociatocnych fdz magmatickych procesov kobalt nahrddza Zelezo a hor¢ik a zo
silikdtovej taveniny sa odstrafiuje pocas krystalizdcie olivinov, pyroxénov a amfibolov.

V procesoch metamorfdzy sa povazuje za imobilny prvok.

Vytvdra minerdlne fdzy v podobe sulfidov, arzenidov a antimonidov. Ako stopovy prvok je
zastupeny v pyritoch, arzenopyritoch a v Mg-Fe silikdtoch.

V procesoch zvetrdvania je jeho mobilita kontrolovand prostrednictvom Specidcie a valen-
cie Fe a Mn. Hydratované minerdlne fdzy Zeleza (najmé g6thit) maju najvacsi vyznam.
V rie¢nych sedimentoch je Co viazany na detritické fézy, ktoré obsahuji najmia Mg-Fe
silikdty, primdrne oxidy a metastabilné sulfidy.

Kobalt sa pouZiva v oceliarskom priemysle, priom je jeho podstatnd ¢ast recyklovand. Je-
ho svetovd produkcia nie je velmi vyznamnd, a preto sa nepokladd za prvok s velkym
antropogénnym vplyvom na Zivotné prostredie, s vynimkou okolia hutnickych zdvodov.
Priemernd hodnota obsahu kobaltu v rie¢nych sedimentoch Slovenska je 9 = 5 mg.kg™".
Distribticia Co je silno podmienend jeho najvy$sim zasttipenim v neovulkanickych horni-
ndch a rudnymi mineralizdciami a vyskytmi.

Plo$ne aj hodnotami najvicsie anomadlie kobaltu s v oblasti neovulkanickych hornin na
strednom aj na vychodnom Slovensku. Tieto pomerne kontinudlne zény maju koncentrd-
ciu Co v rozmedzi 12-24 mg.kg™! a viac.

Dalsie anomdlie v rovnakom koncentraénom intervale, ale plosne mensie, sa vyskytuji
najma v regione Spissko-gemerského rudohoria a sedimentov vonkajSieho flySového pds-
ma. V prvom pripade st zdrojom kobaltu predovSetkym rudné mineralizdcie a vyskyty,
najmd magnezitovo-mastencové, sideritovo-ankeritové a komplexné sideritovo-sulfidické
loZiskd, kde je Co zasttipeny prevazne v podobe minerdlu kobaltinu. V druhom pripade je
tazké ndjst zdroj kobaltu. V pieskovcoch a ilovcoch je jeho priemerny obsah 4 mg.kg™,
resp. 9 mg.kg!. Na zdklade koncentrdcie v rozmedzi 20-40 mg.kg™! v rie¢nych sedimentoch
Polska vo flySovych sedimentoch s centrami v oblasti hutnickych podnikov moZno
predpokladat antropogénny povod kobaltu.

Podobne aj mnohé anomdlie mensieho rozsahu na Slovensku st sistredené do oblasti
s hutnickym priemyslom.

Co

Cobalt (Co)

(atomic weight 58.9332; atomic number 27)

Cobalt is a metallic element naturally occurring in the oxidation states 42 and +3. Its has
both lihtophile and chalcophile properties similar to nickel. In the initial stages of
magmatic processes it substitutes for iron and magnesium, and is removed from a silicate
melt during the crystallization of olivines, pyroxenes and amphiboles. In metamorphic
processes it is considered an immobile element.

Co forms the mineral phases of sulphides, arsenides and antimonides. It is a trace element
in pyrite, arsenopyrite and Mg-Fe silicates.

In weathering processes its mobility is controlled by Fe and Mn forms of occurrence and
valences. Hydrous mineral phases of iron, notably goethite, are of prime importance.

In stream sediments, Co is associated with detrital phases containing mostly Mg-Fe
silicates, primary oxides and metastable sulphides.

Cobalt is used in steel-making, the majotity of it being recycled. Its world production is
not very high and therefore it is not regarded as an element with a major man-made
impact on the environment, except in the vicinity of smelting plants.

The average cobalt abundance in Slovakia's stream sediments is 9 + 5 mg.kg'.

The distribution of Co is strongly controlled by its highest contents in Neogene volcanic
rocks with ore mineralizations and occurrences.

The highest and most extensive cobalt anomalies occur in Neogene volcanics in central
and eastern Slovakia alike. These fairly continuous zones contain between 12 and 24
mg.kg! or more. Further anomalies of the same concentrations, but of smaller extent are
found mainly in the Spissko-gemerské rudohorie Mts. and sediments of the Outer Flysch
belt. The former are due mostly to ore mineralizations, particularly magnesite-talc,
siderite-ankerite and complex siderite-sulphide deposits where the majority of Co is
present in the mineral cobaltite. The sources of cobalt in the latter are difficult to identify.
The average values in sandstones and claystones are 4 mg.kg! and 9 mg.kg!, respectively.
In Poland, cobalt concentrations in stream sediments in areas underlain by flysch and
close to smelting plants range from 20 to 40 mg.kg"! and suggest that the Co anomalies in
adjacent areas of the Slovak Flysch belt have also been caused by human activity.
Likewise, a number of anomalies of smaller areal extent in Slovakia concentrate in areas
with smelting industry.

3500 - 100%
Kobalt 3000 | — - 90%
COBALT . 200 | /_/ bez 99 percentiu e
mg_kg'l s 2000 | a without 99" percentile | 60%
% = 1500 / [ 5o%
Statistické parametre S 8 ] /| [ 20%
Statistics Parametres Q. L. 1000 1 ] | 2802
Aritmet. priemer 8,87 500 + |—|_|_|_| | 10%
Arithmetic mean 0 : L1 : : : 0 N N N O s e — . — 0%
Standardnéa odchylka 5,41 3 8 &8 ¥ ¥ 8 & ¢ 8 3 2 8 & R ¥ 8
- - o N ™ n © [ee] (o] i N <t © N~ o) o N ™
Standard Deviation ~ H — = — = « N «
Geometr. priemer 7.77 mg.kg™
Geometr. Mean
Median 8,00
Median
Minimum 0,50 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 197,00 0,50 133 0,55 12,98 0 86,69
Maximum 1,28 209 1,41 13,76 821 90,09
25. percentil 6,00 2,06 385 3,01 14,54 633 92,70
75. percentil 11,00 2,84 0 3,01 15,32 474 94,66
99. percentil 24,00 3,62 768 6,18 16,10 322 95,99
Hladina vyznamnosti (95 %) 0,07 4,40 1330 11,68 16,88 0 95,99
Confidence Level (95 %) 5,18 1888 19,48 17,66 261 97,07
5,96 0 19,48 18,44 207 97,93
6,74 2394 29,38 19,22 155 98,57
Detekény limit 1,00 7,52 2950 41,58 20,00 147 99,18
Detection limit 8,30 3095 54,374 20,78 0 99,178
9,08 2851 66,16 21,56 70 99,47
Pocet vzoriek pod 9,86 0 66,16 22,34 55 99,69
detekcny limit 133 10,64 2307 75,70 23,12 57 99,93
Number of samples below 11,42 1525 82,00 23,90 0 99,93
detection limit 12,20 1134 86,69 >23,9 17 100,00
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Chrém (Cr)

(atomova hmotnost 51,996; atémové ¢islo 24)

Chrém je litofilny kovovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxidac-
nom stupni +2, ale najméd +3 a +6. Trojmocny chrom modZe nahrddzat Fe, Ti, Al, Mg
a moZe sa s tymito prvkami vyskytovat v silikdtoch aj oxidoch.

Pocas skorsich fdz kryStalizacnej frakciondcie magmy sa distribuuje do spinelov a pyroxé-
nov v ultrabdzickych hornindch. Chrém je imobilny pocas metamorfnych procesov
granulitovej fdcie, amfibolitovej fdcie a fdcie zelenych bridlic.

Pri procesoch zvetrdvania md chrom podobné vlastnosti ako Zelezo a hlinik a akumuluje
sa v rezidudlnych sedimentoch ako laterity a ily. Pri oxida¢nych podmienkach je Sestmoc-
ny chrom dobre rozpustny vo vodnom prostredi. V rie¢nych sedimentoch sa Casto
vyskytuje ako chromit, resp. v spineloch a inych oxidoch, ktoré su vysoko odolné proti
zvetrdvaniu. Niekedy sa chrém viazany v Fe-Mg silikdtoch moZe uvoliiovat pri vysokych
hodnotdch E, a nizkom pH, ndsledne sa vSak sorbuje na flové minerdly a organicku hmo-
tu.

Chrém sa pouziva najma v oceliarskom priemysle ako legujtici prvok, ako pigment a pri
vyrobe chemikdlif.

Zdrojom antropogénnej kontamindcie Zivotného prostredia chrémom su najcastejSie
priemyselné odpadové vody najmé z galvanizovni, textilného a koZiarskeho priemyslu.
Priemerny obsah chrému v rie¢nych sedimentoch Slovenska je 79 = 95 mg.kg!.
Distribucia chromu je tplne podmienend jeho obsahom v zdrojovych hornindch
paleogénnych sedimentov. V nich je najvyssi obsah Cr (pieskovce 76 mg.kg! a ilovee az
100 mg.kg™"), pricom maximum dosahuje az 375 mg.kg .

Stuvisld anomdlia s koncentrdciou 85-310 mg.kg™! a viac sa viaZe na sedimenty vonkajsie-
ho flySového pdsma. Z tejto znosovej oblasti chrém migruje na velké vzdialenosti, zrejme
vdaka forme pomerne odolnej proti zvetrdvaniu v podobe minerdlu chromitu.

Podobnd situdcia je charakteristickd aj pre zdrojové oblasti tvorené neogénnymi sediment-
mi.

Vplyv zrudnenia s mensim plo§nym rozsahom anomdlif sa prejavuje najmi v Spissko-
-gemerskom rudohorf a je podmieneny vyskytmi chromitov v ultramafickych hornindch
gemerika.

V znosovych oblastiach krystalinika jadrovych pohori a neovulkanitov je podobné
zastuipenie chrému a anomdlie v rie¢nych sedimentoch maju hodnoty v rozsahu 16-50
mg.kg!.

V oblasti dolnych ¢asti povodia Vihu a Nitry mozeme predpokladat ¢ast chrému v ano-
mdlidch (95-150 mg.kg™) za antropogénnu.

Cr

Chromium (Cr)

(atomic weight 51.996; atomic number 24)

Chromium is a lithophile metallic element which naturally occurs in the oxidation state
+2, but mainly +3 and +6. Trivalent chromium may replace Fe, Ti, Al, Mg and may be
associated with these elements in silicates and oxides. During the early stages of the
crystallization fractionation of magma, it enters spinels and pyroxenes in ultrabsic rocks.
Chromium is immobile during the metamorphic processes of the granulite, amphibolite
and greenschist facies. During weathering processes, chromium's properties resemble
those of iron and aluminium and it accumulates in residual sediments like laterites and
clays. Under oxidation conditions, hexavalent chromium is readily soluble in an aqueous
environment. In stream sediments it often occurs in chromite, in spinels and other oxides
highly resistant to weathering. Chromium in Fe-Mg silicates may sometimes be released
at a high Eh and a low pH, but subsequently is intercepted by clay minerals and organic
matter.

Chromium is used largely to make steel alloys, dyes and chemicals.

Major man-made sources of environmental pollution comprise industrial waste waters,
mainly from galvanizing plants, textile and leather industries.

The average chromium abundance in Slovakia's stream sediments is 75 + 95 mg.kg.
The distribution of chromium is completely governed by its content in the source rocks of
Paleogene sediments. These sediments are richer in Cr than any other rock type in
Slovakia (sandstones average 76 mg.kg! and claystones 100 mg.kg! , with highs attaining
as much as 375 mg.kg").

A continuous anomaly with concentrations between 85 and 310 mgkg' and more is
associated with sediments of the Outer Flysch belt. From this source area, chromium
migrates over long distances, presumably as quite weathering-resistant chromite. The case
of source areas underlain by Neogene sediments is similar.

The effect of mineralizations of smaller areal extent is evident mainly in the Spisko-
gemerské rudohorie Mts., notably that of chromite occurrences amidst ultrabasic rocks of
the Gemericum.

In the source areas of the crystalline units of the core mountains and Neovolcanics,
chromium values are similar and stream sediment anomalies range from 16 to 50 mg.kg'.
In the lower tracts of the Vdh and Nitra basins, chromium anomalies (95 - 150 mg.kg™")
are probably in part man-made.

. 4000 - — 100%
CHROM 3500 4 - - 90%
— - 80%
CHROMI_EJM 7";; 2 3000 7 / bez 99. percentilu + 70%
mg.kg g S 2500 1 / without 99™ percentil - 60%
52 2000 - 50%
Statistické parametre '8 © 1500 - / [ 40%
Statistics Parametres &t 1000 - 28;;
Aritmet. priemer 79,37 500 - | 10%
Arithmetic mean 0 === ‘ ‘ ‘ — e e —— e 0%
Standardna odchylka 94,64 S S S-S S S S s S SN R B
Standard Deviation ooy = ® 3 5 3 3 3 8 /& & & & B
Geometr. priemer 67,02 mg.kg™
Geometr. Mean
Median 70,00
Median
Minimum 2,50 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 6520,00 2,5 42 0,17 165,7 109 97,13
Maximum 12,7 168 0,87 175,9 98 97,54
25. percentil 50,00 22,9 549 3,14 186,1 103 97,97
75. percentil 90,00 33,1 1135 7,83 196,3 66 98,24
99. percentil 310,00 43,3 1777 15,18 206,5 61 98,49
Hladina vyznamnosti (95 %) 1,19 53,5 2579 25,84 216,7 57 98,73
Confidence Level (95 %) 63,7 3271 39,36 226,9 49 98,93
73,9 3956 55,72 237,1 51 99,14
84,1 3594 70,58 247,3 35 99,28
Detekény limit 5,00 94,3 2220 79,75 257,5 42 99,46
Detection limit 104,5 1497 85,94 267,7 28 99,57
114,7 904 89,68 277,9 26 99,68
Pocet vzoriek pod 124,9 672 92,46 288,1 20 99,76
detekénym limitom 42 135,1 596 94,92 298,3 29 99,88
Number of samples below 145,3 246 95,94 308,5 26 99,99
detection limit 155,5 180 96,68 >308,5 2 100,00
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Med (Cu)

(atémovd hmotnost 63,54; atémové ¢islo 29)

Med je chalkofilny kovovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxidac-
nom stupni 0, +1, ale najmd +2 a (+3). V redukénych podmienkach sa vyskytuje v podo-
be hydroxidov, karbondtov a tieZ v nativnom stave.

V priebehu magmatickych a vulkanickych procesov tvori sulfidy a oxidy v zdvislosti od
fugacity kyslika a siry.

Med moZe byt redistribuovand pocas procesov nizkostupniovej metamorfézy a metaso-
matozy.

V sedimentoch, ktoré neobsahuji minerdly medi, sa Cu viaZe na sekunddrne Fe a Mn
hydratované oxidy, fllové minerdly a organickd hmotu.

V procesoch zvetrdvania je med pomerne imobilnd, pretoZe pri oxidaénych podmienkach
je vyzrdZzand v podobe karbondtov a hydroxidov a v redukénych podmienkach vo forme
sulfidov. Na druhej strane, zo sulfidickych minerdlov (najmi chalkopyrit) sa Cu?* pomer-
ne rychlo uvoltiuje v kyslych podmienkach (pH<S5). VSeobecne je preukdzand afinita me-
di k organickej hmote. Za pritomnosti hydratovanych Fe a Mn oxidov sa Cu prednostne
viaZe na ne ako koprecipituje.

Med patri medzi tzv. zdkladné kovy so Sirokym vyuZitim najma v hutnictve, elektroinZinier-
stve, vyrobe chemikdlii a pod. Pomerne velkd cast sa recykluje.

Zdrojom antropogénnej kontamindcie je najmi v oblastiach metalurgickych podnikov,
aplikdcie fungicidov v polnohospodarstve, vinohradnictve a pod.

Distribticia medi v rie¢nych sedimentoch Slovenska je podmienend kontrastnostou jej ob-
sahu v zdrojovych hornindch, vyskytom rudnych mineralizdcii a v nemalom podiele je
aktudlna jej antropogénna distribtcia do Zivotného prostredia, ktord md velky plosny do-
sah najmi aplikdciou v polnohospodadrstve.

Priemerny obsah medi v rie¢nych sedimentoch Slovenska je 32 = 133 mg.kg™.

Najvicsia anomadlia medi v rozsahu 43-206 mg.kg™' a viac je viazand na oblast gemerika
a veporika a nachddza sa pribliZzne medzi RoZiavou, Gelnicou a Spisskou Novou Vsou.
V hlavnej miere je podmienend existenciou velkého mnoZstva loZisk a vyskytov, kde
hlavnym, resp. sprievodnym prvkom je med. Podobna situdcia je v regione stredosloven-
skych neovulkanitov, podmienend najma polymetalickymi a porfyrovo-skarnovymi Cu
loziskami v Sirokom okoli Banskej Stiavnice.

Z6ny s nadpriemernym obsahom medi v riecnych sedimentoch (31-69 mg.kg™!) su viaza-
né na niziny a vniitrohorské depresie s intenzivnymi polnohospodarskymi aktivitami. Spe-
cifikum predstavuje oblast Malych Karpdt so stratiformnymi Sb-Au loZiskami v Pezinku,
Perneku a Kuchyni, kde je med sprievodnym prvkom, a spolu s historickym aj sicasnym
pestovanim vini¢a (postreky modrou skalicou) vytvdraju intenzivnu geogénno-
-antropogénnu anomaliu.

Cu

Copper (Cu)

(atomic weight 63.54; atomic number 29)

Copper is a chalcophile element which occurs in nature in the oxidation states 0, +1, but
mainly +2 and (+3). Under reducing conditions the element is found in hydroxides,
carbonates and as native copper.

During magmatic and volcanic processes it forms sulphides and oxides depending on
oxygen and sulphur fugacities.

Copper may be redistributed by the processes of low-grade metamorphism and metaso-
matism. .

In sediments devoid of copper minerals, Cu is bound to hydrous Fe and Mn secondary
oxides, clay minerals and organic matter.

In weathering processes, copper is fairly immobile because under oxidizing conditions it
precipitates as carbonates and hydroxides, and under reducing ones as sulphides. In
contrast, under acid conditions (pH < 5) Cu?* is quite readily released from sulphide
minerals, mainly chalcopyrite. Copper's general affinity to organic matter has been
demonstrated. In the presence of hydrous Fe and Mn oxides, copper is bound to them
rather than coprecipitated.

Copper is a base metal widely used primarily in the smelting, electro-engineering and
chemical industries. A fairly large percentage of copper is recycled. Man-made copper
contamination occurs largely in the vicinity of smelting plants, fungicide spraying in
agriculture, vineyards, etc.

Copper distribution in Slovakia's stream sediments is governed by its variable contents in
source rocks, occurrences of ore mineralization and, to a large extent, also by human
activities, mainly agriculture.

The average copper content in Slovakia's stream sediments amounts to 32 + 133 mg.kg"
1

The biggest copper anomaly with concentrations from 43 to 206 mgkg! and more is
situated in the Gemericum and Veporicum between the towns of RoZiiava, Gelnica and
Spisskd Novd Ves. It is due to a multitude of deposits and occurrences where copper is a
major or minor element. Similarly, anomalies in the Central Slovakian Neovolcanics are
caused largely by base-metal and porphyry-skarn Cu deposits in the wider vicinity of
Banskd Stiavnica.

Zones with above-average copper levels in stream sediments (31 - 69 mg.kg"!) lie in
lowlands and intramontane basins with intensive farming. Special mention should be
made of the Malé Karpaty (Little Carpathians) area where the stratiform Sb-Au deposits
Pezinok, Pernek and Kuchytia with minor contents of copper in conjunction with historic
and current vine-growing (blue vitriol spraying) have formed a big geogenic-man-made
anomaly.

. 7000 — 100%
MED 5 ]
COPPER 5500 - 7/7 | 809
1 ¥ 451%88 ] [ | bez 99. percentilu - 70%
mg.kg 8 $ 4000 + without 99" percentile - 60%
+ 5 3500 | - 50%
e 3 & 3000 - - 40%
Statistické parametre o2 2500
Statistics Parametres oL 2000 1 [ 30%
- 20%
Aritmet. priemer 31,99 1288 ] | 10%
Arithmetic mean 0 ‘ ‘ R e e ‘ ‘ ‘ ‘ ‘ ‘ ‘ — 0%
Standardnéa odchylka 132,54 I S e S . S S SN R S
Standard Deviation -8y e e e e 33 3 4 3 5 3 8
Geometr. priemer 21,43 mg.kg™
Geometr. Mean
Median 20,00
Median
Minimum 0,50 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 10530,00 0,5 21 0,09 109,3 87 98,66
Maximum 7,3 676 2,88 116,1 63 98,92
25. percentil 15,00 14,1 4973 23,44 122,9 43 99,09
75. percentil 28,00 20,9 6897 51,956 129,7 27 99,20
99. percentil 206,00 27,7 5187 73,40 136,5 32 99,34
Hladina vyznamnosti (95 %) 1,66 34,5 2915 85,45 143,3 27 99,45
Confidence Level (95 %) 41,3 1248 90,61 150,1 27 99,56
48,1 525 92,78 156,9 20 99,64
54,9 337 94,17 163,7 13 99,70
DetekcEny limit 1,00 61,7 262 95,26 170,5 13 99,75
Detection limit 68,5 160 95,92 177,3 8 99,78
75,3 178 96,65 184,1 13 99,84
Pocet vzoriek pod 82,1 118 97,14 190,9 12 99,89
detekénym limitom 21 88,9 95 97,54 197,7 9 99,93
Number of samples below 95,7 104 97,97 204,5 15 99,99
detection limit 102,5 80 98,30 >204,5 3 100,00
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98

Zelezo (Fe)

(atémovd hmotnost 55,85; atémové ¢islo 26)

Zelezo je kovovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxidaénom stave
+2 a +3. Je hlavnou zloZkou v Fe-Mg silikdtoch a vyskytuje sa v mnohych oxidoch, sul-
fidoch a karbondtoch.

V priebehu magmatickych procesov sa koncentruje v strednom $tddiu frakciondcie mag-
my a v principe sa akumuluje najmé v bdzickych hornindch.

Pocas procesov metamorfozy je Zelezo v podstate imobilné.

Vyskyt Zeleza v sedimentdrnych hornindch je limitovany mnohymi faktormi ako pH-E,
podmienky, rozsah diagenetickej alterdcie, granulometria sedimentov a pod. V mnohych
pripadoch st dominantnou fdzou hydratované oxidy Zeleza.

Hlavnymi minerdlmi Zeleza si magnetit, hematit, limonit, siderit, pyrotin, markazit
a Fe-Mg silikdty ako olivin, pyroxény, amfiboly, biotit, grandt a iné.

V procesoch zvetrdvania su oxidy Zeleza pomerne stabilné. Ostatné minerdly, ktoré
obsahuju Fe, zvetrdvaju lahko. Dvojmocné Zelezo je v roztoku stredne mobilné, zatial ¢o
trojmocné Zelezo je imobilné. Z hladiska chemického zloZenia maju velky geochemicky
vyznam hydratované oxidy Zeleza, ktoré kontroluju distribuiciu najméd Ba, Mo, As a inych
stopovych prvkov.

Zelezo je jeden z najviac priemyselne pouzivanych kovov hlavne v hutnictve a oceliarstve.
Antropogénnou cestou sa pomerne v Sirokom rozsahu dostdva do Zivotného prostredia,
tento podiel je v8ak pomerne ndro¢né urcit.

Priemerny obsah Zeleza v rienych sedimentoch Slovenska je 2,86 + 1,20 %, ¢o je hodno-
ta nizsia ako v zemskej kore.

Distribucia Zeleza pomerne dobre koreluje so zasttipenim jednotlivych horninovych typov
v znosovych oblastiach. Distribticia Zeleza je podobnd hliniku, titdnu, vanddu a kobaltu.
Jednou z najvacsich anomdlnych oblasti, kde sa obsah Fe v rie¢nych sedimentoch pohybu-
je v rozmedzi 3,52-6,92 %, st znosové tizemia budované neovulkanickymi horninami.
V rovnakom intervale, ale menej spojité si anomdlie v regionoch paleozoickych metamor-
fitov, kde zdrojové horniny obsahuju v priemere 2,84-11,41 % FeO,. V obidvoch uve-
denych oblastiach sa nachddza aj velké mnoZstvo rudnych loZisk a vyskytov, kde je Zelezo
viazané v hlavnej, resp. vedlajSej minerdlnej faze.

V znosovych oblastiach tvorenych kryStalinikom jadrovych pohori Zdpadnych Karpdt
dosahuje koncentrdcia Zeleza priemerné a nizsie hodnoty.

Zdrojové tizemia budované paleogénnymi sedimentmi sa vyznacuju velmi variabilnym ob-
sahom Zeleza (2-7 %). Jeho koncentricia je vo velkej miere podmienend zastipenim pyri-
tu v flovcoch a pieskovcoch.

Anomdliami s najniz§im obsahom Zeleza sa vyznaCuju znosové oblasti budované
mezozoickymi karbondtmi, a najma dominantne tvorené dolomitmi. Tie ako zdrojové hor-
niny maju najniz8i obsah FeO,, v priemere 0,21 %.

Fe

Iron (Fe)

(atomic weight 55.85; atomic number 26)

Iron is a metallic element naturally occurring in the oxidation states +2 and +3. It is a
major constituent of Fe-Mg silicates and occurs in a number of oxides, sulphides and
carbonates.

During magmatic processes, iron concentrates in the middle stage of magmatic fraction-
ation and is accumulated essentially in basic rocks.

During metamorphic processes, iron is basically immobile.

Iron occurrences in sedimentary rocks are limited by numerous factors, such as pH-Eh
conditions, extent of diagenetic alterations, sediment grainsize, etc. Hydrous iron oxides
are often a predominant phase.

Major iron minerals include magnetite, hematite, limoinite, siderite, pyrrhotite, marcasite
and Fe-Mg silicates like olivine, pyroxenes, amphiboles, biotite, garnet, etc.

In weathering processes, iron oxides are fairly stable. The other iron-containing minerals
weather readily. Ferrous iron has a medium mobility in solution, whereas ferric iron is
immobile. As for chemical composition, hydrous iron oxides are of great geochemical
importance as they control the distribution mainly of Ba, Mo, As and other trace elements.
Iron is one of the most widely used metals, primarily in smelting and steel industry.

The amount of iron dispersed in the environment by man is large but diffcult to estimate
in more detail.

The iron content in Slovakia's stream sediments averages 2.86 = 1.20 %, less than the
average crustal abundance.

The distribution of iron correlates quite well with the distribution of respective rock types
in source areas. The iron distribution is very similar to that of aluminium, titanium,
vanadium and cobalt.

One of the largest anomalies with Fe contents between 3.52 and 6.92 % in stream
sediments is located in an area underlain by Neogene volcanics. Fairly discontinuous
anomalies with similar contents (2.84 - 11.41 % FeOT) occur in regions dominated by
Paleozoic metamorphosed rocks. A multitude of ore deposits and occurrences in both
these areas contain iron bound to the major or minor mineral phase.

In source areas underlain by the crystalline units of the Western Carpathian core
mountains, iron concentrations attain average or lower levels.

Source areas dominated by Paleogene sediments typically have highly variable iron
contents (2 - 7 %). These iron contents depend to a great extent on the percentage of pyrite
in claystones and sandstones.

Anomalies with the lowest iron contents characterize source areas underlain by Mesozoic
carbonates, notably those dominated by dolomites. These source rocks have the lowest
FeO, content averaging just 0.21 %.

8000 ] 100%
v L 0,
ZELEZO 7000 | K ot
IRON % . 6000 - L 70%
% § % 5000 | — /] - 60%
3 5 4000 | [ So%
Statistické parametre S T 3000 - :802
Statistics Parametres 2000 -| _I_’_’k | o0%
Aritmet. priemer 2,86 1000 4 | 100
@rithmetic mean 0 j B I I I O I - ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ é;/o
Standardn& odchylka 1,20 9 © 9 9 18 9 © 10 9 9 e © 9 10 9 o
Standard Deviation s A N w8~ «© o b o S g g @ o <
Geometr. priemer 2,66 %
Geometr. Mean
Median 2,65
Median
Minimum 0,05 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 21,14 0,05 1 0,00 11,25 12 99,87
Maximum 0,75 144 0,59 11,95 8 99,90
25. percentil 2,14 1,45 1017 4,76 12,65 5 99,92
75. percentil 3,32 2,15 5096 25,61 13,35 3 99,93
99. percentil 6,92 2,85 8149 58,97 14,05 0 99,93
Hladina vyznamnosti (95 %) 0,02 3,55 5328 80,77 14,75 3 99,95
Confidence Level (95 %) 4,25 2422 90,69 15,45 3 99,96
4,95 1073 95,08 16,15 1 99,96
5,65 535 97,27 16,85 3 99,98
Detekény limit 0,01 6,35 283 98,43 17,55 2 99,98
Detection limit 7,05 166 99,11 18,25 0 99,98
7,75 76 99,42 18,95 1 99,99
Pocet vzoriek pod 8,45 40 99,58 19,65 0 99,99
detekénym limitom 0 9,15 29 99,7 20,35 1 99,99
Number of samples below 9,85 18 99,77 21,05 1 99,99
detection limit 10,55 11 99,82 >21,05 1 100,00
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Gélium (Ga)

(atomovd hmotnost 69,72; atémové ¢islo 31)

Gélium je litofilny stopovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxidac-
nom stupni +3. Md podobné geochemické vlastnosti ako hlinik.

Gélium v procesoch diferencidcie magmy sa preferencne akumuluje v neskorSom stupni
tohto procesu v alkalickych magmadch, ich diferencidtoch a fluidnych fdzach. Gélium m4d
chalkofilné vlastnosti v stredno- a nizkotermdlnych roztokoch.

V procesoch metamorfézy je gdlium relativne imobilné, viaZe sa v plagioklasoch a grand-
toch pocas vysieho stupiia a v sfuddch pocas nizsieho stupiia metamorfézy.

Gélium je zastipené vo vietkych minerdloch hlinika (sludy, grandty, magnetit, andaluzit,
a hlavne bauxit).

V procesoch zvetrdvania md gdlium nizku mobilitu podobne ako Al v dosledku nizkej
rozpustnosti Ga(OH),. Gdlium je rozpustnejSie, na rozdiel od hlinika, v rozmedzi
pH 4-5. V rie¢nych sedimentoch vSeobecne moZno pozorovat dve kategdrie asocidcie prv-
kov s Ga: v prostredi bohatom na SiO, st to Ce, La, Y, Sn a Be, v prostredi s nedostat-
kom SiO, st to Fe, Ti, Nb, Co a V.

Svetovd produkcia gdlia je nizka, pouziva sa najmi v technoldgii polovodicov. Jeho
technogénny vplyv na Zivotné prostredie je mdlo vyznamny.

Distribtcia gélia odrdZa geologicku stavbu Zdpadnych Karpdt. Priemernd hodnota Ga
vrie¢nych sedimentoch Slovenska je 14 = 6 mg.kg™'. Anomadlne hodnoty v koncentracnom
rozsahu 19-30 mg.kg! st viazané na $irSie oblasti kryStalinika jadrovych pohori.
Granitoidy predstavuji vyznamnu znosovu oblast, maju vSak niZ$i priemerny obsah gdlia
(v zdvislosti od kyslosti 17-21 mg.kg™') ako rie¢ne sedimenty. Pravdepodobne je to spdso-
bené akumuldciou Ga v rie¢nych sedimentoch a jeho va¢Sou migracnou schopnostou, ¢o
sa prejavuje rozsiahlostou uvedenych anomalif.

Pomerne velkd plocha tzemia (cca 55 %) md hodnoty koncentrdcie gdlia pohybujtice sa
okolo priemeru.

Najnizsie hodnoty v intervale 2-9 mg.kg' su typické pre prakticky vietky mezozoické
karbondtové horniny. Zdrojové oblasti, resp. materské horniny obsahuju v priemere iba
5 mg.kg! gdlia. Okrem znosovych oblasti tvorenych karbondtmi st v uvedenom koncen-
traénom rozpiti aj rozsiahle kontinudlne zony v Zdhorskej a Podunajskej niZine.
Distribcia gdlia v rie¢nych sedimentoch je velmi podobnd hliniku a beryliu, o vyplyva
z ich geochemického charakteru a naznacuje rovnaké zdroje.

Ga

Gallium (Ga)

(atomic weight 69.72; atomic number 31)

Gallium is a lithophile trace element naturally occurring in the oxidation state +3. Its
geochemical properties are similar to those of aluminium.

In the process of magmatic differentiation, gallium preferentially concentrates in later
stages in alkaline magmas, their differentiated fractions and fluid phases. In medium- and
low-temperature solutions, gallium has chalcophile properties.

In metamorphic processes, gallium is fairly immobile, bound to plagioclases and garnets
during higher-grade metamorphism and to micas during lower-grade one.

Gallium is found in all alluminium minerals (micas, garnets, andalusite and mainly
bauxite minerals).

Like Al, during weathering processes gallium is little mobile owing to the limited solubili-
ty of Ga (OH),. Unlike Al, gallium is more soluble at pH 4 - 5. In stream sediments,
gallium is commonly found in two elemental associations: 1. in silica-rich environments:
Ce, La, Y, Sn and Be, 2. in silica-deficient environments: Fe, Ti, Nb, Co and V.

The world gallium production is low, the main use being in semiconductor technologies.
Its technogenic effect on the environment is of little importance.

The gallium distribution reflects the geological structure of the Western Carpathians. The
average gallium abundance in Slovakia's stream sediments is 14 + 6 mg.kg!'. Anomalous
values between 19 and 30 mgkg! are associated with the wider areas of the crystalline
units of the core mountains.

Granitoids making up a major source area have a lower average gallium content (from 17
to 21 mg.kg! depending on acidity) than stream sediments, presumably as a result of Ga
accumulation in stream sediments. Thanks to its fairly high migration capacity, gallium
anomalies are quite extensive.

Over a relatively large area (approx. 55 %), gallium concentrations vary around the
average.

The lowest levels between 2 and 9 mg.kg! are typical of virtually all Mesozoic carbonate
rocks. The source areas and parent rocks average just 5 mg.kg' Ga. Apart from the
carbonate-dominated source areas, lows with similar contents are found also in large
continuous zones in the Zghorie and Danube lowlands.

The distribution of gallium in stream sediments is very similar to those of aluminium and
beryllium thanks to their equal geochemical character and possibly also identical sources.

p 2000 - - 100%
GALIUM - L 90%
GALLIUM 1500 4 ] ] ‘ - 80%
1 % o — =1 bez 99. percentilu L 70%
mg.kg 8o /__// without 99" percentile L 60%
£S 1000 - // L 50%
Statistické parametre 2 g | - 40%
Statistics Parametres a0l — — d - 30%
Aritmet. priemer 14,2 - 20%
. . - 10%
Sncerans onens o et LU LU Tsea
Standard Deviation 4 & 5 ¢ «® g « § w8 ~ 9 g9 @ § ¢ «
Geometr. priemer 12,39 mg.kg'l
Geometr. Mean
Median 14,00
Median
Minimum 1,50 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 136,00 15 949 3,92 15,9 0 60,03
Maximum 2,4 0 3,92 16,8 1646 66,83
25. percentil 10,00 3,3 597 6,39 17,7 1497 73,02
75. percentil 18,00 4,2 0 6,39 18,6 1333 78,53
99. percentil 30,00 51 230 7,34 19,5 1134 83,22
Hladina vyznamnosti (95 %) 0,08 6,0 564 9,67 20,4 943 87,12
Confidence Level (95 %) 6,9 0 9,67 21,3 803 90,44
7,8 744 12,75 22,2 628 93,03
8,7 979 16,80 23,1 461 94,94
Detekcny limit 3,00 9,6 1160 21,59 24,0 389 96,55
Detection limit 10,5 1243 26,73 24,9 0 96,55
11,4 1437 32,67 25,8 269 97,69
Pocet vzoriek pod 12,3 1525 38,98 26,7 201 98,49
detekénym limitom 949 13,2 1623 45,69 27,6 135 99,05
Number of samples below 14,1 1689 52,67 28,5 94 99,44
detection limit 15,0 1779 60,03 >28,5 136 100,00
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Ortut (Hg)

(atémova hmotnost 200,61; atdmové ¢islo 80)

Ortut sa v prirodnych podmienkach vyskytuje v oxida¢nych stupfioch 0, +1 a +2, priCom
dominuje Hg?*.

Ortut md $pecifické geochemické vlastnosti. V minerdlnej forme sa prakticky nevyskytuje
v magmatickych, pegmatitovych, kontaktnych ani pneumatolytickych rudnych asocid-
cidch. Jej najvyznamnej$im minerdlom je sulfid — rumelka (cinabaryt). Vznik rumelky je
lizko viazany na hydrotermdlne prostredia pri najnizsej teplote. VSetky loZiskd su
pomagmatické a uvazuje sa, Ze ich zdrojom su znacne diferencované kyslé alebo neutrdl-
ne magmy. Rozptylend ortut sa vyskytuje v sulfidoch, ktoré kryStalizuju pri nizkej teplote.
V priebehu procesov zvetrdvania je rumelka prakticky rezistentnd a extrémne nizko
rozpustnd vo vode. Vstup ortuti do geochemického cyklu z tohto hladiska je najma vo for-
me mechanicky degradovanych Casti. Velmi dolezitym prirodnym zdrojom Hg je odplyiio-
vanie z hornin zemskej kory, vulkanickych emisif, vegetdcie a ocednu.

Ortut md Siroké poutzitie aj historicky (na zdklade archeologickych dokazov 3 500 rokov)
v rozli¢nych odvetviach ako napr. chemicky, farbiarensky a papierensky priemysel, vyroba
batérif, medicina a pod.

Ortut moZno povazovat za prvok, ktory v pomerne velkom rozsahu kontaminuje Zivotné
prostredie z antropogénnych zdrojov.

AZ okolo 90 % zo vsetkych hodnot sa pohybuje do koncentrdcie 0,3 mg.kg™!. Iba riecne
sedimenty zo zdrojovych oblasti Spi§sko-gemerského rudohoria a okolia Banskej Bystrice
indikuju najvyssiu koncentrdciu ortuti.

Regiondlne anomdlie v Spi§sko-gemerskom rudohori st zapri¢inené koncentrdciou lozisk
a vyskytov ortuti a ortut je aj sprievodny prvok v komplexnych sideritovo-sulfidickych ru-
déch. Celd oblast tvori geogénno-antropogénnu anomdliu.

Zvy3eny obsah ortuti vo vonkajSom flySovom pdsme koreSponduje s litoldgiou (priemerny
obsah Hg v ilovcoch je 0,185 mg.kg™ a v pieskovcoch 0,137 mg.kg™).

Kontinudlne zony s obsahom ortuti v intervale 0,16-0,63 mg.kg™! su identifikované v po-
vodi rieky Nitry od Prievidze, rieky Vdh od Nového Mesta nad Vihom a v oblasti Malého
Dunaja. Zdrojové oblasti tu nedosahuju uvedeny koncentrany rozsah, a preto mozno
predpokladat, Ze ide o antropogénnu dotdciu. T4 sa potvrdila v oblasti Galanty a Sale
aplikdciou povodiiovych sedimentov a urenim industridlnej hodnoty a hodnoty pozadia,
ktord je viacndsobne nizSia.

Hg

Mercury (Hg)

(atomic weight 200.61; atomic number 80)

Mercury naturally occurs in the oxidation states 0, +1 and +2, Hg** being most
abundant.

Mercury has specific geochemical properties. Native mercury is virtually nonexistent in
igneous, pegmatite, contact-metamorphic and pneumatolitic ore assemblages. Its major
mineral is the sulphide cinnabar. Cinnabar is formed in hydrothermal environments at the
lowest temperatures. All Hg deposits are post-magmatic, presumably derived from highly
differentiated acid or intermediate magmas. Disseminated mercury occurs in sulphides
which crystallized at low temperatures.

Cinnabar is virtually resistant to weathering and its solubility in water is extremely low. For
these reasons, mercury enters the geochemical cycle primarily in the form of mechanical-
ly released particles. Major natural sources of Hg comprise degassing of rocks in the
earth's crust, volcanic emissions, vegetation and oceans.

Mercury has been used for a long time (archeological evidence indicates 3,500 years) in
various industries, such as production of chemicals, dyes, paper, batteries, medicaments,
etc.

Mercury from man-made sources extensively contaminates the environment.

About 90 % of the samples contained less than 0.3 mg.kg' Hg. Only stream sediments
from source areas in the Spi§sko-gemerské rudohorie Mts. and the Banskd Bystrica area
display the highest mercury concentrations.

The regional anomalies in the Spi§sko-gemerské rudohorie are caused by a multitude of
mercury deposits and occurrences and by mercury associated with complex siderite-
sulphide ores. The entire area is occupied by a geogenic anomaly.

Increased mercury contents in the Outer Flysch belt correspond to its lithology (claystones
average 0.185 mg.kg! and sandstones 0.137 mg.kg"' Hg).

Continuous zones with mercury contents between .16 and 0.63 mg.kg! have been identi-
fied in the Nitra Basin downstream from the town of Prievidza, in the Vidh Basin
downstream from Nové mesto nad Vihom and in the Maly Dunaj area. The concentra-
tions in the source areas are lower and therefore these anomalies are probably caused by
human activities. A man-made origin of the anomalies has been confirmed in the Galanta
and Sala areas by determining industrial and background values in floodplain sediments,
the latter being several times lower.

- 0,
ORTUT 16000 /———’ | ;800/0/(’
MERCURY 14000 1 - 80%
1 ?-‘;; > 12000 + bez 99.percentilu r 70%
mg.kg 2 % 10000 + without 99" percentile r 60%
@2 8000 - - 50%
Statistické parametre 82 6000 | i 402"
Statistics Parametres &L 4000 - i ggty/z
Aritmet. priemer 0,30 2000 - L L 10%
Arithmetic mean 0 = ‘ ‘ ‘ —— ‘ ——— ‘ ‘ 0%
Standardnéa odchylka 3,31 g & § £ 8 4 § B8 8 8 & § g 3 2 8
Standard Deviation =) S) =) =) = ¥ i — - ~ N o o o o o
Geometr. priemer 0,09 mg.kg™
Geometr. Mean
Median 0,08
Median
Minimum 0,005 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 338,10 0,005 687 2,84 1,781 23 99,07
Maximum 0,116 16171 69,70 1,892 23 99,17
25. percentil 0,05 0,227 4239 87,22 2,003 22 99,26
75. percentil 0,14 0,338 1137 91,92 2,114 11 99,31
99. percentil 3,34 0,449 527 94,10 2,225 16 99,37
Hladina vyznamnosti (95 %) 0,04 0,560 315 95,40 2,336 12 99,42
Confidence Level (95 %) 0,671 206 96,25 2,447 17 99,49
0,782 154 96,89 2,558 15 99,55
0,893 128 97,42 2,669 14 99,61
Detekény limit 0,01 1,004 110 97,87 2,780 19 99,69
Detection limit 1,115 70 98,16 2,891 16 99,76
1,226 73 98,47 3,002 21 99,84
Pocet vzoriek pod 1,337 39 98,63 3,113 11 99,89
detekénym limitom 687 1,448 25 98,73 3,224 10 99,93
Number of samples below 1,559 34 98,87 3,335 15 99,99
detection limit 1,670 26 98,98 >3,335 2 100,00
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Draslik (K)

(atémovd hmotnost 39,102; atdmové ¢islo 19)

Draslik je jeden z hlavnych horninotvornych prvkov v zemskej kore. V prirodnych
podmienkach sa vyskytuje v oxidacnom stupni +1. V minerdloch mdZe byt nahradeny Rb,
Cs, Ba, Pb a Tl vdaka podobnym geochemickym vlastnostiam.

V priebehu diferencidcie magmy sa progresivne koncentruje, pricom plati, Ze jeho obsah
je vyssi v kyslych vyvretych hornindch oproti bazickym. Koncentruje sa aj v hydrotermdl-
nych roztokoch a pri procesoch metasomatozy.

V procesoch metamorfdzy je draslik pomerne stdly prvok. Jeho mobilizdcia moZe nastat
pocas retrogradnej metamorfozy (granulitovo-amfibolitovd fdcia).

V sedimentdrnych hornindch je draslik fixovany v autigénnom illite, alebo sorbovany na
povrchu flovych minerdlov.

Hlavnymi minerdlmi draslika su K Zivce, muskovit, biotit a evapority, ako napr. polyhalit,
silvin a pod.

Draselné Zivce su odolné proti zvetrdvaniu. V roztoku je draslik dobre mobilny v Sirokom
rozmedzi pH a E,. Jeho mobilita je silno ovplyvnend sorpciou na ilovych minerdloch.
Draslik sa tazi z draselnych soli. Md pomerne Siroké pouZitie ako hnojivo, v chemikdlidch
ainé.

Technogénna distribucia draslika do Zivotného prostredia prakticky nemd vyznam
v dosledku jeho geogénneho a biogénneho charakteru.

Priemerny obsah draslika v rie¢nych sedimentoch Slovenska je 1,54 = 0,40 %. Jeho
rozdelenie je pomerne uzko spojené s hlintkom a rubidiom, pri¢om koncentrdcia K je niz-
Sia ako v zemskej kore.

Distribucia draslika dobre koreSponduje s hodnotami jeho obsahu v jednotlivych horni-
novych typoch znosovych oblasti.

Najvyssi obsah je viazany na zdrojové povodia tvorené kryStalinikom jadrovych pohori
a paleozoickymi metamorfovanymi horninami. V uvedenych regionoch sa koncentrdcia
K v rie¢nych sedimentoch pohybuje v intervale 1,80-2,73 %.

Koncentricia okolo 1,3 % je charakteristickd pre oblasti tvorené bdzickej$imi neovulka-
nickymi horninami najma v Slanskych vrchoch a Vihorlate.

Znosové oblasti paleogénnych sedimentov najmd vo vonkajSom flySovom pdsme sa
vyznacuju premenlivym obsahom draslika v Sirokom intervale (1-2,2 %) a zdvisia od po-
dielu flovcov a pieskovcov a obsahu karbondtov v tychto hornindch.

Uzemia deficitné na draslik (menej ako 1 %) su tvorené mezozoickymi karbondtmi.
Distribucia draslika v rienych sedimentoch najmd niZinnych oblasti s intenzivnymi
polnohospoddrskymi aktivitami odrdZa zrejme aj jeho podiel doddvany v podobe hnojiv
najmi charakteru NPK.

K

Potassium (K)

(atomic weight 39.102; atomic number 19)

Potassium ranks among the major rock-forming elements of the earth's crust. It occurs in
nature in the oxidation state +1. In minerals it can be substituted for by Rb, Cs, Ba, Pb
and TI thanks to their similar geochemical properties.

The element progressively concentrates in the course of magmatic differentiation, its
contents being higher in acid igneous rocks than in basic ones. It concentrates in
hydrothermal solutions and during metasomatic processes as well.

In metamorphic processes, potassium is fairly stable. It is mobilized as late as during
retrograde metamorphism (granulite-amphibolite facies).

In sedimentary rocks, potassium is fixed in authigenic illite or on the surface of clay
minerals.

Major potassium minerals include K-feldspars, muscovite, biotite and evaporites such as
polyhalite, sylvine, etc.

Potassic feldspars are weathering-resistant. Potassium's mobility in solution is high over
wide pH and Eh intervals. Its mobility is strongly controlled by adsorption on clay
minerals.

Potassium is industrially obtained from potassic salts. It has fairly abundant uses as a
fertilizer, in chemicals, etc.

The technogenic distribution of potassium in the environment is virtually insignificant
owing to its geogenic and biogenic character.

Slovakia's stream sediments contain an average of 1.54 + 0.40 % K. Potassium distribu-
tion is rather closely associated with aluminium and rubidium, its concentration in stream
sediments being lower than that in the earth's crust.

The distribution of potassium well corresponds to its contents in respective rock types in
the source areas.

The highest contents are found in source drainage basins underlain by the crystalline units
of the core mountains and by Paleozoic metamorphosed rocks. In these regions, K
concentrations in stream sediments range from 1.80 to 2.73 %.

Values around 1.3 % K are typical of areas dominated by basic Neogene volcanics mainly
in the Sldnske vrchy and Vihorlat Mts.

Source areas of Paleogene sediments, notably in the Outer Flysch belt are characterized
by variable potassium contents between 1 and 2.2 % governed by the proportion of
claystones and sandstones and by the content of carbonates in these rocks.
Potassium-deficient areas with K contents below 1 % are underlain by Mesozoic carbon-
ates.

The distribution of potassium in stream sediments, particularly in intensively farmed
lowlands, presumably reflects also potassium added in the form of fertilizers, mainly
NPK ones.

6000 - 100%
5500 -| — | 909
DRASLIK 5000 - —/( I :gf
4500 - ’
POTASSIUM 5 5 soog |/ 70
Y% O & 3500 - - 60%
£ % 3000 - L 50%
Statistické parametre g © 25007 - 40%
Statistics Parametres ol 20 / - 30%
1500
Aritmet. priemer 1,54 1000 - - 20%
Arithmetic mean 500 - [ 10%
Standardna odchylka 0,40 L L L A A R
Standard Deviation s 2 5 I s 2% & g oo 42 2 505
Geometr. priemer 1,48 %
Geometr. Mean
Medién 1,51
Median
Minimum 0,01 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 5,80 0,01 4 0,02 3,05 68 99,62
Maximum 0,20 43 0,19 3,24 36 99,77
25. percentil 1,30 0,39 62 0,45 3,43 25 99,87
75. percentil 1,74 0,58 111 0,90 3,62 8 99,91
99. percentil 2,73 0,77 260 1,96 3,81 7 99,93
Hladina vyznamnosti (95 %) 0,01 0,96 757 5,06 4,00 9 99,97
Confidence Level (95 %) 1,15 1994 13,22 4,19 2 99,98
1,34 4084 29,94 4,38 2 99,99
1,53 5555 52,68 4,57 2 100,00
Detekény limit 0,01 1,72 5118 73,62 4,76 0 100,00
Detection limit 1,91 3120 86,39 4,95 0 100,00
2,10 1545 92,72 5,14 0 100,00
Pocet vzoriek pod 2,29 795 95,97 5,33 0 100,00
detekénym limitom 0 2,48 441 97,78 5,52 0 100,00
Number of samples below 2,67 242 98,77 571 0 100,00
detection limit 2,86 141 99,35 >5,71 1 100,00
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Litium (Li)

(atémova hmotnost 6,940; atémové ¢islo 3)

Litium je alkalicky kov, ktory sa v prirodnych podmienkach vyskytuje v oxidacnom stupni
+ 1. Md maly i6novy polomer, a preto sa li8i od ostatnych alkalickych kovov v geochemic-
kych procesoch.

V priebehu magmatickych procesov litium nahrddza Mg>* a Fe?* v pyroxéne, turmaline
a amfibole, podobne hor¢ik a hlinik v sfuddch ako lepidolit a chlorit.

Remobilizdcia litia pocas procesov regiondlnej metamorfézy je velmi limitovand a praktic-
ky neexistuje zdvislost medzi koncentrdciou Li a stupfiom metamorfdzy.

V sedimentdrnych hornindch je litium primdrne viazané na flové minerdly. Prakticky nie je
zndme obohatenie organickej hmoty o Li.

Najvyznamnej$i rudny minerdl litia je klinopyroxén a spodumen. Minerdly, ktoré obsahu-
ju litium, zvetrdvajui pomerne lahko. Na druhej strane je v8ak Li z roztoku rychlo odstrd-
nené vplyvom sorpcie najmé na koloidy flovych minerdlov a hydratovanych Fe-Mn oxidov,
ktoré st v rie¢nych sedimentoch jeho hlavnymi nositelmi popri sluddch a turmaline.
Litium a jeho zluceniny sa pouZivaju v medicine, skldrskom, keramickom a hutnickom
priemysle, pri vyrobe batérif, plastov a detergentov. Z hladiska Sirokého uplatnenia moze
byt jeho sekunddrna distribucia do Zivotného prostredia pomerne velkd.

Priemernd hodnota koncentrdcie litia v riecnych sedimentoch Slovenska je 30,8 = 11,3
mg.kg™!. Distribticia litia prevaZne dobre koresponduje s priemernymi hodnotami Li v jed-
notlivych horninovych typoch, ktoré reprezentuju zdrojové oblasti.

Kontinudlnu zénu najvysSieho obsahu Li predstavuje flySové pdsmo, kde sa jeho koncen-
trdcia pohybuje v intervale 31-64 mg.kg™'. Rozdiely su sposobené najmi zastipenim lov-
cov, pieskovcov a vo velkej miere je koncentrécia zdvisld od védpnitosti uvedenych litotypov.
V horninovom prostredi kry$talinika koli$u hodnoty koncentrdcie Li okolo priemeru a do
velkej miery ovplyviiuji obsah Li v €astiach ich mezozoického obalu.

Najvyssi obsah Li je aj v oblasti Spissko-gemerského rudohoria, kde su zdrojové horniny,
najmi paleozoické metamorfity.

Riecne sedimenty v oblasti neovulkanickych hornin maji najvy$si obsah litia, ktory sa
pohybuje v intervale 10-22 mg.kg .

Mozno predpokladat, Ze vacsie antropogénne anomdlie Li sa nachddzaju v oblasti Podu-
najskej a Vychodoslovenskej niziny v dolnom toku riek Vah a Latorica.

Li

Lithium (Li)
(atomic weight 6.940; atomic number 3)

Lithium is an alkali metal naturally occurring in the oxidation state +1. The element has
a small ionic radius and therefore its behaviour in geochemical processes is different from
those of the other alkali metals.

During magmatic processes, lithium substitutes for Mg?* and Fe?* in pyroxene, tourma-
line and amphibole as well as for magnesium and aluminium in micas, such as lepidolite
and chlorite.

Lithium's remobilization during regional metamorphic processes is very limited and there
is virually no relationship between Li concentration and metamorphic grade.

In sedimentary rocks, lithium is primarily associated with clay minerals. Virtually no
lithium enrichment is known in organic matter.

The most important ore minerals of lithium are clinopyroxene and spodumene. Lithium-
bearing minerals weather rather readily. On the other hand, lithium is quickly removed
from solution by adsorption chiefly on colloidal particles of clay minerals and hydrous Fe-
Mn oxides which, together with micas and tourmaline, are lithium's principal carriers in
stream sediments.

Lithium and its compounds are used in glass, pottery, battery, plastics and detergent
production, medicine and smelting. As the element is widely used, its secondary disper-
sion in the environment may be relatively significant.

Slovakia's stream sediments contain an average of 30.8 + 11.3 mg.kg! Li. Lithium distri-
bution mostly well corresponds with the average Li values in respective rock types
representing their source areas.

The Flysch Belt forms a continuous zone of the highest Li contents ranging from 31 to 64
mg.kg!. The differences are largely due to the proportion of claystones and sandstones as
well as their carbonate content.

In the crystalline units, Li concentrations vary around the average and considerably affect
also the Li contents in areas underlain by their Mesozoic mantle. The highest Li levels are
also found in the Spissko-gemerské rudohorie where they are caused primarily by
Paleozoic metamorphosed rocks.

Stream sediments in the area dominated by neovolcanic rocks display Li highs between 10
and 22 mg.kg'.

Major, presumably man-made, Li anomalies lie in the lower tracts of the Vdh River in the
Danube Basin and the Latorica River in the East Slovakian Basin.

. 3500 - 100%
LITIUM 3000 ] - 90%
LITHIUM . : - 80%
B e 2500 + bez 99. percentilu - 70%
mg.kg 25 2000 VA without 99" percentile - 60%
83 1500 | r 50%
Statistické parametre 5 [ 40%
Statistics Parametres oL 1000 ~ | ggoﬁ
Aritmet. priemer 30,76 500 + L 10%
Arithmetic mean 0 - ‘ L1 ‘ ‘ ‘ ‘ ‘ == ‘ 0%
Standardnéa odchylka 11,29 8 R § & 88 8 & & & & R & I & B8 8
Standard Deviation e ¥ *® g 5 ¥ & 8 & 8 g ¢ 8 88 3 3
Geometr. priemer 28,94 mg.kg™
Geometr. Mean
Median 29,00
Median
Minimum 0,50 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 470,00 0,50 7 0,02 34,26 1606 71,15
Maximum 2,61 8 0,06 36,37 1406 76,97
25. percentil 24,00 4,72 27 0,17 38,48 1186 81,87
75. percentil 36,00 6,83 49 0,38 40,59 900 85,59
99. percentil 64,00 8,94 84 0,72 42,70 732 88,62
Hladina vyznamnosti (95 %) 0,14 11,05 127 1,25 44,81 579 91,01
Confidence Level (95 %) 13,16 154 1,88 46,92 494 93,05
15,27 267 2,99 49,03 563 95,38
17,38 561 5,31 51,14 320 96,70
Detekény limit 1,00 19,49 1056 9,67 53,25 233 97,67
Detection limit 21,60 1730 16,83 55,36 187 98,44
23,71 1957 24,92 57,47 124 98,95
Pocet vzoriek pod 25,82 2314 34,48 59,58 100 99,37
detekénym limitom 7 27,93 2249 43,78 61,69 85 99,72
Number of samples below 30,04 3244 57,19 63,80 61 99,97
detection limit 32,15 1771 64,52 >63,80 7 100,00
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Hor¢ik (Mg)

(atomova hmotnost 24,312; atémové ¢islo 12)

Horcik patri medzi zdkladné litofilné prvky. Podobne ako ostatné kovy alkalickych zemin
(Be, Ca, Ba a Sr) sa v prirodnych podmienkach vyskytuje v oxida¢nom stupni +2. Geo-
chemické vlastnosti md podobné ako Fe, Ni, Co, Sc, Zn a Li, ktoré moZe v krystalickych
mriezZkach nahrddzat.

V priebehu magmatickych procesov sa Mg koncentruje v skorSom $tddiu diferencidcie a je
jednou zo zdkladnych zloZiek pri tvorbe horninotvornych minerdlov ako olivin, pyroxén,
amfiboly a sludy.

Distribucia horcika pocas metamorfnych procesov ostdva prakticky nezmenend, s vynim-
kou jeho mobilizdcie v priebehu tvorby fdcie zelenych bridlic a kontaktnej metamorfézy
(tvorba dolomitov, Mg kalcitov, magnezitu a pod.).

V sedimentdrnych hornindch sa hor¢ik vyskytuje najmd v podobe dolomitu, chloritu
a glaukonitu.

Hlavné minerdly horcika su olivin, pyroxény, flogopit, chlorit, kordierit, magnezit, dolomit
a pod.

Minerdly hor¢ika zvetrdvajui pomerne lahko. Rozpusteny Mg sa z roztoku odstrafiuje vo
forme karbondtov a sorpciou na flovych minerdloch a tieZ priamou inkorpordciou do ak-
tivnej organickej hmoty.

Vyuzivanie hor¢ika ako lahkého kovu je v porovnani s ostatnymi aplikdciami zanedbatel-
né. PouZiva sa najmé ako ohiiovzdorny materidl (magnezit) a tvorf sicast cementov.

Do Zivotného prostredia antropogénne vstupuje vo forme hnojiv a rozli¢nych druhov od-
padu. Jeho prirodnd distribuicia je tym pomerne silno ovplyvnend.

Priemerny obsah hor¢ika v rie¢nych sedimentoch Slovenska je 1,13 + 1,03 %. Je to hod-
nota niz8ia ako jeho priemerny obsah v zemskej kore.

Distribucia hor¢ika v riecnych sedimentoch je v pomerne tizkej koreldcii s jeho obsahom
v zdrojovych hornindch a je ovplyvnend aj inymi faktormi, najmé v niZinnych oblastiach.
Je podobnd distribuicii vdpnika.

Anomidlie s obsahom Mg v rozsahu 1,37-5,75 % su dost jednoznacne viazané na znosové
oblasti mezozoickych karbondtov s prevahou dolomitov.

Pomerne vysoky obsah MgO (1,4-6,4 %) je v metamorfovanych paleozoickych hornindch,
navyse, v oblasti Spissko-gemerského rudohoria je zvySeny o pocetné loZiskd magnezito-
vo-mastencovych rud a vyskytov, ktoré v suvislosti s ich dpravou zapriCitiuji kontrastné
geogénno-antropogénne anomdlie Mg v rozsahu 1-5,75 %.

Vdaka alkalickejSiemu charakteru vychodoslovenskych neovulkanitov (Vihorlat a Slanské
vrchy) sa v tychto znosovych oblastiach Mg vyrazne prejavuje v koncentrdcii 1-1,15 %.
Intenzivna anomdlia s vysokym obsahom hor¢ika v oblasti Podunajskej niziny je sposobe-
nd zrejme Specifickymi podmienkami, najma pH povrchovych tokov, ktoré md prevazne
hodnotu nad 8, a vznikaju tu sekunddrne karbondtové minerdlne fdzy. Predpokladd sa, Ze
urcity podiel Mg v tejto oblasti pochddza z aplikdcie hnojiv. V uvedenom regiéne sa
v podzemnych voddch zistil najvy$si obsah Mg (70-80 mg.I"), ¢o dokresluje Specifické
podmienky a geogénno-antropogénny povod horcika.

Mg

Magnesium (Mg)

(atomic weight 24.312; atomic number 12)

Magnesium is one of major lithophile elements and, like the other alkali-earth metals (Be,
Ca, Ba and Sr), is found in nature in the oxidation state +2. Its geochemical properties
are similar to those of Fe, Ni, Co, Sc, Zn and Li all of which it can replace in crystal
lattices.

During magmatic processes, Mg concentrates in the early stage of differentiation and is
one major constituents in the formation of the rock-forming minerals olivine, pyroxene,
amphiboles and micas.

The distribution of magnesium remains virtually unchanged throughout metamorphic
processes except for its mobilization in greenschist-facies and contact metamorphism
which give rise to dolomites, Mg-calcites, magnesite, etc.

In sedimentary rocks, magnesium is associated mainly with dolomite, chlorite and
glauconite.

The major minerals of magnesium include olivine, pyroxenes, phlogopite, chlorite,
cordierite, magnesite, dolomite, etc.

Magnesium minerals weather fairly readily. Dissolved magnesium is removed from
solution in the form of carbonates and by adsorption on clay minerals or by direct
incorporation into active organic matter.

Magnesium is used as a light metal, but in quantities insignificant compared to the other
applications, such as a refractory (magnesite) or a constituent of cement.

Man-made magnesium contaminates the environment in the form of fertilizers and wastes
of various kinds which strongly disturb its natural distribution.

The average magnesium content in Slovakia's stream sediments amounts to 1.13 + 1.03
mg.kg!, i.e. less than the average crustal abundance of this element.

The distribution magnesium in stream sediments fairly well correlates with that in source
rocks, but reflects also other factors, notably in lowlands. It resembles the distribution of
calcium.

Anomalies ranging from 1.37 to 5.75 % Mg are fairly clearly associated with the source
areas of Mesozoic carbonates dominated by dolomites.

Rather high levels between 1.4 and 6.4 MgO occur in metamorphosed Paleozoic rocks.
Even higher values in the SpiSsko-gemerské rudohorie are found in the vicinity of
numerous magnesite-talc deposits and occurrences where mining and mineral-processing
are responsible for distinct Mg anomalies between 1 and 5.75 %.

Owing to their fairly alkaline character, Eastern Slovakian Neovolcanics (Vihorlat and
Slanske vrchy Mts.) display marked concentrations between 1 and 1.15 % Mg.

A magnesium high in the Danube Lowland is probably due to specific local conditions,
mainly the pH of surface streams which mostly exceeds 8 and gives rise to secondary
carbonate mineral phases. Fertilizer application may also be partly responsible for this
anomaly. Ground waters in this region have the highest Mg contents (70 - 80 mg.kg™")
which attest to the specific local conditions and geogenic-man-made origin of
magnesium.

12000 - 100%
. 11000 - | L 909
HORCIK 10000 | / | :802
MAGNESIUM %> 8000 - 70%
% O < 7000 - - 60%
£ 8 6000 - - 50%
e 0 @ 5000 - - 40%
Statistické parametre n? LT 4000 - | 30%
Statistics Parametres 3000 - | 20%
Aritmet. priemer 1,13 iggg ] | 10%
Arithmetic mean 0 : : B e S ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ L ow
Standardna odchylka 1,03 2 5 & 8 g9 9 5 g L2 g @ § 2 8w o @
Standard Deviation s o & a4 @ & w8 8 © 9~ @ o g g o o
Geometr. priemer 0,90 %
Geometr. Mean
Median 0,82
Median
Minimum 0,03 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 12,77 0,03 1 0,00 6,75 27 99,35
Maximum 0,45 2200 9,01 7,17 22 99,44
25. percentil 0,61 0,87 11382 55,59 7,59 21 99,52
75. percentil 1,20 1,29 5429 77,82 8,01 18 99,60
99. percentil 5,47 1,71 1944 85,77 8,43 15 99,66
Hladina vyznamnosti (95 %) 0,01 2,13 1003 89,88 8,85 7 99,69
Confidence Level (95 %) 2,55 672 92,63 9,27 13 99,74
2,97 593 95,06 9,69 11 99,79
3,39 406 96,72 10,11 16 99,85
Detekény limit 0,01 3,81 242 97,71 10,53 10 99,90
Detection limit 4,23 125 98,22 10,95 8 99,93
4,65 95 98,61 11,37 11 99,97
Pocet vzoriek pod 5,07 64 98,87 11,79 6 100,00
detekénym limitom 0 5,49 36 99,02 12,21 0 100,00
Number of samples below 591 35 99,16 12,63 0 100,00
detection limit 6,33 19 99,24 >12,63 1 100,00
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Mangidn (Mn)

(atémova hmotnost 54,94; atdmové ¢islo 25)

Mangén je kovovy litofilny stopovy prvok, ktory sa v prirodnych podmienkach vyskytuje
v oxidacnom stupni +3, +5, +6, +7, ale najmé +2 a +4.

Poc¢as magmatickych procesov sa mangdn vyskytuje najma v dvojmocnej forme. V priebe-
hu skorsSieho $tddia diferencidcie magmy sa Mn akumuluje v etape kryStalizdcie mafickych
hornin. Je zastipeny v mafickych a femickych minerdloch, v ktorych nahrddza Zelezo, hor-
¢ik a vdpnik.

V priebehu progresivnej regiondlnej a kontakinej metamorfézy je mangdn imobilny. Jeho
remobilizdcia sa realizuje pocas tvorby granulitovo-amfibolitovych fdcii a v procesoch
hydrotermdlnej aktivity a regiondlnej metamorfozy.

V sedimentdrnych hornindch je obsah mangdnu kontrolovany zdrojovymi horninami
a oxidacno-redukénym potencidlom (tvorba konkrécii a povlakov Mn*+ oxidov, silikdtov
a karbondtov).

Hlavnymi minerdlmi mangdnu su pyroluzit, psilomeldn, manganit, rodochrozit a rodonit.
Mafické silikdty zvetrdvaju pomerne rychlo a mangdn je v redukénom prostredi dobre mo-
bilny. V oxida¢nych podmienkach sa tvoria hydratované oxidy Mn**, ktoré maju velku
sorpcnd kapacitu.

Mangédn sa pouZiva najmi v hutnickom a chemickom priemysle. Jeho antropogénna
distribucia do Zivotného prostredia ma vedIajsi vyznam.

Priemerny obsah mangdnu v rie¢nych sedimentoch Slovenska je 990,10 = 1 091,00
mg.kg™!, ¢o reprezentuje hodnotu vyssiu ako v kontinentdlnej zemskej kore.

Distribuicia mangdnu v rie¢nych sedimentoch odrdza nasledujtice skutocnosti: Najvyssi
obsah MnO v zdrojovych hornindch, okolo 1 %, sa nachddza v intermedidrnych az bazic-
kych metavulkanitoch, andezitoch, porfyroch a flovcoch. Dalsim zdrojom Mn sti pocetné
hematitové a mangdnové loZiskd a vyskyty, v ktorych je Mn vedlajsim prvkom. DolezZitym
faktom je aj to, Ze zdrojové horniny s vysokym obsahom mangdnu pomerne dobre zvetrd-
vaji a Mn sa uvoliiuje do prostredia.

Najvyssia koncentrdcia mangdnu (1 240-4 396 mg.kg™! a viac) je viazand najma na znoso-
vé oblasti neovulkanitov, paleogénne sedimenty s prevlddajuicim zastipenim flovcov a po-
dobne aj neogénne sedimenty. Anomdlie v podobnom koncentraénom rozsahu su
charakteristické aj pre znosové oblasti metamorfovanych paleozoickych hornin najméi
v Spissko-gemerskom rudohori, umocnené loZiskami a vyskytmi s vysokym obsahom
manganu.

Podpriemernymi hodnotami Mn sa vyznacuju znosové oblasti tvorené mezozoickymi
karbondtmi a tizemie Podunajskej a Zdhorskej niziny, kde vSak, naopak, vdaka redukénym
podmienkam su vysoké anomdlie Mn v podzemnych voddch.

Mn

, 4500
MANGAN 4000 -
MANGANESE _ 3500 -
>
-1 0 & 3000
mg.kg g S 2500
I 85 2000 -
Statistické parametre 02 1500
L. oL
Statistics Parametres 1000 -
Aritmet. priemer 990,10 500 -
Arithmetic mean 0

Manganese (Mn)

(atomic weight 54.94; atomic number 25)

Manganese is a metallic, lithophile trace element naturally occurring in the oxidation
states +3, +5, +6, +7, but mainly +2 and +4.

During magmatic processes, manganese is mostly divalent. In the early stage of magmat-
ic differentiation, Mn accumulates through the crystallization of basic rocks. The element
is present in mafic and femic minerals where it substitutes for iron, magnesium and
calcium.

Manganese is immobile during progressive regional and contact metamorphism. It
becomes mobile during the formation of granulite-amphibolite facies and in hydrothermal
processes and regional metamorphism.

Manganese content in sedimentary rocks is governed by their parent rocks and redox
potential (formation of concretions and coatings of Mn** oxides, silicates and carbon-
ates).

The main manganese minerals are pyrolusite, psilomelane, manganite, rhodochrosite and
rhodonite.

Basic silicates break down readily during weathering and manganese is highly mobile in a
reducing environment. An oxidizing environment, however, gives rise to hydrous Mn**
oxides with a great adsorption capacity.

Manganese is used primarily in the smelting and chemical industries. Its man-made
dispersal into the environment is of minor importance.

Stream sediments in Slovakia average 990.10 + 1,091.00 mg.kg' Mn, more than the
average Mn abundance in the continental earth's crust.

The distribution of manganese in stream sediments reflects the following facts. The
highest MnO levels in source rocks (around 1 %) are found in intermediate and basic
metavolcanics, andesites, porphyries and claystones. Further sources of Mn include a
multitude of manganese deposits and occurrences as well as hematite ones where Mn is a
minor element. Another significant factor is that manganese-rich source rocks readily
break down during weathering and release Mn into the environment.

The highest manganese concentrations (1,240 - 4,396 mg.kg!) are associated largely with
source areas underlain by Neovolcanics as well as Paleogene and Neogene claystone-
dominated sediments. Anomalies with similar contents are typically associated also with
source areas made up of Mesozoic metamorphosed rocks, notably in the Spissko-
gemerské rudohorie where the contents are further increased by manganese-containing
deposits and occurrences.

Below-average Mn values are characteristic of source arecas underlain by Mesozoic
carbonates and the Danube and Zdhorie lowlands. Nevertheless, thanks to their reducing
condtions these lowlands display highly anomalous Mn levels in ground waters.

100%
r 90%
- 80%
r 70%
r 60%
r 50%
r 40%
r 30%
r 20%
r 10%

\

bez 99. percentilu
without 99" percentile

AN

0%

Standardnéa odchylka 1091,00 S N ¥ F & d Y @ 9 9 I e 2 I s 3
- o [*)] [e) N~ N~ © [Te] < <t [90] N — - o ()]
Standard Deviation @ v © 49 3 5 & & & & & 8 &8 T 2
Geometr. priemer 803,28 mg.kg'l
Geometr. Mean
Median 770,00
Median
Minimum 10,00 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 45000,00 10,0 1 0,00 2349,2 157 96,92
Maximum 156,2 85 0,36 2495 4 152 97,55
25. percentil 550,00 302,4 654 3,06 2641,6 106 97,99
75. percentil 1120,00 448,6 2426 13,09 2787,8 84 98,34
99. percentil 4396,90 594,8 4178 30,36 2934,0 70 98,63
Hladina vyznamnosti (95 %) 13,68 741,0 4325 48,24 3080,2 59 98,87
Confidence Level (95 %) 887,2 3188 61,42 3226,4 45 99,06
1033,4 2503 71,77 3372,6 50 99,26
1179,6 1553 78,19 3518,8 27 99,38
Detekcény limit 10,00 1325,8 1357 83,80 3665,0 35 99,52
Detection limit 1472,0 913 87,58 3811,2 26 99,63
1618,2 684 90,40 3957,4 30 99,75
Pocet vzoriek pod 1764.,4 513 92,52 4103,6 21 99,84
detekénym limitom 0 1910,6 408 94,21 4249,8 22 99,93
Number of samples below 2056,8 268 95,32 4396,0 16 100,00
detection limit 2203,0 231 96,27 >4396,0 1 100,00%
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Molybdén (Mo)

(atomova hmotnost 95,95; atémové ¢islo 42)

Molybdén je kovovy prvok so siderofilnymi a chalkofilnymi vlastnostami. V prirodnych
podmienkach sa vyskytuje v oxida¢nom stupni +2, +3, +5, a najméd +4 a +6.

Pocas procesov frakciondcie magmy je molybdén inkompatibilny a iastocne vstupuje do
mriezky horninotvornych silikdtov. Limitovane moZe nahrddzat Ti** a Fe’* v akcesoric-
kych minerdlnych fdzach. Geochemicky ma podobné vlastnosti ako W a Re.

Vseobecne sa Mo akumuluje v diskrétnych minerdlnych asocidcidch vzniknutych v priebe-
hu metamorfozy.

V sedimentoch sa sprdva podobne ako med a viaZe sa na organickd hmotu a ¢ierne brid-
lice.

NajvyznamnejSie minerdly molybdénu st molybdenit, powellit, wulfenit a skelit.

Pri procesoch zvetrdvania tvori Mo rozpustné komplexy najmé pri vysokych hodnotdch E,
a pH. Jeho mobilita je vSak velmi ovplyvnend sorpciou na flové minerdly a $pecidlne
sorpciou na organickd hmotu pritomnu v sedimentoch. Pri procesoch zvetrdvania moze
tvorit molybdenany ako powellit a wulfenit.

Pouziva sa najmd v hutnickom priemysle, ale md aj mnohé iné aplikdcie. Potencidlnym
antropogénnym zdrojom molybdénu mozu byt huty, odpadové vody, mazacie oleje a pod.
Distribticia molybdénu v rie¢nych sedimentoch Slovenska je pomerne monoténna. Prie-
mernd hodnota je 0,45 + 0,78 mg.kg™! a variancia 0,61 mg.kg™".

Zvy3eny podiel je moZné pripisat geogénno-antropogénnym anomdlidm, zdrojom ktorych
sti U-Mo-Cu lozZiskd a vyskyty v Novoveskej Hute, Krompachoch, Kosickych Hamroch
a Rochovciach.

Oblasti zvySenej koncentrdcie molybdénu su v strednej a vychodnej ¢asti flySového pasma.
Pric¢inou anomédlie moZe byt atmosféricky spad z polskych hutnickych aglomerdcii a Isteb-
ného (ferozliatinové zavody; v okolf sa zistil dlhodobo zvySeny obsah najma hlinika a dal-
Sich kovov v snehovej pokryvke pocas 22-ro¢ného monitoringu zimnych zrdZok na tizemi
Slovenska), ale aj zvySeny podiel molybdénu v flovcoch.

Podobne mozno predpokladat antropogénny povod molybdénu v pocetnych anomdlidch
menSieho rozsahu v okoli priemyselnych centier, z ktorych najvyssie su sustredené do ob-
lasti Podunajskej a Vychodoslovenskej niziny a KoSickej kotliny.

Mo

Molybdenium (Mo)

(atomic weight 95.95; atomic number 42)

Molybdenium is a metallic element with siderophile and chalcophile properties. It is found
in nature in the oxidation states +2, +3, +35, but mainly +4 and +6.

During magmatic-fractionation processes, molybdenium is incompatible and partly enters
lattices of rock-forming silicates. To a limited extent it can also replace Ti** and Fe** in
accessory mineral phases. Its geochemical properties are similar to those of W and Re.
In general, Mo accumulates in discrete mineral assemblages formed during metamor-
phism.

In sediments it behaves like copper and is bound to organic matter and black shales.
Major molybdenium minerals are molybdenite, powellite, wulfenite and skelite.

During weathering, Mo forms soluble complexes, particularly at higher Eh and pH. Its
mobility, however, is strongly controlled by adsorption on clay minerals, but mainly on
organic matter in sediments. During weathering processes it can form molybdates like
powellite and wulfenite.

Used mainly in the smelting industry, molybdenium also has a number of other applica-
tions. Potential man-made sources of molybdenium comprise smelting plants, waste
waters, lubrication oils, etc.

The distribution of molybdenium in Slovakia's stream sediments is fairly monotonous, the
average value being 0.45 + 0.78 mg.kg!' Mo and variance 0.61 mg.kg".
Geogenic-man-made anomalies are due to U-Mo-Cu deposits and occurrences at
Novoveskd Huta, Krompachy, Kosické Hamre and Rochovce.

Increased molybdenium concentrations are found also in the central and eastern tract of
the Flysch Belt. These could be caused by atmospheric fallout from Poland's smelters and
a ferroalloy plant at Istebné as well as by increased molybdenium levels in claystones. In
the vicinity of the Istebné plant, 22-year monitoring of winter precipitation has revealed
increased values mainly of aluminium, but also of some other metals

Similarly, less extensive molybdenium anomalies near industrial centres are also believed
to be of man-made origin. These anomalies reach the highest values in the Danube, East
Slovakian and Kogice basins.

, 5000 _ 100%
MOLYBDEN 4500 | L 90%
MOLYBDENUM L, 0o || // o
R - 7 bez 99. percentilu r 0
mg.kg ! § % 3000 ~ 7 without 99" percentile - 60%
B 2 2500 1 / - 50%
Statistické parametre g © 2000 - - 40%
Statistics Parametres ot 1388 b | 2’8?;"
Aritmet. priemer 0,45 500 - | 10(;;
Arithmetic mean oL 1 I : B I ) I e e —— = : ‘ : : ‘ — 0%
Standardna odchylka 0,78 2 g 5 8 8 8 & 5 ¥ 2 B8 & 5 9 8 =2
Standard Deviation e e e © e © - - - - - - - N o N
Geometr. priemer 0,28 mg.kg™
Geometr. Mean
Median 0,30
Median
Minimum 0,05 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 64,30 0,05 4831 0.20 1,33 140 0.97
Maximum 0,13 740 0.23 1,41 110 0.98
25. percentil 0,20 0,21 2650 0.34 1,49 0 0.98
75. percentil 0,50 0,29 0 0.34 1,57 86 0.98
99. percentil 2,50 0,37 4105 0.51 1,65 81 0.99
Hladina vyznamnosti (95 %) 0,01 0,45 3571 0.66 1,73 70 0.99
Confidence Level (95 %) 0,53 2490 0.76 1,81 61 0.99
0,61 1714 0.83 1,89 0 0.99
0,69 0 0.83 1,97 46 0.99
DetekCny limit 0,10 0,77 1179 0.88 2,05 41 0.99
Detection limit 0,85 781 0.91 2,13 28 1.00
0,93 524 0.93 2,21 44 1.00
Pocet vzoriek pod 1,01 395 0.95 2,29 0 1.00
detekénym limitom 4831 1,09 0 0.95 2,37 30 1.00
Number of samples below 1,17 245 0.96 2,45 22 1.00
detection limit 1,25 200 0.97 >2,45 4 1.00
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Sodik (Na)

(atomova hmotnost 22,991; atémové ¢islo 11)

Sodik je alkalicky kov a patri medzi hlavné litofilné prvky. V prirodnych podmienkach sa
vyskytuje v oxida¢nom stupni +1.

V priebehu procesov diferencidcie magmy je sodik koncentrovany v poslednom $tddiu, ked
sa vylucuju najkyslejsie plagioklasy a draselné Zivce. V pegmatitovej faze sa nahromaduje
Na v celom rade Specifickych minerdlov, z ktorych najcharakteristickejSie su alkalické tur-
maliny a kryolit.

Sekunddrne koncentrovanie sodika sa realizuje pri procesoch hydrotermdlnej metaso-
matdzy v dosledku albitizdcie K Ziveov a bdzickych plagioklasov.

Hlavné minerdly sodika su halit, oligoklas, albit, nefelin, alkalické pyroxény a amfiboly.
Pocas procesov zvetrdvania su plagioklasy pomerne stabilné. Rozpusteny sodik je jeden
z najmobilnejsich kovov. Migruje v iénovej forme a akumuluje sa v ocedne. Vylucuje sa pri
odparovani morskej vody za vzniku evaporitov, z ktorych najvacsi vyznam md halit, séda
a dalSie ako mirabilit, glauberit, astrachanit a pod.

Najvacsie pouzitie md ako stolovd a priemyselnd sol, ktord sa vyuZiva aj na vyrobu kovo-
vého sodika a chromu.

Sodik z hladiska antropogénnej distribicie do Zivotného prostredia vzhladom na svoje
geochemické vlastnosti nemd velky vyznam, okrem $pecifickych pripadov, ako napr. zimny
posypovy materidl a pod.

Priemerny obsah sodika v rie¢nych sedimentoch Slovenska je 0,94 = 0,4 %, ¢o v porovna-
ni s jeho obsahom v zemskej kore je pribliZne trojndsobne niZsia hodnota.

Distribtcia sodika v rie¢nych sedimentoch velmi dobre odrdZa zastipenie jednotlivych
horninovych typov v povodiach s vynimkou paleogénnych sedimentov, v ktorych md jeho
Anomilie s koncentrdciou sodika v rozmedzi 1,15-2,35 % su pomerne jednoznacne viaza-
né na znosové oblasti kryStalinika tatrika a veporika, ojedinele na neovulkanické horniny
najma v oblasti stredného Slovenska. V uvedenych horninovych typoch je najvyssie
zastupenie minerdlov s vysokym obsahom sodika (plagioklasy, alkalické pyroxény a amfi-
boly).

zozoické karbondtove horniny. V tychto znosovych uzemiach sa koncentrdcia Na pohybu-
je v intervale 0,21-0,54 %. V podobnom rozsahu je Na charakteristicky aj pre kvartérne
sedimenty Dunaja v oblasti Podunajskej niZiny.

Na

Sodium (Na)

(atomic weight 22.991; atomic number 11)

Sodium is an alkali metal, one of the main lithophile elements. In nature it occurs in the
oxidation state +1.

During magmatic-differentiation processes, sodium concentrates in the last stage when
the acidest plagioclases and potassium feldspars solidify. In the pegmatite phase, Na
accumulates in a wide variety of distinct minerals, the most typical of which are alkaline
tourmalines and cryolite.

A secondary build up of sodium takes place during hydrothermal replacement processes
as a result of albitization of K-feldspars and basic plagioclases.

Major sodium minerals are halite, orthoclase, albite, nepheline, alkaline pyroxenes and
amphiboles.

During weathering, plagioclases are fairly stable. Dissolved sodium ranks among the most
mobile elements. It migrates in an ionic form and accumulates in the ocean. Seawater
evaporation results in the deposition of sodium-containing evaporites, the most signifi-
cant of which are halite, soda, and to a lesser extent also mirabilite, glauberite, astrakhan-
ite, etc.

The element's major uses comprise table and industrial salt, the latter being used also in
the production of metallic sodium and chromium.

Owing to its geochemical properties, sodium's man-made distribution in the environment
is of little importance, except for some specific cases like nonslip grit, etc.

Stream sediments in Slovakia contain an average of 0.94 + 0.4 % Na, approximately one
third of the element's average crustal abundance. .

Sodium distribution in stream sediments very well reflects the percentages of respective
rock types in their drainage basins except for Paleogene sediments in which Na concen-
trations are relatively highly variable, in the local scale ranging from the lowest to the
highest values.

Anomalies between 1.15 and 2.35 % Na are rather clearly associated with source areas in
the crystalline units of the Tatricum and Veporicum, exceptionally also with Neogene
volcanic rocks, mainly in central Slovakia. These rock types contain the highest percent-
ages of sodium-rich minerals, such as plagioclases, alkaline pyroxenes and amphiboles.
Contrasting areas with the lowest sodium values in stream sediments are due to the
presence of Mesozoic carbonates. In these source areas, Na concentrations range from
0.21 to 0.54 %. Similar contents are characteristic of Danube River Quaternary sediments
in the Danube Lowland.

5000 - 100%
. 4500 -| T 1— - 90%
SODIK 4000 / - 80%
SODIUM % 5. 3500 - ) - 70%
% 8 2 3000 - / - 60%
£ % 2500 | / L 50%
Statistické parametre '8 © 2000 - - 40%
Statistics Parametres &L 1500 | / - 30%
Aritmet. priemer 0,94 1000 + - 20%
Arithmetic mean 500 + - 10%
Standardna odchylka 0,40 o= T 0%
Standard Deviation S S S 05 & N T8 o < 3 < = 5 = o
Geometr. priemer 0,86 %
Geometr. Mean
Median 0,87
Median
Minimum 0,01 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 3,67 0,01 1 0,00 1,93 236 96,62
Maximum 0,13 96 0,40 2,05 225 97,54
25. percentil 0,71 0,25 304 1,64 2,17 162 98,20
75. percentil 1,07 0,37 613 4,15 2,29 153 98,83
99. percentil 2,35 0,49 924 7,93 2,41 101 99,24
Hladina vyznamnosti (95 %) 0,01 0,61 1791 15,26 2,53 66 99,51
Confidence Level (95 %) 0,73 3314 28,83 2,65 48 99,71
0,85 4634 47,80 2,77 34 99,85
0,97 4423 65,90 2,89 17 99,92
Detekény limit 0,01 1,09 2664 76,80 3,01 12 99,97
Detection limit 1,21 1587 83,30 3,13 5 99,99
1,33 1111 87,84 3,25 2 100,00
Pocet vzoriek pod 1,45 725 90,81 3,37 0 100,00
detekénym limitom 0 1,57 512 92,91 3,49 0 100,00
Number of samples below 1,69 380 94,46 3,61 0 100,00
detection limit 1,81 291 95,65 >3,61 1 100,00
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Nikel (N1)

(atomova hmotnost 58,71; atémové ¢islo 28)

Nikel je kovovy prvok so siderofilnymi, chalkofilnymi a litofilnymi vlastnostami. V prirod-
nych podmienkach sa vyskytuje v oxida¢nom stupni +1, +3, a najma +2.

Pri magmatickych procesoch (velkost i6nového polomeru Ni** je medzi Mg>* a Fe¥*) sa
nikel odstrariuje zo silikdtovej taveniny v skorSom $tddiu, pri kryStalizdcii olivinu, pyroxé-
nov a amfibolov. Ak magma obsahuje siru, nikel je segregovany spolu so Zelezom do
separdtnej sulfidickej fazy, typickej zastipenim pyrotinu a pentlanditu.

Nikel md velmi limitovanu mobilitu pri procesoch nizkoteplotnej hydrotermdlnej aktivity,
nizkom aj vysokom stupni metamorfozy.

V tropickych klimatickych podmienkach sa nikel akumuluje v lateritoch.

Hlavnymi minerdlmi niklu su pentlandit, chloantit, gersdorfit, garnierit a pod.

Sulfidické aj silikdtové minerdly niklu pomerne lahko zvetrdvaju. Nikel sa z roztoku
odstratiuje vo forme silikdtov alebo je sorbovany na hydratované oxidy Zeleza a mangdnu.
V rie¢nych sedimentoch sa vyskytuje vo forme oxidov a silikdtov.

Nikel sa pouZziva najmi v oceliarskom priemysle, pricom md pomerne vysoky podiel
recykldcie. Environmentdlny impakt sposobuje najmé priemyselny prach, odpad a odpa-
dové vody.

Priemerny obsah niklu v rie¢nych sedimentoch Slovenska md hodnotu 27 + 35 mg.kg™,
pricom prevazuju hodnoty pod 35 mg.kg.

Distribtcia niklu je velmi indikativna pre sedimenty vonkajSieho flySového pdsma,
neovulkanické horniny a granitoidy tatrika a veporika.

Vysoké a najvyssie hodnoty v intervale 29-88 mg.kg a lokdlne aj viac su viazané na zno-
sové oblasti flovcov a pieskovcov vonkajsieho flySového pdsma. Lokdlne varidcie Ni su
zrejme zapriCinené zastipenim flovcov (obsahuju viac Ni) a pieskovcov a tieZ podielom
karbondtovej zlozky. Koncentrdcia niklu v rozmedzi 20-80 mg.kg™! sa zistila aj v rie¢nych
sedimentoch flySového pdsma v Polsku.

Anomdlie menSieho ploSného rozsahu, ale s vysokym intervalom koncentrdcie Ni su
charakteristické aj pre znosové oblasti veporika a gemerika. Zdrojom Ni su tu metamorfo-
vané paleozoické horniny a vyskyty niklu ako sprievodného prvku v mnohych typoch rud-
nej mineralizdcie a tieZ vyskyty Cr-Ni-Co rid v sedimentoch a metavulkanitoch veporika
a gemerika.

Hodnoty obsahu niklu v intervale 4-15 mg.kg™! st charakteristické pre znosové oblasti tvo-
rené neovulkanickymi horninami a prevaznej vacsiny krystalinika jadrovych pohori.
Mozno predpokladat, Ze vysoké anomdlie sustredené v niZinnych oblastiach su sposobe-
né scasti antropogénnou dotdciou niklu do Zivotného prostredia.

Ni

Nickel (N1)

(atomic weight 58.71; atomic number 28)

Nickel is a metallic element with siderophile, chalcophile and lithophile properties which
occurs in nature in the oxidation states +1, +3, but mainly +2.

During magmatic processes (the size of Ni’* ionic radius is between those of Mg>* and
Fe**) nickel is removed from a silicate melt in the early stage during the crystallization of
olivine, pyroxenes and amphiboles. If the magma contains sulphur, nickel together with
iron are seggregated into a distinct sulphide phase characterized by the presence of
pyrrhotite and pentlandite.

Nickel's mobility is very limited during low-temperature hydrothermal processes as well as
both low- and high-grade metamorphism.

In the tropical zone, nickel contents build up in laterites.

Major nickel minerals include pentlandite, chloanthite, gersdorffite, garnierite, etc.
Nickel-containing sulphides and silicates alike break down rather readily during weather-
ing. Nickel is removed from the solution in the form of silicates or is adsorbed on hydrous
oxides of iron and manganese. In stream sediments, it occurs in oxides and silicates.
Nickel is used mainly in the steel industry, a considerbale percentage being recycled.
Environmental impacts are caused largely by industrial dust, wastes and waste waters.
Slovakia's stream sediments average 27 + 35 mgkg! Ni, with most analyses below 35
mg.kg'.

The distribution of nickel is highly indicative of sediments of the Outer Flysch belt,
Neogene volcanics as well as Tatric and Veporic granitoids.

The high and highest values ranging from 29 to 88 mg.kg' and locally even more are
associated with the source areas of claystones and sandstones of the Outer Flysch belt.
Local variations in the Ni contents are likely to result from the predominance of claystones
over sandstones (the former are richer in Ni) and from the percentage of carbonate
substance.

Anomalies of a smaller areal extent but with Ni concentrations ranging over a wide
interval are typical of source areas in the Veporicum and Gemericum. The source of Ni in
these anomalies are Paleozoic rocks and occurrences of nickel which is associated with
various types of mineralizations as well as occurrences of Cr-Ni-Co ores in sediments and
metavolcanics of the Veporicum and Gemericum.

Nickel values between 4 and 15 mgkg! are characteristic of source areas made up of
Neogene volcanics and the vast majority of the crystalline units of the core mountains.
High Ni anomalies situated in lowlands are supposedly in part man-made.

3000 - 100%
NIKEL ___ L 90%
NICKEL 2500 1 / - 0%
B, = > ] bez 99. percentilu - 70%
mg'kg ! § % 2000 / without 99?'1 percentile r 60%
52 1500 — / - 50%
Statistické parametre 8 2 1000 - 4 - 40%
Statistics Parametres o // r 30%
Aritmet. priemer 26,76 500 + r 20%
: ; - 10%
@rlthmetlc mean o ‘ ‘ ‘ ‘ ‘ ‘ 1 —|_|—|—|—.—. ‘ ‘ ‘ ‘ ‘ 0%
Standardnd OdChy”(& 35,13 o) ™ - =} ~ 1o} ™ — o ~ n ™ - o ~ o)
Standard Deviation ° ¢ ¥ 5 & R 8 ¢ ¢ H 8 T R B ¥ &
Geometr. priemer 21,93 mg.kg™
Geometr. Mean
Median 23,00
Median
Minimum 0,50 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 2049,00 0,5 16 0,07 46,9 342 94,46
Maximum 3,4 146 0,67 49,8 343 95,88
25. percentil 16,00 6,3 570 3,03 52,7 223 96,80
75. percentil 31,00 9,2 1098 7,57 55,6 165 97,49
99. percentil 88,00 12,1 1656 14,41 58,5 139 98,06
Hladina vyznamnosti (95 %) 0,44 15,0 2215 23,57 61,4 122 98,57
Confidence Level (95 %) 17,9 1562 30,03 64,3 61 98,82
20,8 2826 41,71 67,2 67 99,09
23,7 2697 52,86 70,1 56 99,33
Detekény limit 1,00 26,6 2609 63,65 73,0 38 99,48
Detection limit 29,5 2033 72,05 75,9 17 99,55
32,4 1548 78,45 78,8 31 99,68
Pocet vzoriek pod 35,3 1268 83,69 81,7 27 99,79
detekénym limitom 16 38,2 917 87,48 84,6 26 99,90
Number of samples below 41,1 744 90,56 87,5 18 99,98
detection limit 44,0 602 93,05 >87,5 6 100,00
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Fosfor (P)

(atémovd hmotnost 30,973; atdmové ¢islo 15)

Fosfor je nekovovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxida¢nom stup-
ni-3, +3, a najmd +5.

V priebehu procesov diferencidcie magmy sa fosfor koncentruje v mafickych gabroidnych
hornindch, ktoré krystalizuju v skorSich Stadidch. Spolu s prvkami vzdcnych zemin a Nb
sa vyskytuje v alkalickych hornindch a sedimentdrnych fosforitoch.

Hlavnymi minerdlmi fosforu su apatit, monazit a xenotim.

Apatit pomerne lahko zvetrdva. Mobilita fosforu v roztoku je strednd. Je sorbovany
v sedimentoch s vy$$im obsahom organickej hmoty, alebo sa zrdZa s vipnikom a Zelezom
za vzniku napr. vivianitu. Fosforit vznikd pri zrdZani fosfore¢nanu vdpenatého z morskej
vody a akumuluje sa spolu so sedimentmi a zvy§kami organizmov na ocednskom dne.
Celkovd roénd produkceia fosforu je okolo 2.103 t.rok!. PouZiva sa najmé ako hnojivo
a pridavok do Cistiacich prostriedkov.

Do Zivotného prostredia sa dostdva vo velkej miere prostrednictvom polnohospodérskych
aktivit (aplikdcia hnojiv na baze NPK), odpadovych vod a pod.

Priemerny obsah fosforu v rie¢nych sedimentoch Slovenska je 896 = 786 mg.kg.
Distribticia fosforu je poznagend pomerne velkou variabilitou, ktord je zrejme zapriCinend
aj antropogénnou dotdciou P do Zivotného prostredia. Z hladiska mozZnych prirodnych
zdrojov fosforu maju najvacsi vyznam alkalické bazalty, nemaju viak velké plosné rozsire-
nie. Ostatné neovulkanické horniny a granitoidy su najvacsim zdrojom fosforu prirodného
povodu. Na oblasti budované uvedenymi litotypmi su viazané anomdlie s koncentracnym
intervalom 1 100-3 000 mg.kg'. Kontinudlne zény s uvedenymi hodnotami su charakteri-
stické pre kryStalinikum tatrika, veporika, metamorfity gemerika a stredoslovenské
neovulkanity.

Pre sedimenty vonkajSieho flySového pdsma je obsah fosforu v rie¢nych sedimentoch po-
merne monotdnny a pohybuje sa v intervale 300-600 mg.kg.

Anomdlie s najniz§im obsahom fosforu sa vyskytujui v znosovych oblastiach tvorenych
prevazne mezozoickymi karbondtovymi horninami, ktoré ako zdroj majud velmi nizky ob-
sah P,O,, v priemere 0,04 %, o zodpovedad aj jeho koncentracii v riecnych sedimentoch.
V hlavnej miere zrejme antropogénneho povodu su vysoké a najvyssie hodnoty fosforu
v oblastiach niZin a medzihorskych depresii. Polnohospodarske aktivity st v tychto regio-
noch dominantné. Fosfor tu je plo§nym zdrojom najmi vplyvom aplikdcie NPK hnojiv.

P

Phosphorus (P)

(atomic weight 30.973; atomic number 15)

Phosphorus is a nonmetallic element naturally occurring in the oxidation states - 3, +3,
but mainly +35.

In magmatic differentiation processes, phosphorus concentrates in basic gabbroid rocks
which crystallize in the early stages. Phosphorus, along with rare-earth elements and Nb,
is found in alkali rocks and sedimentary phosphorites. Major phosphorus minerals
comprise apatite, monazite and xenotime.

Apatite breaks down readily during weathering. Phosphorus mobility in solution is
moderate. The element is adsorbed on sediments rich in organic matter or precipitates
with calcium and iron to form minerals such as vivianite. Phosphorite forms by the precip-
itation of calcium phosphate from seawater together with sediments and remains of
organisms on the sea floor.

The world annual phosphorus production is about 2 x 108 tonnes. It is used mainly as a
fertilizer and an additive to detergents.

Large amounts of phosphorus are dispersed in the environment by agriculture (applica-
tion of NPK-fertilizers), in waste waters, etc.

The average phosphorus content in Slovakia's stream sediments is 896 + 786 mg.kg.
The distribution of phosphorus is rather highly variable and presumably affected also by
man-made dispersal. The most important possible natural sources of phosphorus are
mainly alkali basalts, whose areal extent, however, is fairly limited. For this reason, the
biggest natural sources of phosphorus are the other Neogene volcanics and granitoids.
Anomalies over these lithotypes range from 1,100 to 3,000 mg.kg! P. Continuous zones
with these values are typical of the crystalline units of the Tatricum and Veporicum,
metamorphosed rocks of the Gemericum, and Central Slovakian Neovolcanics.
Phosphorus contents in stream sediments of the Outer Flysch belt are fairly monotonous,
ranging between 300 and 600 mg.kg".

Anomalies with the lowest phosphorus values are associated with source areas dominat-
ed by Mesozoic carbonates. These source rocks and the associated stream sediments
average a mere 0.04 % P,O..

The high and highest phosphorus contents in lowlands and intermontane basins are
primarily man-made, due to agriculture, first of all the application of NPK-fertilizers.

3500 - __ 100%
FOSFOR 3000 — - 90%
] - 80%
PHOSPHC_)lRUS -“o(;; L>), 2500 + — bez 99. percentilu F 38%
mg.kg 2 S 2000 - A without 99™ percentie - 602/0
Statistické parametre ST 1000 - | 3006
Statistics Parametres 500 - / - 20%
Aritmet. priemer 895,74 - 10%
Arithmetic mean e
Standardné odchylka 786,11 g ¢ 9 g ¢ g g ¢ § 9 ¢ od g w o 9
Standard Deviation ooy e 2 =2 3 3 3 2 ] ¥ & & & KA
Geometr. priemer 774,01 ma.kg™
Geometr. Mean o9
Median 700,00
Median
Minimum 50,00 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 37100,00 50,0 2 0,01 1622,8 350 94,39
Maximum 148,3 12 0,06 17211 255 95,44
25. percentil 600,00 246,6 90 0,43 1819,4 219 96,35
75. percentil 1000,00 344,9 650 3,12 1917,7 174 97,07
99. percentil 3000,00 443,2 2066 11,66 2016,0 142 97,66
Hladina vyznamnosti (95 %) 9,86 541,5 3164 24,74 2114,3 92 98,04
Confidence Level (95 %) 639,8 3394 38,77 2212,6 105 98,47
738,1 2923 50,86 2310,9 75 98,78
836,4 2517 61,26 2409,2 68 99,06
DetekcEny limit 50,00 934,7 2202 70,37 2507,5 58 99,30
Detection limit 1033,0 1563 76,83 2605,8 53 99,52
1131,3 1229 81,91 2704,1 39 99,68
Pocet vzoriek pod 1229,6 935 85,77 2802,4 27 99,79
detekénym limitom 0 1327,9 759 88,91 2900,7 30 99,92
Number of samples below 1426,2 545 91,16 2999,0 0 99,92
detection limit 1524,5 430 92,94 >2999,0 20 100,00
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Olovo (Pb)

(atomova hmotnost 207,21; atémové ¢islo 82)

Olovo je kovovy chalkofilny stopovy prvok, ktory sa v prirodnych podmienkach vyskytuje
v oxida¢nom stupni 0, +4, a najmd +2.

V priebehu magmatickych procesov v ich neskor§om §tddiu nastdva obohatenie o olovo
a vo forme rudnych mineralizécif kry$talizuje z hydrotermdlnych roztokov. Olovo nahré-
dza K a Sr, Ciastocne aj Ca, a jeho zvySeny obsah nachddzame v K Zivcoch, sluddch,
plagioklasoch a apatitoch.

Pri procesoch nizkostuptiovej metamorfézy nastdva ochudobriovanie o Pb. Tento jav bol
pozorovany v granulitoch.

V sedimentdrnych hornindch sa distribticia olova koncentruje primdrnymi detritickymi
minerdlmi (Zivec, sludy a sulfidy).

Na rozdiel od ostatnych prvkov sa ¢ast olova v prirodnych podmienkach formuje rddioak-
tivnym rozpadom urdnu a téria.

Hlavnymi minerdlmi olova st galenit, baumontit a ceruzit.

Olovo méd nizku mobilitu v priebehu procesov zvetrdvania. V pripade, ak sa dostane do
roztoku, je pomerne rychlo odstrdnené v podobe sulfidov, hydroxidov, uhli¢itanov alebo
siranov. MoZe sa aj sorbovat na hydratovanych Fe a Mn oxidoch, organickej hmote
a inych minerdloch.

Olovo je jeden zo zdkladnych kovov s vysokou svetovou tazbou. Md velmi Siroké pouZitie
v rozli¢nych odvetviach priemyslu a technickych aplikdcidch.

Jeho disperzia do Zivotného prostredia antropogénnou cestou je velkd (odpad, exhaldty
a pod.).

Priemerny obsah olova v riecnych sedimentoch Slovenska je 20 = 56 mg.kg™'. Je to hod-
nota takmer trojndsobne vy$8ia ako v kontinentdlnej ¢asti zemskej kory.

Distribucia olova v rie¢nych sedimentoch je podobnd ako pri zinku. V obidvoch pripadoch
neodrdza iba ich obsah v zdrojovych hornindch. V jednotlivych litotypoch sa priemernd
koncentrdcia olova pohybuje v rozmedzi 2-20 mg.kg™'. Z hladiska prirodnych zdrojov je
distribucia olova ovplyvnend najmai jeho vysokym obsahom v pocetnych polymetalickych
loZiskdch a vyskytoch roznych typov a Cu loZiskami, kde predstavuje hlavny prvok (oblast
stredoslovenskych neovulkanitov, Spissko-gemerského rudohoria a pod., kde prebiehala
tazba uz v stredoveku).

Anomdlie s najvy$sou koncentrdciou olova (21-113 mg.kg™!) st viazané na znosové oblas-
ti v Sirokom rozsahu povodia Vihu, Hrona, Slanej a pod., kde su sustredené mestské
a priemyselné aglomerdcie, tazba a uprava rid a pod. Antropogénny podiel olova bol do-
kdzany v oblasti Podunajskej niZiny a Stiavnickych vrchov, kde jeho industridlna koncen-
tracia je aZ 2,5-ndsobnd oproti predindustridlne;.

Nadpriemerny obsah Pb je charakteristicky aj pre znosové oblasti budované prevazne
kryStalinikom v jadrovych pohoriach Zdpadnych Karpdt, zndsobeny aj rudnou mineralizd-
ciou.

Lokdlne anomélie olova niZsie ako 11 mg.kg™ su charakteristické pre povodia v prostredi
sedimentov paleogénu a mezozoickych karbondtov.

Pb

Lead (Pb)

(atomic weight 207.21; atomic number §2)

Lead is a metallic chalcophile trace element naturally occurring in the oxidation states 0,
+4, but mainly +2.

In magmatic processes, lead becomes enriched in their later stages and subsequently
crystallizes from hydrothermal solutions in the form of ore mineralizations. Lead substi-
tutes for K and Sr, and partly also Ca, and its increased contents are found in K-feldspars,
micas, plagioclases and apatites.

Pb is depleted during low-grade metamorphism, a phenomenon noted in granites.

In sedimentary rocks, lead is concentrated in primary detrital minerals (feldspar, micas,
sulphides).

Unlike the other elements, lead in nature partly originates from radioactive decay of
uranium and thorium.

Major lead minerals include galena, baumontite and cerussite. During weathering, lead
has a low mobility. If it does enter a solution, it is quickly removed in the form of
sulphides, hydroxides, carbonates or sulphates. It may also be adsorbed on hydrous Fe
and Mn oxides, organic matter and other minerals.

Lead is a base metal. Its world production is high since it is very widely used in various
industries and technical applications. Its man-made dispersal in the environment in the
form of wastes, fumes, etc. is considerable.

Stream sediments in Slovakia average 20 + 56 mg.kg! Pb, nearly three times the average
abundance in the continental crust.

The distribution of lead in stream sediments is similar to that of zinc as both of them are
controlled not only by their concentrations in source rocks. The average lead concentra-
tions in respective lithotypes range from 2 to 20 mg.kg'. The most important natural
sources of lead comprise mainly numerous lead-rich base-metal deposits and occurrences
of various types and Cu deposits where Pb is a major element (Central Slovakian
Neovolcanics, Spissko-gemerské rudohorie where lead was mined since the Middle Ages).
The highest anomalies ranging from 21 to 113 mg.kg"! Pb are associated with source areas
in the wider area of the Véh, Hron, Sland and other basins with major towns and industri-
al centres, ore mining and processing, etc. Man-made origin of lead has been demonstrat-
ed in the Danube Lowland and Stiavnické vrchy Mts. where its industrial concentrations
exceed 2.5 times the preindustrial levels.

Pb contents above the average are also characteristic of source areas dominated by the
crystalline units of the Western Carpathian core mountains. The anomalous contents are
locally further increased by ore mineralizations.

Local anomalies below 11 mgkg' Pb are typical of drainage basins underlain by
Paleogene sediments and Mesozoic carbonates.

7000 - — 100%
OLOVO 6500 | ﬁ - 90%
LEAD 5500 + - 80%
1 e iggg ] bez 99. percentilu - 70%
mg.kg S 4000 / without 99" percentile - 60%
£ 5 3500 - - 50%
T o g 3000 4 - 40%
Statistické parametre o2 2500
Statistics Parametres oL 2000 1 [ 30%
- 20%
Aritmet. priemer 20,35 1388 ] | ; | 10%
Arithmetic mean 0 - ‘ ‘ —— i ‘ ‘ ‘ ‘ ‘ ‘ | 0%
Standardnéa odchylka 55,53 e 2 2 05 2 0L 20 oL oo 3oos
Standard Deviation - e ey 0w e ro @ ® @ 3 43
Geometr. priemer 14,19 mg.kg™
Geometr. Mean
Median 14,00
Median
Minimum 0,50 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 3178,00 0,5 224 0,93 59,7 70 98,24
Maximum 4,2 155 1,57 63,4 90 98,61
25. percentil 10,00 7,9 1958 9,67 67,1 71 98,90
75. percentil 19,00 11,6 6920 38,30 70,8 50 99,11
99. percentil 113,00 15,3 5988 63,08 74,5 59 99,35
Hladina vyznamnosti (95 %) 0,70 19,0 3309 76,77 78,2 32 99,49
Confidence Level (95 %) 22,7 1369 82,43 81,9 25 99,59
26,4 1488 88,59 85,6 16 99,66
30,1 685 91,43 89,3 20 99,74
Detekény limit 1,00 33,8 348 92.86 93,0 18 99,81
Detection limit 37,5 356 94,34 96,7 10 99,85
41,2 320 95,66 100,4 31 99,98
Pocet vzoriek pod 449 146 96,27 104,1 4 100,00
detekénym limitom 224 48,6 164 96,95 107,8 0 100,00
Number of samples below 52,3 128 97,48 111,5 0 100,00
detection limit 56,0 114 97,95 >111,5 0 100,00
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Rubidium (Rb)

(atémovd hmotnost 85,48; atomové ¢islo 37)

Rubidium je litofilny prvok, ktory patri medzi alkalické kovy. V prirodnych podmienkach
sa vyskytuje v oxida¢nom stupni + 1. Md podobné geochemické vlastnosti ako draslik a cé-
zium.

V priebehu magmatickych procesov sa rubidium koncentruje v granitoidnych hornindch
a pegmatitoch, v ktorych vytvdra az exploatovatelné zasoby.

Premenu granulitovej facie na amfibolitovu fdciu a fdciu zelenych bridlic sprevddza zvy3e-
nd koncentrdcia rubidia.

V sedimentdrnych hornindch sa rubidium koncentruje najmd v K Zivcoch, sluddch
a flovych minerdloch.

Rubidium nemd svoje vlastné minerdly. Je stopovym prvkom prakticky vo vsetkych
minerdloch draslika.

Velmi lahko podlieha procesom zvetrdvania. Oproti drasliku je rychlejSie sorbované na flo-
vé minerdly. V rie¢nych sedimentoch sa nachddza najma v K Zivcoch, sludéch a ilovych
minerdloch. ZvySeny obsah rubidia je charakteristicky pre oblasti s vyskytom granitov.
Svetovd produkcia rubidia je pomerne nizka. Ziskava sa najma pri extrakcii draselnych so-
Ii ako vedlajsi produkt. Jeho antropogénny vplyv na Zivotné prostredie je mélo vyznamny.
Priemerny obsah rubidia v rie¢nych sedimentoch Slovenska je 91 = 25 mgkg .
Distribucia rubidia je v dobrej zhode s geologickou stavbou Zdpadnych Karpadt a je po-
dobnd ako v pripade draslika, ktory md blizke geochemické vlastnosti.

Vysoky a najvyssi obsah rubidia maju sustredené anomdlie v znosovych oblastiach tvo-
renych kryStalinikom jadrovych pohori a metamorfovanymi horninami v SpiSsko-
-gemerskom rudohori. NavySe, vyskytuju sa tu greizenizované granity s najvyS$im prie-
mernym obsahom Rb, a7 302 mg.kg™'. V uvedenych anomdlidch sa obsah rubidia pohybu-
je vrozmedzi 108-162 mg kg™ a lokdlne aj viac.

V oblastiach budovanych neovulkanickymi horninami je koncentrdcia Rb v rie¢nych
sedimentoch v intervale 72-89 mg.kg' a meni sa v zdvislosti od zastipenia kyslych
a bdzickych typov zdrojovych hornin.

V znosovych oblastiach paleogénnych a neogénnych sedimentov je obsah Rb zdvisly od
podielu zastuipenia flovcov, ktoré maju vy$Siu koncentrdciu v porovnani s pieskovcami.
Anomdlie s najniz§im obsahom rubidia su charakteristické pre povodia, ktoré su tvorené
mezozoickymi karbondtovymi horninami.

Rb

Rubidium (Rb)

(atomic weight 85.48; atomic number 37)

Rubidium is a lithophile element and an alkali metal. It naturally occurs in the oxidation
state +1 and its geochemical properties resemble those of potassium and caesium.
During magmatic processes, rubidium concentrates in granitoid rocks and pegmatites,
sometimes in mineable amounts and grades. The alteration of granulite facies into
amphibolite and greenschist ones also gives rise to increased rubidium concentrations. In
sedimentary rocks, rubidium is accumulated largely in K-feldspars, micas and clay
minerals.

Rubidium does not form distinct minerals of its own, it is just a trace element in virtually
all potassium minerals.

It is released very readily in weathering processes. In comparison with potassium, it is
more readily adsorbed on clay minerals. In stream sediments, rubidium is found mainly
in K-feldspars, micas and clay minerals, increased rubidium values being typical of areas
underlain by granites.

The world production of rubidium is fairly low. It is obtained as a by-product of potassi-
um-salt extraction. Its man-made environmental impact is of little importance.

Stream sediments in Slovakia contain an average of 91 + 25 mg.kg' Rb.

The distribution of rubidium well corresponds to the geological structure of the Western
Carpathians and resembles that of potassium which has similar geochemical properties.
High and highest rubidium contents form concentrated anomalies in source arcas made
up of the crystalline units of the core mountains and metamorphosed rocks of the Spissko-
gemerské rudohorie. The anomalies are further increased by the presence of greisenized
granites which display the highest average Rb levels - as much as 302 mg.kg!. Rubidium
contents in these stream-sediment anomalies vary from 108 to 162 mgkg! and locally
even more.

In areas underlain by Neogene volcanics, Rb concentrations in stream sediments range
from 72 to 89 mg.kg! depending on the proportion of acid and basic types among their
source rocks.

In the source areas of Paleogene and Neogene sediments, Rb content is controlled by the
percentage of claystones which are richer in Rb than sandstones.

Anomalies with the lowest Rb concentrations characterize basins underlain by Mesozoic
carbonate rocks.

. 3000 - - 100%
RUBIDIUM //, 0%
RUBIDIUM 2500 1 T - - 80%

-1 %3 2000 - bez 99. percentilu | 70%

mg.kg 82 ] without 99" percentile - 60%

£ qg’_ 1500 - - 50%

Statistické parametre 82 1000 A%
e oLl - 30%

Statistics Parametres | 0%

Aritmet. priemer 90,51 500 1 | 0%

Arithmetic mean 0 : : ‘ : : : : : : : : : : = 0%

Standardnéa odchylka 24,59 ot S A = & o = 2 & . 5 p i &

Standard Deviation < 8 ey v e ® 23 3 9 3 3 8

Geometr. priemer 86,87 mg.kg™

Geometr. Mean

Median 89,00

Median

Minimum 1,50 Triedy Pocetnost’ Kumulativhe % Triedy Pocetnost’ Kumulativhe %

Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %

Maximum 246,00 1,5 2 0,01 86,3 2410 45,98

Maximum 6,8 18 0,08 91,6 2479 56,23

25. percentil 75,00 12,1 11 0,13 96,9 2107 64,94

75. percentil 104,00 17,4 29 0,25 102,2 2265 74,31

99. percentil 162,00 22,7 29 0,37 107,5 1426 80,20

Hladina vyznamnosti (95 %) 0,31 28,0 76 0,68 112,8 1142 84,92

Confidence Level (95 %) 33,3 81 1,02 118,1 1104 89,49

38,6 115 1,49 123,4 674 92,27
43,9 145 2,09 128,7 498 94,33
Detekény limit 3,00 49,2 293 3,30 134,0 457 96,22
Detection limit 54,5 460 5,20 139,3 276 97,36
59,8 700 8,10 144,6 244 98,37

Pocet vzoriek pod 65,1 1141 12,82 149,9 160 99,03

detekénym limitom 2 70,4 1331 18,32 155,2 148 99,64

Number of samples below 75,7 1726 25,45 160,5 71 99,94

detection limit 81,0 2555 36,02 >160,5 15 100,00
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Antim6n (Sb)

(atomova hmotnost 121,75; atémové ¢islo 51)

Antimén md tak kovové, ako aj nekovové chemické vlastnosti. V prirodnych podmienkach
sa vyskytuje v oxida¢nom stupni 0, +4, +5, a najmi -3 a+3. Md podobné geochemické
vlastnosti ako arzén a bizmut.

V priebehu magmatickej diferencidcie sa antimon koncentruje v hydrotermdlnych rozto-
koch a vstupuje do kryStdlovych mriezok sulfidov. Pri vyS$Sej koncentrdcii vytvdra
samostatné sulfidy. Antimén aj bizmut st dobré prospekéné vyhladdvacie prvky na zlato.
Jemnozrnné sedimenty obohatené o organicki hmotu maju zvycajne vy$si obsah antimé-
nu.

Hlavnymi minerdlmi antiménu su stibin, tetraedrit a senarmontit.

Do rie¢nych sedimentov sa antimén primdrne distribuuje v podobe sulfidickych minerdlov.
Mnohé z nich najma v kyslych podmienkach velmi rychlo zvetrdvaju a nastdva remobilizd-
cia antiménu sorpciou na flovych minerdloch a hydratovanych oxidoch Fe, Al a Mn.
Svetovd fazba antiménu nie je velkd, jeho uplatnenie je vSak Siroké. PouZiva sa ako leguju-
ca primes, v keramickej a skldrskej vyrobe, ako pigment do farbiv, v gumdrenskom priemys-
le a pod.

Vplyv kontamindcie antiménom na Zivotné prostredie nie je vylticeny.

Priemernd hodnota koncentrdcie antiménu v rie¢nych sedimentoch Slovenska je 3 = 50
mg.kg!.

Distribucia antiménu je charakteristickd tym, Ze na jednej strane 81 % hodndt je v inter-
vale do 1 mg.kg™!, a na druhej strane zvySok hodndt dosahuje a7 32 mg.kg™ a viac.

V prvom pripade je to dané nizkym obsahom antiménu v zdrojovych hornindch zno-
sovych oblasti. Priemernd koncentrécia Sb v horninovych typoch Slovenska sa vSeobecne
pohybuje v rozmedzi 0,5-1 mg.kg™" s najvys§imi hodnotami v granitoidoch, pieskovcoch
a flovcoch a najniz8imi v karbondtovych hornindch.

Vyssia koncentrdcia antiménu v intervale 1-32 mg.kg™! je v prevaznej miere podmienend
mnoZzstvom loZisk a vyskytov, v ktorych je Sb dominantny alebo sprievodny prvok.
Najvacsia anomdlia antimonu sa nachddza v Sirokej oblasti medzi Levocou, RoZiiavou
a KoSicami. V nej su Ciastkové anomdlie geogénno-antropogénneho povodu v rozsahu
5-32 mg.kg!, viazané najméa na loZiskd komplexnych sideritovo-sulfidickych riid, Cu loZis-
kd, Cu-Ni-Co rudy, kovonosné bridlice a pod.

Dalsia rozsiahla anomalia sa nachddza prakticky v celom povodi rieky Hron, v oblasti
Nizkych Tatier a v povodi Vdhu. Zdrojom antiménu su tu polymetalické loZiskd a Sb-Au
zrudnenia. Antropogénny prispevok Sb predstavuje dpraviia Sb rdd v Novej Lehote
a Dubrave. Uvedend anomdlia dokumentuje dobrti migracnu schopnost tohto prvku.
V strednom toku Hrona je dotovand zdrojmi z Au, Sb-Au a Ag polymetalickych loZisk si-
tuovanych v rudnom revire stredoslovenskych neovulkanitov.

Sb

Antimony (Sb)

(atomic weight 121.75; atomic number 51)

Antimony has both metallic and nonmetallic chemical properties. In nature it occurs in the
oxidation states 0, +4, +5, but mainly -3 and +3. Its geochemical properties are similar
to those of arsenic and bismuth.

During magmatic differentiation, antimony tends to accumulate in hydrothermal
solutions and enters crystal lattices of sulphides. When present in higher concentrations,
antimony forms distinct sulphides of its own. Antimony and bismuth are good prospect-
ing pathfinder elements for gold. Finegrained sediments rich in organic matter are usually
enriched in antimony. Major antimony minerals include stibnite, tetrahedrite and
senarmontite.

Antimony is primarily distributed into stream sediments in the form of sulphide minerals.
Many of them break down readily during weathering, particularly under acid conditions,
and antimony is remobilized by adsorption on clay minerals and hydrous Fe, Al and Mn
oxides.

The world antimony output is fairly limited, but still it is used widely as an alloying metal,
in the manufacture of dyes, in the ceramic, glass and rubber industries, etc.

An environmental impact of man-made antimony contmination cannot be ruled out.
The average antimony concentration in Slovakia's stream sediments amounts to 3 + 50
mg.kg!.

The distribution of antimony is characterized by the fact that 81 % of its values are below
1 mg.kg'and the rest sometimes attains as high as 32 mg.kg! Sb or more.

The predominant low values result from the low antimony contents in the rocks of source
areas. In general, the average Sb concentration in Slovakia's rock types varies between 0.5
and 1 mgkg!. The highest Sb values are found in granitoids, sandstones and claystones,
whereas the lowest are in carbonate rocks. .

The higher concentrations of antimony between 1 and 32 mg.kg™! are largely controlled by
scores of deposits and occurrences where antimony is either a dominant or an associated
element.

The biggest antimony anomaly lies in a wider area between the towns of Levoca, RoZiiava
and KofSice. It involves partial anomalies of a combined geogenic-man-made origin
containing 5 to 32 mgkg' Sb associated chiefly with deposits of complex siderite-
sulphide, Cu and Cu-Ni-Co ores, metalliferous schists, etc.

Another large anomaly spreads virtually throughout the Hron Basin, in the Nizke Tatry
area and in the Vdh Basin. The source of antimony here are base-metal deposits and Sb-
Au mineralizations. Man-made Sb contamination originated mainly in Sb-ore dressing
plants at Novd Lehota and Dubrava. This anomaly attests to the good migration proper-
ties of antimony. In the middle tract of the Hron basin the anomaly is further enhanced by
antimony released from Au, Sb-Au and Ag-base-metal deposits situated in the ore district
of the Central Slovakian Neovolcanics.

. 20000 § — 100%
ANTIMON 180001 | L—— L 90%
ANTIMONY 16000 - [ 80%
£ - L 0
mg.kg'l 8 LC>>‘ 1‘21888 | _bez 99. aercentilu_ | 28;;
§ GgJ_ 12888 i without 99 percentile | 582/0
Statistické parametre S £ 6000 | ;‘O;‘:
itz'ittstltis Pz.irametres — 4000 | L 20%
riitmet. priemer , 2000 - L 10%
Arithmetic mean 0 ‘ L e e ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0%
Standardna odchylka 49,56 d 848 & 88 8 8 8 § 8 & 8 ¥ 5 9 8 ¢
Standard Deviation ° « N @ ® 3 a 4 = 3 S & & & @ &
Geometr. priemer 0,63 mg.kg™
Geometr. Mean
Median 0,50
Median
Minimum 0,05 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 4880,00 0,05 105 0,43 17,33 16 99,13
Maximum 1,13 19636 81,61 18,41 25 99,23
25. percentil 0,30 2,21 2339 91,28 19,49 17 99,30
75. percentil 0,90 3,29 669 94,05 20,57 23 99,40
99. percentil 32,57 4,37 266 95,15 21,65 17 99,47
Hladina vyznamnosti (95 %) 0,62 5,45 228 96,09 22,73 12 99,52
Confidence Level (95 %) 6,53 183 96,85 23,81 10 99,56
7,61 109 97,30 24,89 12 99,61
8,69 81 97,63 25,97 26 99,71
Detekény limit 0,10 9,77 57 97,87 27,05 17 99,78
Detection limit 10,85 82 98,21 28,13 11 99,83
11,93 52 98,42 29,21 9 99,87
Pocet vzoriek pod 13,01 77 98,74 30,29 17 99,94
detekénym limitom 105 14,09 28 98,86 31,37 7 99,97
Number of samples below 15,17 26 98,97 32,45 5 99,99
detection limit 16,25 23 99,06 >32,45 3 100,00
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Selén (Se)

(atémova hmotnost 78,96; atomové ¢islo 34)

Selén je chalkofilny prvok a v prirodnych podmienkach sa vyskytuje v oxida¢nom stupni
-2, 0, +4 a +6. Jeho geochemické vlastnosti st podobné sire, ale s tym rozdielom, Ze Se
sa vyskytuje v ovela niZSej koncentrdcii. Obsah selénu v zemskej kore je v rozmedzi
0,05-0,09 mg.kg™! a je rozptyleny predovietkym v rozli¢nych sirnikoch.

V priebehu magmatickych procesov je selén najviac zastipeny v hydrotermdlnej etape, kde
vznikaju najvhodnejSie podmienky na jeho vylucovanie. Je tu pritomny v mnohych sirni-
koch, najma v molybdenite, bizmutine, chalkopyrite a pyrite. V podstate moZnosti oddelo-
vania selénu od siry a jeho vystupovanie vo vlastnych minerdloch su velmi zriedkavé.
Charakteristickd a vyznamnd je primes selénu v Cirej sire vulkanického povodu.

V sedimentdrnych hornindch je selén rozptyleny nerovnomerne. ZvySend koncentrdcia Se
je ¢asto spojend s vyskytom fosfdtov. Selén tu dosahuje obsah 1-300 mg.kg™!.

Minerdly selénu su prevazne selenidy ako napr. blockit, naummanit, claustalit, umagit,
klockmenit a iné.

Pri procesoch zvetrdvania sa vyrazne rozdeluje selén a sira. Pri zvetrdvani sirniky
prechddzaju na sirany, pricom selenidy sa oxiduju len na Se**. Ten vSak podlieha rozkla-
du za vzniku rydzeho selénu, ktory sa ndsledne sorbuje na hydratované oxidy Zeleza.
Selén nevytvdra ekonomicky taZitelné loziskd. Ziskava sa ako vedlajsi produkt pri
elektrolytickej uprave Cu, Zn a Ni rid. M4 $iroké pouZitie v elektrotechnickom priemysle,
vyrobe skla a porceldnu, farmdcii, kozmetike a pod.

Priemerny obsah selénu v rie¢nych sedimentoch Slovenska je 0,31 + 0,56 mg.kg™! (medidn
0,20 mg.kg™). Tdto hodnota je vy$sia ako jeho priemerny obsah v kontinentdlnej Casti zem-
skej kory.

Distribucia selénu v riecnych sedimentoch je podriadend podobnosti geochemickych
vlastnosti selénu a siry. Dalsim faktorom je pravdepodobne jeho antropogénna distribui-
cia do Zivotného prostredia. Z hladiska zdrojovych horninovych litotypov je obsah Se vel-
mi nizky. Priemerné hodnoty 0,27 mgkg! dosahuji flovce a sporadicky zvySend
koncentrdcia je v pieskovcoch. Lokdlnym zdrojom st najmé Cu loZiskd a Pb-Zn-Cu vysky-
ty, v ktorych je Se vedlaj$im prvkom.

Anomdlie s najvacsim koncentra¢nym rozsahom (0,40-1,50 mg.kg™") su viazané na znoso-
vé oblasti tvorené prevazne flovcami paleogénu. Lokdlne anomdlie v rovnakom intervale,
sposobené vyskytom rudnej mineralizdcie, sa nachddzajui v Stiavnickych vrchoch a sever-
nej Casti Spissko-gemerského rudohoria (centrdlna a juznd Cast je na Se deficitnd). Nad-
priemernd koncentrdcia Se je aj v Zdhorskej, Podunajskej a Vychodoslovenskej niZine.
Moz7no predpokladat, Ze v uvedenych oblastiach s intenzivnymi polnohospodérskymi
aktivitami md selén antropogénny pdvod. Prikladom antropogénneho ovplyvnenia Se je
oblast Prievidza — Handlovd — Novdky s tazbou a spalovanim hnedého uhlia.

Pomerne velkd ¢ast tizemia Slovenska je deficitnd vzhladom na selén, pretoZe je tu absen-
cia zdrojov Se primdrneho alebo sekunddrneho povodu.

Se

Selenium (Se)

(atomic weight 78.96; atomic number 34)

Selenium is a chalcophile element naturally occurring in the oxidation states -2, 0, +4 and
+6. Its geochemical properties are similar to those of sulphur, except for the fact that
selenium occurs in much lower concentrations. Selenium is mostly disseminated in a
number of sulphides and its crustal abundace varies from 0.05 to 0.09 mg.kg™".

During magmatic processes, selenium concentrates largely in the hydrothermal stage
which has the best conditions for its deposition. It is present in numerous sulphides,
primarily in molybdenite, bismuthite, chalcopyrite and pyrite. Selenium's ability to
separate from sulphur and to form distinct minerals of its own is very limited. Its presence
in native sulphur of volcanic origin is characteristic and important.

In sedimentary rocks, selenium is distributed unevenly. Increased Se concentrations
between 1 and 300 mg.kg ! are often associated with phosphate occurrences.

Selenium minerals comprise mainly selenides, such as blockite, naumanite, claustalite,
umangite, klockmannite, etc.

During weathering, selenium and sulphur diverge. Sulphides are transformed into
sulphates, whereas selenides oxidize to Se** which in turn breaks down to form native
selenium that is subsequently adsorbed on hydrous oxides of iron.

Selenium forms no economically viable deposits of its own and is obtained as a by-
product of Cu, Zn and Ni electrowinning. It is widely used in electrical, glass, chinaclay,
pharmaceutical and cosmetics industries, etc.

The average selenium content in Slovakia's stream sediments amounts to 0.31 4+ 0.56
mg.kg! (median mgkg'), more than its average abundance in the continental earth's
crust.

Selenium distribution in stream sediments is controlled by the similarity between the
geochemical properties of selenium and sulphur. Man-made distribution of selenium in
the environment is also likely to play a part. The Se values of the source rocks are very low.
Claystones contain an average of 0.27 mg.kg! Se and sporadic increased concentrations
are found also in sandstones. Their local sources include mainly Cu deposits and Pb-Zn-
Cu occurrences where Se is present as a minor element.

The highest anomalies (0.40 to 1.50 mg.kg™') are associated with source areas dominated
by Paleogene claystones. Local anomalies of equal intensity are due to ore mineralization
in the Stiavnické vrchy and northern Spissko-gemerské rudohorie Mis. (its central and
southern sections are deficient in Se). Above-average Se concentrations are found also in
the Zdhorie, Danube and East Slovakian lowlands. The selenium anomalies in these
intensively farmed regions, are presumably man-made. Man's influence is exemplified by
the Prievidza-Handlovd-Novdky area where brown coal is mined and burnt.

A fairly large part of Slovak territory is selenium-deficient due to the absence of its primary
and secondary sources.

. 6000 - _ 100%
SELEN gggg 8 L 90%
SELENIUM 2500 B - 80%
A % 3 4000 | bez 99. percentilu - 70%
mg.kg QS 3500 2 without 99" percentile - 60%
82 2500 | | 1/ o
Statistické parametre E’&’ 2000 | |/} I ‘31822
Statistics Parametres 1888 1 L 20%
Aritmet. priemer 0,31 500 | |_| L 10%
Arithmetic mean 0 : —fl_lgmclz';==¥ 0%
Standardnéa odchylka 0,56 g § § & & 8 g ¢ & 3 2 8 g & 3 8
L 1 g ! S S R ~ @ o o +9 « «§ o @9
Standard Deviation S) S o S) S) o o S) S) S) — — - - i —
Geometr. priemer 0,20 mg.kg™
Geometr. Mean
Median 0,20
Median
Minimum 0,05 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 47,50 0,050 3410 14,10 0,818 437 96,20
Maximum 0,098 0 14,10 0,866 0 96,20
25. percentil 0,10 0,146 5726 37,77 0,914 287 97,38
75. percentil 0,40 0,194 0 37,77 0,962 0 97,38
99. percentil 1,50 0,242 4948 58,23 1,010 231 98,34
Hladina vyznamnosti (95 %) 0,01 0,290 0 58,23 1,058 0 98,34
Confidence Level (95 %) 0,338 3498 72,69 1,106 131 98,88
0,386 0 72,69 1,154 0 98,88
0,434 2223 81,88 1,202 97 99,28
Detekény limit 0,10 0,482 0 81,88 1,250 0 99,28
Detection limit 0,530 1409 87,70 1,298 0 99,28
0,578 0 87,70 1,346 71 99,57
Pocet vzoriek pod 0,626 971 91,72 1,394 0 99,57
detekénym limitom 3410 0,674 0 91,72 1,442 59 99,82
Number of samples below 0,722 646 94,39 1,490 0 99,82
detection limit 0,770 0 94,39 >1,490 44 100,00
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Cin (Sn)

(atémovd hmotnost 118,69; atdmové ¢islo 50)

Cin je stopovy kovovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxidaénom
stupni 4, 0, +2, a najmi +4.

V priebehu magmatickych procesov Stvormocny cin nahrddza Ti*+ a Fe’* v akcesorickych
minerdloch ako napr. titanit, ilmenit, rutil a magnetit. Koncentruje sa v zvySkovych taveni-
ndch, pricom moZno pozorovat vyrazny vzrast jeho obsahu od bdzickych hornin ku kys-
Iym hornindm. V sedimentdrnych hornindch je obsah cinu primdrne urCovany
relevantnym zastipenim rezistentnych minerdlov, najma kasiteritu, titanitu a magnetitu.
Hlavnymi minerdlmi cinu su kasiterit a stanin.

V pripade, ak je cin pritomny vo forme oxidu - kasiteritu, ¢o je beznd podoba jeho
vystupovania v rie¢nych sedimentoch, zvetrdva velmi pomaly. Ak je sekunddrneho pdvo-
du, je viazany najmi na hydratované oxidy Zeleza a mdZe sa pomerne lahko dostdvat do
roztoku. Zvetrdvanie oboch uvedenych foriem je intenzivnejSie v kyslych, redukénych
podmienkach.

Svetovd produkcia cinu je pomerne limitovand. Cin sa pouZiva na protikoréznu ochranu
obalov v potravindrskom priemysle, chemickom, farbiarskom a gumdrenskom priemysle.
Siroké pouzitie cinu podmieiuje jeho pomerne velkii antropogénnu dotdciu do Zivotného
prostredia.

Priemerny obsah cinu v rie¢nych sedimentoch Slovenska je 3 = 9 mg.kg™.

Distribucia cinu je dominantne poznacend pomerne malymi rozdielmi jeho obsahu
v zdrojovych hornindch, kde sa priemerny obsah Sn pohybuje okolo hodnoty 2 mg.kg".
Z uvedeného sa vymykaju granity gemerika s priemernym obsahom a7 26 mg.kg™! a me-
zozoické karbondtové horniny s hodnotami niz$imi ako 1 mg.kg™'.

Najvacsia anomdlia obsahu Sn v rie¢nych sedimentoch je viazand na oblast Spissko-
-gemerského rudohoria s vyskytmi gemeridnych granitov, ktoré navyse obsahuji Sn-W-Mo
zrudnenie. Vdaka dobrej migracnej schopnosti cinu md anomdlia velky plosny rozsah
s koncentréciou 4-14 mg.kg! a lokdlne aj viac.

Anomdlie podobného rozsahu, ale ploSne menSie, si viazané na znosové oblasti
stredoslovenskych neovulkanitov, kde je cin vedlajsi prvok v porfyrovo-skarnovych me-
denych loziskdch.

Suvislé plochy s koncentréciou cinu 2 mg.kg™! a menej s typické pre znosové oblasti tvo-
rené mezozoickymi karbondtmi.

Lokdlne zvySeny obsah cinu nad priemerntd hodnotu v oblastiach niZin je spdsobeny zre;j-
me jeho antropogénnou distribuciou do Zivotného prostredia.

Sn

Tin (Sn)

(atomic weight 118.69; atomic number 50)

Tin is an oxichalcophile element naturally occurring in the oxidation states -4, 0, +2, but
mainly +4. During magmatic processes, tetravalent tin substitutes for Ti** and Fe’* in
accessory minerals such as titanite, ilmenite, rutile and magnetite. It concentrates in
residual melts, its values rising from basic to acid rocks. The tin content of sedimentary
rocks is primarily controlled by the relevant proportion of resistant minerals, mainly
cassiterite, titanite and magnetite. Major tin minerals are cassiterite and stannite.

Tin present in the form of the oxide cassiterite (which is a common case in sediments) is
very resistant to weathering. Tin of secondary origin is bound largely on hydrous oxides
of iron and may be rather easily released into solution. Both these forms of tin are more
susceptible to weathering under acid, reducing conditions.

The world tin output is fairly limited. It is used for the production of corrosion-resistant
containers in the food, chemical, dye and rubber industries. The extensive use of tin is
responsible for its considerable man-made dispersion in the environment.

Slovakia's stream sediments average 3 + 9 mg.kg"! Sn.

The distribution of tin is characterized by fairly small differences in the average contents
of source rocks which oscillate around 2 mg.kg™!. The only exception are Gemeric granites
averaging as much as 26 mg.kg' Sn and Mesozoic carbonates whose average contents are
below 1 mg.kg! Sn.

The biggest Sn anomaly is stream sediments occurs in the vicinity of Gemeric granites
with Sn-W-Mo occurrences in the Spissko-gemerské rudohorie. Thanks to tin's high
mobility, the anomaly has a large areal extent with values between 4 and 14 mg.kg™! Sn and
locally even more.

Anomalies of similar intensity but smaller areal extent are associated with source areas in
the Central Slovakian Neovolcanics where tin is a minor element in porphyry-skarn
copper deposits.

Continuous areas with tin concentrations below 2 mg.kg! are typical of source areas
underlain by Mesozoic carbonates.

Local above-average tin values in lowlands are presumably man-made.

p 10000 100%
CIN 9000 - — - 90%
TIN 8000 - 80%
mg.kg'l § ? 2888 : -bez 99. ﬁercentilu‘ : 2822
% % 5000 - /— without 99" percentile L 500
Statistické parametre g © 4000 1 - 40%
Statistics Parametres ot 30001 [ 30%
- x 2000 - - 20%
Aritmet. priemer 3,14 1000 | L 10%
Arithmetic mean 0 : : L1 DE"Z' e : — 0%
Standardna odchylka 8,87 3 & & 3 §8 8 R 8§ % ¢§¢& &8 ¥ 8 & & R
Standard Deviation e - ¢« e ¥y ¥y w0 e = ©® 2 3 g d & 3
Geometr. priemer 2,41 mg.kg™
Geometr. Mean
Median 2,00
Median
Minimum 0,50 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 734,00 0,50 415 1,72 7,54 0 97,50
Maximum 0,94 0 1,72 7,98 0 97,50
25. percentil 2,00 1,38 3713 17,07 8,42 189 98,28
75. percentil 3,00 1,82 0 17,07 8,86 0 98,28
99. percentil 14,00 2,26 9175 55,00 9,30 131 98,82
Hladina vyznamnosti (95 %) 0,11 2,70 0 55,00 9,74 0 98,82
Confidence Level (95 %) 3,14 5877 79,30 10,18 100 99,23
3,58 0 79,30 10,62 0 99,23
4,02 2417 89,29 11,06 79 99,56
DetekCny limit 1,00 4,46 0 89,29 11,50 0 99,56
Detection limit 4,90 0 89,29 11,94 0 99,56
5,34 1111 93,88 12,38 50 99,77
Pocet vzoriek pod 5,78 0 93,88 12,82 0 99,77
detekénym limitom 415 6,22 538 96,11 13,26 41 99,94
Number of samples below 6,66 0 96,11 13,70 0 99,94
detection limit 7,10 337 97,50 >13,70 15 100,00
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Stroncium (Sr)

(atémovd hmotnost 87,63; atdmové ¢islo 38)

Stroncium je litofilny prvok, ktory podobne ako berylium, hor¢ik, vépnik a barium patri do
skupiny kovov alkalickych zemin. V prirodnych podmienkach sa vyskytuje v oxida¢nom
stupni +2.

Pocas magmatickych procesov sa stroncium oddeluje v strednom stupni frakciondcie a md
tendenciu koncentrovat sa v intermedidrnych hornindch. Vo forme karbondtov a sulfdtov
sa Sr vyskytuje aj v hydrotermdlnej etape. Specidlne je koncentrované v magmatickych
karbondtovych hornindch (karbonatity). V sedimentdrnych hornindch vystupuje stronci-
um vo forme siranov a karbondtov a najvacsia koncentrdcia sa nachddza vo vdpencoch
a evaporitoch.

Pri vysokom stupni metamorfdzy je stroncium relativne imobilné. Casto sa koncentruje
spolu s Ba a Zr v granulitoch.

Hlavnymi minerdlmi stroncia su celestin a stroncianit.

V priebehu procesov zvetrdvania su prakticky vietky silikitové minerdly so zvySenym ob-
sahom stroncia rezistentné a naopak, karbondty pomerne lahko podliehaju zvetrdvaniu.
Svetovd produkcia stroncia je pomerne nizka, podobne aj jeho technicky vyznam a ko-
mercné vyuZitie. Z toho vyplyva aj nizky stupeii antropogénneho ovplyvnenia Zivotného
prostredia. Nebezpecenstvom su vSak umelé rddionuklidy stroncia produkované jadrovy-
mi elektrdriiami a nukledrnymi zbranami.

Priemerny obsah stroncia v riecnych sedimentoch Slovenska je 148 + 80 mg.kg™!, pricom
prakticky 80 % vSetkych hodnot je nizsich ako 175 mg.kg.

Distribucia stroncia v rie¢nych sedimentoch je v uzkej koreldcii s horninovym zloZenim
znosovych oblasti.

Z regiondlneho pohladu najvyssia koncentrdcia Sr v rozmedzi 229-463 mg.kg™! je viazand
na znosové oblasti budované mezozoickymi vdpencami.

V uvedenom koncentra¢nom rozsahu su anomdlie stroncia charakteristické aj pre oblasti
tvorené neovulkanitmi a kryStalinikom jadrovych pohori Zdpadnych Karpdt. V krysta-
liniku sa najvy$$i obsah vyskytuje menej Casto. Je viazany na znosové Casti povodi
s prevlddajuicimi alkalickymi bazaltmi (ako priklad moZno uviest Lucenecku kotlinu).

V regiénoch budovanych paleogénnymi a neogénnymi sedimentmi sa koncentrdcia Sr
v rie¢nych sedimentoch pohybuje v pomerne tizkom intervale 98-147 mg.kg".

NajniZs{ obsah stroncia (do 90 mg.kg™") odrdZa jeho nizke zasttipenie v zdrojovych horni-
ndch paleozoika Spissko-gemerského rudohoria.

Rozsiahla anomdlia s vysokym obsahom stroncia v oblasti Podunajskej niziny je zrejme
sposobend sekunddrnym vznikom karbondtov z prirodnych vdd, ¢o je podmienené
alkalickym charakterom najma vod povrchovych tokov.

Sr

Strontium (Sr)

(atomic weight 87.63; atomic number 38)

Strontium is a lithophile element. Like beryllium, magnesium, calcium and barium, it is an
alkali earth. In nature it is found in the oxidation state +2.

During magmatic processes, strontium separates in the middle stage of fractionation and
tends to concentrate in intermediate rocks. In the form of carbonates and sulphates,
strontium is deposited also in the hydrothermal stage, especially in carbonate rocks of
igneous origin (carbonatites). In sedimentary rocks, strontium occurs in sulphates and
carbonates, the highest concentrations being in limestones and evaporites.

In high-grade metamorphism, strontium is relatively immobile and often accumulates
together with Ba and Zr in granulites. The main strontium minerals are celestite and
strontianite.

During weathering, virtually all silicates with an increased strontium content are resistant,
whereas carbonates break down readily.

The world strontium output is fairly low, and so are its technological importance,
commercial consumption and man-made environmental contamination. Strontium
radionuclides produced in nuclear power plants and nuclear weapons, however, pose an
environmental threat.

The average strontium content of stream sediments in Slovakia amounts to 148 + 80
mg.kg!, roughly 80 % of all samples containing less than 175 mg.kg™! Sr.

The distribution of strontium in stream sediments shows a close correlation with the
composition of source areas.

The highest Sr values of regional extent ranging between 229 and 463 mg.kg! are associ-
ated with source areas underlain by Mesozoic limestones.

Strontium anomalies with similar values occur also in the Neovolcanic mountains and the
crystalline units of the Western Carpathian core mountains. The highest Sr levels in the
crystalline units are rather rare and are bound to source areas dominated by alkali basalts
(e.g. Lucenec Basin ).

In regions occupied by Paleogene and Neogene sediments, the Sr contents of stream
sediments vary within a fairly narrow range of 98 - 147 mg.kg.

The lowest stronium concentrations (up to 90 mg.kg) reflect its low contents in source
rocks in the Spissko-gemerské rudohorie.

An extensive anomaly with a high Sr content in the Danube Lowland is probably due to
the deposition of secondary carbonates from natural waters thanks to the alkaline charac-
ter of waters, notably surface water courses.

4000 - — 100%
STRONCIUM 4500 | [ 90%
STRONTIUM 2000 - = o

-1 = > bez 99. percentilu 0%
mg.kg § % 2500 1 / without 99" percentile - 60%
4 S 2000 - - 50%

Statistické parametre 3 g 1500 | / - 40%

Statistics Parametres oLl 1000 1 / - 30%

Aritmet. priemer 148,16 500 - - 20%

Arithmetic mean — i 1?%

Standardna odchylka 80,10 e

Standard Deviation - ¥y =~ g g8 &8 2 3 & 2 &8 & &5 & < g

Geometr. priemer 134,63 mg.kg™

Geometr. Mean

Median 127,00

Median

Minimum 10,00 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %

Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %

Maximum 2490,00 10 2 0,01 250 430 93,53

Maximum 25 1 0,01 265 299 94,76

25. percentil 102,00 40 23 0,11 280 233 95,72

75. percentil 170,00 55 167 0,80 295 204 96,57

99. percentil 463,00 70 547 3,06 310 157 97,22

Hladina vyznamnosti (95 %) 1,00 85 1639 9,84 325 133 97,77

Confidence Level (95 %) 100 3278 23,39 340 112 98,23

115 3987 39,87 355 90 98,60
130 3258 53,34 370 78 98,92
Detekény limit 20,00 145 2460 63,51 385 46 99,12
Detection limit 160 1999 71,78 400 50 99,32
175 1485 77,91 415 42 99,50

Pocet vzoriek pod 190 1162 82,72 430 43 99,67

detekEénym limitom 2 205 969 86,72 445 37 99,83

Number of samples below 220 698 89,61 460 33 99,96

detection limit 235 517 91,75 >460 9 100,00
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Titan (T1)

(atomova hmotnost 47,90; atémové ¢islo 22)

Titdn je kovovy litofilny stopovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxi-
da¢nom stupni +2, +3, a najmd +4.

Pocas procesov diferencidcie magmy sa titdn koncentruje pri kryStalizdcii gabroidnych
hornin v jej skorSom $tddiu. Okrem svojich typickych minerdlnych fdz sa akumuluje
v mafickych minerdloch, v ktorych nahrddza Zelezo a hlinik.

Titdn je pocas metamorfnych procesov pomerne imobilny. MoZe v§ak byt mobilizovany
a koncentrovany v amfiboloch pocas retrogrddnej metamorfozy.

V sedimentdrnych hornindch je obsah titdnu kontrolovany pritomnostou detritickych oxi-
dov, ilovych minerdlov a diagenetickych fdz, ako je napr. anatas.

Hlavnymi minerdlmi titdnu su ilmenit, rutil, anatas a titanit.

V procesoch zvetrdvania st minerdly titdnu stabilné, a preto sa v riecnych sedimentoch
vyskytuji najma vo frakcii tazkych minerdlov ako rutil, ilmenit a titanit. Titdn viazany
v Fe-Mg silikdtoch sa dostdva do roztoku, ale jeho mobilita je obmedzend sorpciou na
flovych minerdloch.

Titdn md pomerne limitovanu metalurgicku aplikdciu, okrem toho sa pouZiva najmi ako
pigment pri vyrobe farbiv.

Vzhladom na pomerne vysoku koncentrdciu v zemskej kore je jeho antropogénna distribu-
cia do Zivotného prostredia mdlo vyznamnd.

Priemerny obsah titdnu v rie¢nych sedimentoch Slovenska je 4 743 = 1 935 mg.kg™. Je to
hodnota niZia ako priemer pre kontinentdlnu ¢ast zemskej kory.

Distribticia titdnu v rie¢nych sedimentoch do velkej miery reSpektuje jeho obsah v zdro-
jovych horninovych litotypoch a je podobnd distribicii Zeleza a vanddu.

Anomdlie s najvy$§im obsahom Ti v rozpati 5 070-1 186 mg.kg™' sa vyskytuju v oblastiach
budovanych neovulkanickymi horninami, v ktorych obsah titdnu klesd od bdzickych typov
smerom ku kyslej$im typom, pricom maju prakticky najvyssi priemerny obsah tohto prv-
ku. Z tohto hladiska st anomadlie s podobnym intervalom koncentracie viazané aj na zno-
sové oblasti, tvorené najmd intermedidrnymi a bdzickymi metavulkanitmi paleozoika
(najma v Spissko-gemerskom rudohori). Tu je obsah titdnu este lokdlne zvySeny V-Mo-Cu
loZiskami a vyskytmi. Podobne je to aj v Nizkych Tatrdch, kde sa na viacerych lokalitdch
vyskytuje niklonosnd mineralizdcia.

Anomdlie v rozmedzi priemernych hodnot titdnu su charakteristické pre sedimenty von-
kajSieho flySového pdsma, kde v flovcoch aj pieskovcoch md Ti priblizne rovnaké zastipe-
nie.

Najnizsi obsah Ti v rie¢nych sedimentoch (pod 3 920 mg.kg™) je v znosovych oblastiach
budovanych mezozoickymi karbondtmi a podobne v Podunajskej a Zahorskej niZine, kde
absentuju znosové oblasti so zvy$enym obsahom titdnu.

Ti

Titanium (T1)

(atomic weight 47.90; atomic number 22)

Titanium is a metallic, lithophile trace element naturally occurring in the oxidation states
+2, 43, but mainly +4.

In the process of magmatic differentiation, titanium concentrates in the early stage during
the crystallization of gabbroid rocks. Apart from distinct minerals of its own, titanium is
enriched also in mafic minerals in which it substitutes for iron and aluminium.

Titanium is fairly immobile during metamorphic processes. Nevertheless, it can be
mobilized and concentrated in amphiboles during retrograde metamorphism.

Titanium contents in sedimentary rocks are controlled by the presence of dendritic oxides,
clay minerals and diagenetic phases such as anatase.

The main titanium minerals are ilmenite, rutile, anatase and titanite.

During weathering, titanium minerals are stable and therefore in stream sediments are
found mostly in the heavy-mineral fraction as rutile, ilmenite and titanite. Titanium from
Fe-Mg silicates enters solution, but its mobility is restricted by adsorption on clay
minerals.

In addition to a rather limited application in smelting, titanium is used mainly in the
manufacture of dyes.

Because of its fairly high crustal abundance, man-made titanium contamination of the
environment is of little importance.

The average titanium content of stream sediments in Slovakia is 4,743 + 1,935 mg.kg,
less than the average abundance in the continental earth's crust.

The distribution of titanium in stream sediments closely corresponds to its concentrations
in source lithotypes and resembles those of iron and vanadium.

The highest Ti anomalies ranging between 1,186 and 5,070 mg.kg!' occur in areas
underlain by Neogene volcanics. Their titanium values are higher than in any other rock
type in Slovakia and fall from basic to acid types. For this reason, further anomalies with
the above Ti concentrations are associated with source areas dominated by intermediate
and basic metavolcanics of Paleozoic age, notably in the Spissko-gemerské rudohorie Mts.
The titanium levels here are further enhanced in the vicinity of V-Mo-Cu deposits and
occurrences. This is the case also in the Nizke Tatry Mts. with several occurrences of nickel
mineralization.

Anomalies oscillating around the average titanium levels are characteristic of sediments of
the Outer Flysch belt where Ti contents in sandstones and claystones are roughly equal.
The lowest Ti contents in stream sediments (below 3,920 mg.kg!) have been located in
source areas made up of Mesozoic carbonates as well as in the Danube and Zdhorie
Lowlands which completely lack source areas with increased Ti contents.

4500 - r 100%
TITANIUM . 3500 - _ — - 80%
1 @ 33000 - r 70%
mg-kg e 5 2500 - - 60%
@ 32000 - [ 0%
— 0 g - 40%
Statistické parametre o E 1500 - L 30%
Statistics Parametres 1000 ~ - 20%
Aritmet. priemer 474317 500 - - 10%
Arithmetic mean 0 —= ‘ ‘ ‘ ‘ T 7 0%
v o N < O (e} o N < © Q o N < (o] o] o
Standardné odchylka 1934,86 ® s 8 5§ 9 8 8§ 8 8 g BB 0o g4 S 5 S
Standard Deviation - 4 e ¥y ¥y v e = = 2 @ 3 4 g
Geometr. priemer 44289 mg.kg™
Geometr. Mean
Median 4490,00
Median
Minimum 130,00 Triedy Poéetnost  Kumulativhe % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 58680,00 130 1 0,00 6386 786 89,55
Maximum 521 39 0,17 6777 548 91,82
25. percentil 3760,00 912 82 0,50 7168 418 93,55
75. percentil 5260,00 1303 119 1,00 7559 335 94,93
99. percentil 11867,60 1694 164 1,67 7950 270 96,05
Hladina vyznamnosti (95 %) 24,26 2085 304 2,93 8341 214 96,93
Confidence Level (95 %) 2476 512 5,05 8732 158 97,59
2867 779 8,27 9123 123 98,09
3258 1350 13,85 9514 110 98,55
Detekény limit 100,00 3649 1936 21,85 9905 88 98,91
Detection limit 4040 3081 34,59 10296 84 99,26
4431 3358 48,47 10687 48 99,46
Pocet vzoriek pod 4822 3500 62,94 11078 44 99,64
detekénym limitom 0 5213 2825 74,62 11469 43 99,82
Number of samples below 5604 1705 81,67 11860 43 100,00
detection limit 5995 1120 86,30 >11860 1 100,00
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Vanad (V)

(atomova hmotnost 50,95; atomové ¢islo)

Vandd je vyrazne litofilny prvok, ktory sa v prirodnom stave vyskytuje v oxida¢nom stupni
+2, +4, anajmi +3 a +5. Trojmocny i6n vanddu md podobné vlastnosti ako trojmocny
ion Zeleza.

V priebehu magmatickej diferencidcie sa oddeluje zo silikdtovej taveniny v skorSom Stddiu,
pri kryStalizdcii mafickych hornin. V ultrabdzickych hornindch koncentrdcia vanddu zdvi-
si od obsahu minerdlov, ako s napr. Fe-Ti-Cr oxidy a pyroxény. VSeobecne pocas meta-
morfnych procesov je vandd imobilny prvok. Obsah vanddu v sedimentdrnych horninédch
je primdrne kontrolovany vyskytom Fe oxidov, flovych minerdlov, hydratovanych oxidov Fe
a Mn a organickou hmotou. Najvyssi obsah V zo sedimentdrnych hornin maju ¢ierne brid-
lice.

Hlavnymi minerdlmi vanddu su coulsonit, vanadinit, descloizit a karnotit.

Mafické minerdly, ktoré majd vyssi obsah vanddu, pomerne lahko zvetrdvaju. V rie¢nych
sedimentoch sa vandd vyskytuje ako pomerne rezistentny (Fe oxidy, Fe-Mg silikdty) a ako
fdza sorbovand na organickej hmote, hydratovanych Fe a Mn oxidoch a ilovych minerd-
loch. Mobilita vanddu narastd v oxida¢nom prostred{ (konverzia V4* na V3+).

Celkovd svetovd produkcia vanddu je pomerne nizka. Vandd sa pouZiva najma v oceliar-
skom priemysle. Jeho antropogénna distribicia v Zivotnom prostredi je obmedzend,
s vynimkou spalovania ropnych produktov.

Priemerny obsah vanddu v rie¢nych sedimentoch Slovenska md hodnotu 75 + 37 mg.kg,
pricom priblizne 90 % vsetkych stanovenych hodnot koncentracie je do 100 mg.kg™!.
Distribucia vanddu md podobny charakter ako v pripade Zeleza, hlinika, kobaltu a titdnu,
¢o vSeobecne vyplyva z ich podobnych geochemickych vlastnosti (hlavne Fe), a najméi
sprdvania pocas procesov zvetrdvania a pri procesoch koncentrdcie v rie¢nych sedimen-
toch. Distribucia vanddu je v dobrej zhode s litoldgiou.

Plo$ne aj obsahovo najvicsie anomdlie (90-210 mg.kg™) su charakteristické pre riecne
sedimenty v znosovych oblastiach tvorenych neovulkanitmi a intermedidrnymi az bdzicky-
mi metavulkanickymi horninami paleozoika v Spi§sko-gemerskom rudohori. V podobnom
koncentratnom rozsahu je vandd zastipeny aj v niZinnych oblastiach, najmé vo Vycho-
doslovenskej niZine, kde sa akumuluje najma vplyvom zvySeného obsahu organickej hmo-
ty.

V znosovych tzemiach tvorenych paleogénnymi sedimentmi je koncentrdcia zdvisld od
podielu floveov (tvorf anomdlie s vysokymi hodnotami) a v§eobecne sa pohybuje okolo
priemernej hodnoty.

Hodnoty obsahu vanddu v riecnych sedimentoch do 45 mg.kg™! st typické pre povodia
tvorené v prevaZznej miere karbondtovymi horninami.

V

Vanadium (V)

(atomic weight 50.95; atomic number)

Vanadium is a clearly lithophile element which occurs in nature in the oxidation states +2,
+4, but mainly +3 and +35. A trivalent vanadium ion has properties similar to those of
the ion of ferric iron.

In the process of magmatic differentiation, vanadium separates from a silicate melt in the
early stage, during the crystallization of basic rocks. The concentration of vanadium in
ultrabasic rocks depends on their content of minerals like Fe-Ti-Cr oxides and pyroxenes.
In general, vanadium is immobile during metamorphic processes. The vanadium content
of sedimentary rocks is primarily controlled by the presence of iron oxides, clay minerals,
hydrous oxides of Fe and Mn as well as organic matter. Among sedimentary rocks, the
highest vanadium levels occur in black shales. The main vanadium minerals include
coulsonite, vanadinite, descloisite and carnotite.

Basic minerals, which are richer in vanadium, break down readily during weathering. In
stream sediments, vanadium occurs either in resistant minerals (Fe oxides, Fe-Mg
silicates) or in phases adsorbed on organic matter, hydrous oxides of Fe and Mn and clay
minerals. Vanadium mobility increases in an oxidizing environment (V4* is converted into
V5+).

The total world vanadium output is fairly low. The majority of vanadium is used in the
steel industry. Its man-made distribution in the environment is limited except for burning
of petroleum products.

The average vanadium content of stream sediments in Slovakia is 75 + 37 mgkg!,
approximately 90 % of the analysed samples containing less than 100 mg.kg! V.

The distribution of vanadium resembles those of iron, aluminium, cobalt and titanium
which generally have similar geochemical properties (mainly Fe), notably behaviour
during weathering and concentration in stream sediments. The vanadium distribution
closely corresponds to lithology.

The highest and most extensive anomalies (90 - 210 mg.kg!' V) characterize stream
sediments from source areas dominated by Neogene volcanics and intermediate and basic
Paleozoic metavolcanics of the Spissko-gemerské rudohorie. Anomalies with similar V
concentrations are situated also in low-lying areas, chiefly in the East Slovakian Lowland
where the element is adsorbed on abundant organic matter.

In source areas underlain by Paleogene sediments, V concentrations depend on the
proportion of claystones (which give rise to V highs) and generally oscillate around the
average level.

Vanadium values in stream sediments below 45 mg kg are typical of carbonate-dominat-
ed drainage basins.

. 5000 - 100%
VANAD 4500 - — - 90%
VANADIUM 4000 ~ - 80%
1 32 > 3500 - , - 70%
mg.kg' o 2 3000 1 bez 99. percentilu L 60%
..E 9 2500 | / without 99" percentile | 5006
> [=3 - L
Statistické parametre 3o iggg | | 3822
Statistics Parametres o 1000 1 L 20%
Aritmet. priemer 74,59 500 | = L 10%
Arithmetic mean 0 _V_. T T T T T T T L T T T T T T T T L O%
Standardna odchylka 36,39 ¢ @ 2 S e 2 3022 5 & 02 40 o4
Standard Deviation < ¥y 0 e 2o o 3 3 2 3 2 % K
Geometr. priemer 68,27 mg.kg™
Geometr. Mean
Median 70,00
Median
Minimum 2,5 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 810,00 2,5 11 0,04 112,9 393 91,95
Maximum 9,4 22 0,14 119,8 329 93,31
25. percentil 55,00 16,3 142 0,72 126,7 431 95,09
75. percentil 85,00 23,2 117 1,21 133,6 202 95,92
99. percentil 210,00 30,1 495 3,25 140,5 276 97,06
Hladina vyznamnosti (95 %) 0,46 37,0 463 517 147,4 111 97,52
Confidence Level (95 %) 43,9 897 8,88 154,3 96 97,92
50,8 2963 21,13 161,2 142 98,51
57,7 2087 29,75 168,1 53 98,73
Detekcény limit 5,00 64,6 2505 40,11 175,0 82 99,07
Detection limit 71,5 4551 58,93 181,9 46 99,26
78,4 1897 66,77 188,8 39 99,42
Pocet vzoriek pod 85,3 2802 78,35 195,7 63 99,68
detekénym limitom 11 92,2 1000 82,49 202,6 31 99,81
Number of samples below 99,1 741 85,55 209,5 28 99,92
detection limit 106,0 1154 90,32 >209,5 19 100,00
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Volfrim (W)

(atomova hmotnost 183,86; atémové ¢islo 74)

Volfrdm je litofilny kovovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxidac-
nom stupni +2, 43, +4, +5, a najmé +6. Geochemicky patri do skupiny molybdénu spo-
lu s réniom. Rozdiel v obsahu volfrdmu v rozli¢nych horninovych typoch je pomerne maly.
V priebehu procesov magmatickej diferencidcie sa volfrdm koncentruje v neskorsich eta-
pdch v hornej ¢asti zemskej kory.

Hlavnymi minerdlmi volfrdmu su scheelit a volframit.

Minerdly volfrdmu su odolné proti zvetrdvaniu a akumuluju sa spolu s ostatnymi tazkymi
minerdlmi. V rozpustnej forme sa zrdZa so Zelezom a vdpnikom, resp. tvori koloidy, ktoré
st ndsledne sorbované na flovych minerdloch alebo hydratovanych oxidoch Zeleza.
Svetovd produkcia volfrdimu je pomerne nizka. Volfrdm sa pouZiva najmi v oceliarskom
priemysle. Jeho antropogénna distribucia do Zivotného prostredia sa povaZuje za nizku.
Priemernd hodnota obsahu volfrdmu v rie¢nych sedimentoch Slovenska je 2,7 + 4 mg.kg.
Uvedend koncentrdcia je vSak skor nadhodnoteny odhad, pretoZe takmer 96% hodnot je
pod detekénym limitom, ktory je pre aplikovanu analytickid metédu S mg.kg™! a na vypo-
Cet bola pouZitd jeho polovi¢nd hodnota. Z tohto dovodu bola zostavend iba bodovd mo-
noprkovd mapa a jeho regiondlnu plo$nu distribticiu nemozno vyjadrit.

7 rozloZenia redlnej koncentrdcie volfrdmu moZzno usudit, Ze jeho obsah v horninovych
litotypoch je velmi tizky (menej ako 5 mg.kg™) a korelovat ho mozno iba s loZiskovymi
akumuldciami, resp. vyskytmi rudnej mineralizdcie.

NajkonkrétnejSia kumulovand bodovd anomdlia je viazand na W-Mo loZisko v Rochov-
ciach. Jej kontrastnost sa potvrdila aj v prirodnych voddch pri prospekénych pracach v tej-
to oblasti.

Menej kontrastny je vyskyt bodovych anomadlii v oblasti Jasenia, Dubravy a inych lokalit
so zlato-scheelitovymi vyskytmi v kryStaliniku tatrika. Tieto anomdlie sa nachddzaju aj
v kryStalickych bridliciach tatrika a veporika s vyskytmi scheelitu a kovonosnych bridlic.
Prejavy anomdlnej koncentrdcie W v rie¢nych sedimentoch do 10 mg.kg™! su viazané na
povodia s Sn-W-Mo vyskytmi v granitoch gemerika.

V oblasti stredoslovenskych neovulkanitov je zvy$eny obsah volfrdmu viazany na magneti-
tové skarny a polymetalické loZiskd v Stiavnickych vrchoch. Tu je aj predpoklad vstupu
W antropogénnou cestou do prostredia z hdld a dpravni tazenych medenych surovin. Po-
dobne mo7no uvazovat o anomdlidch s hodnotami do 10 mg.kg™!, ktoré su ststredené
okolo priemyselnych centier na Povazi, v okoli Cadce a v oblasti Bratislavy.

W

Tungsten (W)

(atomic weight 183.86; atomic number 74)

Tungsten is a lithophile metallic element naturally occurring in the oxidation states +2,
+3, +4, +5, but mainly +6.

Geochemically, tungsten along with rhenium belong to the molybdenium group.
Differences in the tungsten contents of various rock types are fairly small.

During magmatic differentiation, tungsten tends to concentrate in the later stages and in
the upper layer of the earth's crust. The main tungsten minerals are scheelite and
wolframite.

Tungsten minerals are weathering-resistant and accumulate together with the other heavy
minerals. Tungsten in a soluble form precipitates with iron and calcium or forms colloidal
particles that are subsequently adsorbed on clay minerals or hydrous oxides of iron.
Tungsten is used principally in the steel industry, but its world output is fairly low. Its man-
made distribution in the environment is considered low.

The average tungsten content of stream sediments in Slovakia is 2.7 + 4 mg.kg!. These
contents, however, are probably overestimated as nearly 96 % of analyses yielded results
below the detection limit of the analytical method used (5 mg.kg! W) and therefore in the
calculations such samples were assigned one half of the detection limit. Since data were
inadequate to express tungsten's regional areal distribution, only a point single-element
map has been compiled.

The distribution of the real concentrations of tungsten suggests that its contents in respec-
tive rock types vary within an extremely narrow interval (below 5 mg.kg! W) and can be
correlated only with occurrences of ore mineralization.

The most conspicuous cumulative point anomaly is associated with the Rochovce W-Mo
deposit. It has been confirmed also in natural waters by prospecting works in this area.
Point anomalies at Jasenie, Dubrava and in other gold-scheelite occurrences in the
crystalline unit of the Tatricum are less pronounced. Similar anomalies are situated in
crystalline schists of the Tatricum and Veporicum with occurrences of scheelite and
metalliferous schists. Anomalous W concentrations in stream sediments of up to 10
mg.kg! occur in basins with Sn-W-Mo occurrences in Gemeric granites.

Increased tungsten contents in the Central Slovakian Neovolcanics are bound to
magnetite skarns and base-metal deposits in the Stiavnické vrchy Mts. W from copper-
ore-dressing plants and dumps in this region is assumed to contaminate the environment.
Anomalies reaching up to 10 mg.kg! W in the vicinity of industrial centres and in the
Bratislava area are supposedly man-made, too.

VOLFRAM 25000 - i 100%
TUNGSTEN 20000 -
mg,kg-1 3
O c 15000 ~
T £9
Statllsycke parametre 3 = 10000 |
Statistics Parametres &I
Aritmet. priemer 2,76 5000 -
Arithmetic mean
Standardnéa odchylka 3,79 0 w w w w w w w w w e w w w 90%
Standard Deviation 9 2 B2 8 84 8 g8 & B8 8 4 ¥ g 8 3
. (o] (o] o ™ Lo N~ (o)) N < (o] (o)) i (2] O [e)]
Geometr. priemer 2,60 N ~ Py o o ) & < < < < 5 o ey ey
Geometr. Mean mg.kg—l
Median 2,50
Median
Minimum 2,50
Minimum Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Maximum 400,00 Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 2,615 23426 95,88 4,340 0 95,88
25. percentil 2,50 2,730 0 95,88 4,455 0 95,88
75. percentil 2,50 2,845 0 95,88 4,570 0 95,88
99. percentil 6,00 2,960 0 95,88 4,685 0 95,88
Hladina vyznamnosti (95 %) 0,05 3,075 0 95,88 4,800 0 95,88
Confidence Level (95 %) 3,190 0 95,88 4,915 0 95,88
3,305 0 95,88 5,030 744 98,93
3,420 0 95,88 5,145 0 98,93
Detekény limit 5,00 3,535 0 95,88 5,260 0 98,93
Detection limit 3,650 0 95,88 5,375 0 98,93
3,765 0 95,88 5,490 0 98,93
Pocet vzoriek pod 3,880 0 95,88 5,605 0 98,93
detekénym limitom 23426 3,995 0 95,88 5,720 0 98,93
Number of samples below 4,110 0 95,88 5,950 0 98,93
detection limit 4,225 0 95,88 >5,950 262 100,00
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Ytrium (Y)

(atémova hmotnost 88,9059; atémové ¢islo 39)

Ytrium je litofilny kovovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxidac-
nom stupni +3. Svojimi geochemickymi vlastnostami sa podobd na lantanoidy a vdpnik.
V konecnom S§tddiu diferencidcie magmy Y podobne ako prvky alkalickych kovov sa
koncentruje v pegmatitoch a hydrotermdlnych formdcidch. V priebehu metamorfnych pro-
cesov je ytrium pomerne imobilny prvok. V sedimentdrnych hornindch koncentrdciu Y ur-
Cuje vyskyt tazkych minerdlov, ako su zirkdn, xenotim a grandt. V niektorych pripadoch
moze byt Y v sedimentoch viazané na organické zluceniny a charakteristickd je jeho
pritomnost v karbondtoch.

Najtypickej$im minerdlom ytria je xenotim.

Pocas procesov zvetrdvania md ytrium mald mobilitu. V rie¢nych sedimentoch je pritom-
né najmi v akcesorickych minerdloch — xenotime, grandte, apatite, monazite a zirkdne,
ktoré su rezistentné proti zvetrdvaniu.

Svetovd produkcia ytria je nizka. Ytrium sa ziskava ako vedlajsi produkt pri tazbe lozisk
monazitu a zirkénu. Naj¢astejsie sa pouZiva v elektrotechnickom priemysle.
Antropogénna distribucia ytria do Zivotného prostredia sa vSeobecne povazuje za nizku.
Priemerny obsah ytria v rie¢nych sedimentoch Slovenska je 28 + 10 mg.kg™!. Vzhladom
na jeho geochemické vlastnosti sa jeho distribticia podobd na rubidium a cér. V podmien-
kach rie¢nych sedimentov je jeho distribticia podobnd hliniku vzhladom na jeho vyskyt vo
forme alumosilikdtov.

Distribucia ytria je v dobrej koreldcii s litolégiou najmd v znosovych oblastiach budo-
vanych krystalinikom jadrovych pohori, neovulkanitmi a metamorfovanymi horninami.
NajrozsiahlejSia anomadlia ytria v rozsahu 36-57 mg.kg™! je viazand na oblast SpiSsko-
-gemerského rudohoria, Nizkych Tatier a stredoslovenskych neovulkanitov.
Charakteristicky je obsah ytria v pomerne tizkom koncentra¢nom rozsahu (16-21 mg.kg™)
v povodiach budovanych mezozoickymi karbondtovymi horninami.

Vzhladom na podobné geochemické vlastnosti ytria a vdpnika mozeme dat do stivisu jeho
distribuciu v paleogénnych a neogénnych sedimentoch v zdvislosti od obsahu karbondtov.
Koncentrdcia ytria v rie¢nych sedimentoch v uvedenych znosovych oblastiach koliSe v tz-
kom rozmedzi okolo jeho priemernej hodnoty zo vSetkych vzoriek atlasu.

Y

Yttrium (Y)

(atomic weight 88.9059; atomic number 39)

Yttrium is a lithophile metallic element. It is found in nature in the oxidation state +3. Its
geochemical properties are similar to those of lanthanides and calcium.

In the final stage of magmatic differentiation, yttrium, like alkali metals, concentrates in
pegmatites and hydrothermal formations. In metamorphis processes, yttrium is rather
immobile. The Y content of sedimentary rocks is controlled by the presence of heavy
minerals like zircon, xenotime and garnet. In some cases, Y in sediments can be bound to
organic compounds and typically is present in carbonates.

The most typical yttrium mineral is xenotime.

During weathering, yttrium is fairly immobile. In stream sediments, it is found principal-
ly in accessory weathering-resistant minerals such as xenotime, garnet, apatite, monazite
and zircon.

The world yttrium production is low. It is obtained as a by-product in monazite and zircon
mining. The element is used mainly in the electrical industry.

The man-made distribution of yttrium in the environment is generally regarded as low.
Slovakia's stream sediments average 28 + 10 mg.kg!'Y. Owing to its geochemical proper-
ties, yttrium distribution is similar to those of rubidium and cerium. Yttrium distribution
in stream sediments, however, resembles that of aluminium as it is present in aluminosil-
icates.

The distribution of yttrium well correlates with lithology, notably in areas underlain by the
crystalline units of the core mountains, Neogene volcanics and metamorphosed rocks.
The most extensive yttrium anomaly ranging from 36 to 57 mg.kg'! is situated in the area
of the Spissko-gemerské rudohorie, Nizke Tatry and Central Slovakian Neovolcanics.
Yttrium concentrations in basins underlain by Mesozoic carbonates oscillate within a
narrow range between 16 and 21 mg.kg™".

Because of similarity between the geochemical properties of yttrium and calcium, the
former's distribution in Paleogene and Neogene sediments depends on the percentage of
carbonates.

The yttrium concentration in stream sediments in the above-mentioned source areas
varies within a narrow interval around the average value of all samples used in the Atlas.

. 2500 - - 100%
Ytrium - 90%
YTTRIUM 2000 - | Kﬂ, - 80%
- ] ez 99. percentilu L 2o,
mg.kg'l § ? 1500 4 // — without 99" percentile | Zgo//z
s9 A - 50%
Statistické parametre >§ g 1000 4 ;/ [ | L 40%
Statistics Parametres oL e | 30%
Aritmet. priemer 28,36 500 | - 20%
Arithmetic mean T - 10%
Standardna odchylka 10,22 0 T I B w w w w w T w T w 0%
Standard Deviation d & & o S % S S @ N o 5 g o v
. — - - N N ™ ™ ™ < < < [Te] Te]
Geometr. priemer 26,06 1
Geometr. Mean mg.kg
Median 28,00
Median
Minimum 1,5 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 175,00 15 247 1,02 30,3 2207 61,92
Maximum 3,3 59 1,26 32,1 1962 70,03
25. percentil 22,00 51 29 1,38 33,9 941 73,92
75. percentil 34,00 6,9 60 1,63 35,7 1624 80,63
99. percentil 57,00 8,7 182 2,38 37,5 1302 86,02
Hladina vyznamnosti (95 %) 0,13 10,5 265 3,48 39,3 944 89,92
Confidence Level (95 %) 12,3 345 4,91 41,1 686 92,76
14,1 541 7,14 42,9 284 93,93
15,9 335 8,53 447 413 95,64
Detekény limit 3,00 17,7 811 11,88 46,5 308 96,91
Detection limit 19,5 1103 16,44 48,3 239 97,90
21,3 1478 22,55 50,1 163 98,57
Pocet vzoriek pod 23,1 1848 30,19 51,9 77 98,89
detekénym limitom 247 24,9 1064 34,59 53,7 102 99,31
Number of samples below 26,7 2188 43,64 55,5 102 99,73
detection limit 28,5 2215 52,79 >55,5 64 100,00
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Zinok (Zn)

(atémovd hmotnost 65,38; atémové ¢islo 30)

Zinok je kovovy prvok, ktory sa v prirodnych podmienkach vyskytuje v oxida¢nom stupni +2.
Pocas procesov magmatickej diferencidcie geochemické vlastnosti zinku kontroluje
krystalizacia Fe-Mg minerdlov a sulfidov. Zinok sa dalej akumuluje v hydrotermélnych
roztokoch bohatych na prchavé ldtky a migruje do vrchnych Casti zemskej kory, kde moze
tvorit sulfidické loZiska.

Pri procesoch metamorfozy je mobilizdcia zinku limitovand nizkostupiiovou alterdciou
vulkanickych hornin.

Distribuciu zinku v sedimentdrnych hornindch primdrne kontroluje pritomnost detritic-
kych Mg-Fe silikdtov, magnezitu a flovych minerdlov. Vyznamnd je aj pritomnost oxidov
Zeleza.

Hlavnymi minerdlmi zinku su sfalerit a wurtzit, zinkit, galenit, smitsonit a hemimorfit.

V priebehu procesov zvetrdvania je hlavnym zdrojom mobilnych foriem zinku zvetrdvanie
sulfidickych minerdlov. Tento proces prebieha velmi intenzivne v oxidaénych podmien-
kach. Zinok sa v§ak pomerne rychlo z roztoku odstraiiuje najmé adsorpciou na sekunddr-
nych hydratovanych oxidoch Fe a Mn, flovych minerdloch a organickej hmote.

Zinok patri medzi zdkladné kovy so Sirokym pouzitim v rozli¢nych odvetviach priemyslu.
Do Zivotného prostredia sa rozptyluje v pomerne velkom mnoZstve prostrednictvom od-
padu (farebné pigmenty, galvanizovne, vyroba batérii a pod.) a odpadovych vod.
Priemerny obsah zinku v rie¢nych sedimentoch Slovenska je 116 + 237 mg.kg™'. Je to hod-
nota, ktord je ovela vysSia ako v kontinentdlnej Casti zemskej kory.

Distribtcia zinku je podobnd ako v pripade olova. Z hladiska porovnania jeho obsahu
v zdrojovych hornindch mo7no konstatovat, Ze jeho priemerny obsah je ovela niZsi. V jed-
notlivych horninovych typoch sa jeho priemernd koncentrdcia pohybuje v intervale 14-77
mg.kg!. Dalsim, ale lokdlnym zdrojom zinku v rie¢nych sedimentoch sti pocetné vyskyty
a loziskd, kde je bud hlavnym, alebo vedlaj$sim prvkom. Z tvaru a lokalizdcie nadprie-
mernych anomdlii Zn mozno usudit, Ze nie su podmienené geogénnymi zdrojmi, ale skor
geogénno-antropogénnymi, resp. antropogénnymi zdrojmi. To sa v niektorych oblastiach
dokdzalo aj interpretdciou jeho distribticie v povodiiovych sedimentoch.

Anomdlie zinku s hodnotami 125-700 mg.kg™! a viac st dominantne viazané na povodia
rieck Vdh, Hron, Ipel a pod., kde mozno predpokladat vyrazny antropogénny podiel Zn na
jeho celkovom obsahu.

Podobne aj lokdlne anomdlie bez vztahu ku geologickej stavbe uzemia st rozptylené a via-
zané prevaZzne na mestské a priemyselné aglomerdcie.

Suvisly pruh podpriemerného obsahu Zn, ktory by mohol zodpovedat jeho koncentrdcii
v znosovych oblastiach, mozno identifikovat v sedimentoch vychodoslovenskej ¢asti von-
kajSieho flySového pdsma a v mezozoickych karbondtoch.

Zn

Zinc (Zn)

(atomic weight 65.38; atomic number 30)

Zinc is a metallic element which occurs in nature in the oxidation state +2.

During magmatic differentiation, the geochemical properties of zinc are controlled by the
crystallization of Fe-Mg minerals and sulphides. Zinc is further reconcentrated in
hydrothermal solutions rich in volatiles and migrates into the upper layers of the earth's
crust where it may form sulphide deposits.

During metamorphic processes, zinc mobilization is limited by low-grade alteration of
volcanic rocks.

Zinc distribution in sedimentary rocks is primarily controlled by the presence of detrital
Mg-Fe silicates, magnesite and clay minerals. The presence of iron oxides plays an
important role, too.

The main zinc minerals are sphalerite, wurzite, zincite, smithsonite and hemimorphite.
During weathering, the main source of the mobile forms of zinc are sulphides which are
very susceptible to weathering under oxidizing conditions. However, zinc is quickly
removed from solution, largely by adsorption on secondary hydrous oxides of Fe and Mn,
clay minerals and organic matter.

Zinc is a base metal widely used in various industries. It is dispersed into the environment
in fairly large quantities in solid wastes (dyes, galvanizing, battery production, etc.) and
waste waters.

The average content of zinc in Slovakia's stream sediments amounts to 116 + 237 mg.kg',
much more than is the average zinc abundance in the continental crust.

Zinc distribution is similar to that of lead. The average content of zinc in source rocks is
much lower than that of stream sediments. Respective rock types contain between 14 and
77 mg.kg'! Zn. Another source of zinc in stream sediments, although of local extent, are
numerous deposits and occurrences where zinc is either a major or minor element. The
shapes and locations of above-average Zn anomalies suggest their geogenic-man-made or
purely man-made origin rather than geogenic one. This has been demonstrated in some
areas by interpreting zinc distribution in flood-plain sediments.

Zinc anomalies ranging between 125 and 700 mg.kg™' and more are mostly associated with
the Vdh, Hron, Ipel and other basins where Zn concentrations have been supposedly
increased by human activity.

Similarly, local anomalies unrelated to the geological structure of the territory are dissem-
inated and associated largely with major towns and industrial centres.

A continuous zone of below-average Zn values which could correspond to its concentra-
tions in source areas has been identified in the sediments of the Outer Flysch belt in
eastern Slovakia and in Mesozoic carbonates.

8000 - 100%
ZINOK 2000 | — // - 90%
ZINC T | o
mg_kg-l 8 & 5000 - / _bez 99. ﬁercentllu_ L 60%
‘g % 4000 | without 99™ percentile | 50%
(o
Statistické parametre 82 3000 - - 40%
Statistics Parametres 2t 2000 | ggz;"
Aritmet. priemer 115,79 1000 + ‘ ; L 100/2
Arithmetic mean 0 - i - - ‘ N —— ‘ ‘ ‘ ‘ ‘ ‘ : : : 0%
Standardna odchylka 236,47 s 2 5 02 2 9 2 o5 202 0L %oz 2022 2
Standard Deviation S o 3 8 Q& 23 8§8§ &5 F &€ 5 8 8 8 3
Geometr. priemer 87,25 mg.kg™
Geometr. Mean
Median 79,00
Median
Minimum 0,5 Triedy Poéetnost’ Kumulativne % Triedy Poéetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 21974,00 0,5 7 0,03 373,3 83 98,07
Maximum 23,8 158 0,68 396,6 44 98,25
25. percentil 60,00 47,1 2231 9,91 419,9 50 98,46
75. percentil 111,00 70,4 7183 39,60 443,2 60 98,71
99. percentil 700,00 93,7 5923 64,09 466,5 61 98,96
Hladina vyznamnosti (95 %) 2,96 117,0 3365 78,00 489,8 41 99,13
Confidence Level (95 %) 140,3 1610 84,66 513,1 36 99,28
163,6 889 88,33 536,4 23 99,38
186,9 591 90,78 559,7 32 99,51
Detekény limit 1,00 210,2 525 92,95 583,0 30 99,63
Detection limit 233,5 319 94,27 606,3 24 99,73
256,8 254 95,32 629,6 16 99,80
Pocet vzoriek pod 280,1 219 96,22 652,9 11 99,84
detekénym limitom 7 303,4 155 96,86 676,2 25 99,95
Number of samples below 326,7 120 97,36 699,5 9 99,98
detection limit 350,0 90 97,73 >699,5 4 100,00
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Zirkonium (Zr)

(atomova hmotnost 91,22; atémové ¢islo 40)

Zirkénium je kovovy litofilny prvok, ktory sa v prirodnych podmienkach vyskytuje v oxi-
da¢nom stupni +3, a najmd +4.

V procesoch diferencidcie magmy sa zirkénium akumuluje v gabrdch pri skorSom $tddiu
a v granitoch pri neskorSom $tddiu kryStalizdcie. V podobe minerdlu zirkénu predstavuje
v asocidcii s Hf, Y, Ca, Ce a s Ti, Nb, Th a U prvé produkty separdcie magmatickej tave-
niny.

Pocas intenzivnej metamorfozy prakticky v celom jej rozsahu sa zirkdnium limitovane
remobilizuje.

Vyskyt zirkonia v sedimentdrnych hornindch je prevazne zdvisly od pritomnosti detritic-
kych tazkych minerdlov ako zirkénu a titanitu. Stopové mnoZstvd autigénneho zirkénu sa
mozu vyskytovat v iflovych minerdloch.

Hlavnymi minerdlmi zirkénia su zirkdn a badeleit.

Pocas procesov zvetrdvania predstavuje zirkénium imobilny prvok, ktory prechddza len
velmi pomaly do roztoku. V rie¢nych sedimentoch sa nachddza prakticky iba v podobe
tazkych minerdlov. Z roztoku sa velmi rychlo odstrariuje sorpciou na flové minerdly v po-
(jobe Zr(OH),.

Tazi sa ako minerdlna fdza zirkén, menej ako zirkénium. PouZiva sa pri vyrobe $pecidlnych
zliatin, ako abrazivny prostriedok, v kozmetike a pod.

Antropogénnou cestou sa do Zivotného prostredia dostdva iba v minimdlnom mnoZstve.
Priemerny obsah zirkénia v rie¢nych sedimentoch Slovenska je 408 + 190 mg.kg™ (me-
didn je 392 mg.kg™"). Tdto hodnota je vysSia ako pre kontinentdlnu Cast zemskej kory a je
zrejme sposobend tym, Ze Zr md malé migra¢né schopnosti, v dosledku ¢oho sa akumulu-
je v jemnej frakcii rie¢nych sedimentov.

Distribucia zirkonia v rie¢nych sedimentoch do istej miery koreluje so zastipenim prevld-
dajiceho horninového typu v znosovej oblasti. Tento vztah moZno pozorovat najméi
v kryStaliniku jadrovych pohori, metamorfitoch paleozoika, neovulkanitoch a mezozoic-
kych karbondtoch. Pre koncentrdciu Zr (529-992 mg.kg™!) su charakteristické prvé tri hor-
ninové prostredia. Anomadlie zirkonia v rovnakom intervale su viac-menej situované aj
v znosovych oblastiach sedimentov neogénu, a hlavne paleogénu na vychodnom Sloven-
sku. Je pravdepodobné, Ze tento vysoky obsah Zr sa tu nachddza aj vdaka prevahe flovych
minerdlov najméd v prostredi flovcov vonkajsieho flySového pdsma.

Uzemia s podpriemernym obsahom zirkénu v riecnych sedimentoch st budované najma
mezozoickymi karbondtovymi horninami. NajniZSia koncentrdcia Zr, do 200 mg.kg™, je
charakteristickd pre pomerne velké tizemie Podunajskej niziny a jej sz. vybezkov, kde sa
prakticky ani v jej okoli nevyskytuju zdrojové horniny.

Zr

Zirconium (Zr)

(atomic weight 91.22; atomic number 40)

Zirconium is a metallic lithophile element which occurs in nature in the oxidation state
+3, but mainly +4.

In the processes of magmatic differentiation, zirconium is enriched in gabbros in the early
stage and in granites in the late stage of crystallization. In the form of the mineral zircon
associated with Hf, Y, Ca, Ce as well as Ti, Nb, Th and U it represents the first products
of magmatic-melt separation.

During high-grade metamorphism, virtually throughout its range, zirconium is remobi-
lized to a limited extent.

Zirconium occurrences in sedimentary rocks depend principally on the presence of detrital
heavy minerals such as zircon and titanite. Traces of authigenic zircon may occur in clay
minerals.

Major zirconium minerals comprise zircon and baddeleyite.

During weathering, zirconium is an immobile element which passes into solution only very
slowly. In stream sediments it is found virtually only in heavy minerals. It is extremely
readily removed from solution by adsorption on clay minerals in the form of Zr(OH),.

It is mined mainly as the mineral zircon, to a lesser extent as zirconium. The element is
used in the production of special alloys, as an abrasive, in the cosmetics industry, etc.
Only minimum amounts of man-made Zr are released into the environment.

The average zirconium content of stream sediments in Slovakia is 408 + 190 mgkg!
(median 392 mg.kg! Zr). These values exceed the average zirconium abundance in the
continental earth's crust presumably due to zirconium's limited mobility and its accumu-
lation in the fine fraction of stream sediments.

Zirconium distribution in stream sediments partly reflects prevailing rock types in the
source area. This relationship is obvious mainly in the crystalline units of the core
mountains, metamorphosed Paleozoic rocks, Neogene volcanics and Mesozoic carbon-
ates. Levels between 529 and 992 mg.kg'! Zr are typical of the first three rock environ-
ments. Zirconium anomalies of equal intensity are more or less found also in source areas
of Neogene, but mainly Paleogene sediments in eastern Slovakia. Among the possible
sources of these anomalies is the predominance of clay minerals, mainly in claystones of
the Outer Flysch belt.

Areas with below-average zirconium contents in stream sediments are dominated by
Mesozoic carbonates. The lowest Zr concentrations, largely below 200 mg.kg!, charac-
terize a fairly large area in the Danube Lowland and its northwestern extensions which
along with adjacent areas are virtually devoid of Zr source rocks.

. 2500 - 100%
ZIRKON L 90%
ZIRCONIUM 2000 - — | - 80%
£ - 70%
mg.kg™ 0 ? 1500 - ] //_ - 60%
_ £ ‘é’_ // - 50%
Statistické parametre '8 © 1000 ~ | - 40%
Statistics Parametres ol »Z - 30%
Aritmet. priemer 407,91 500 1 i igz"
Arithmetic mean 0 ‘ ‘ S ‘ ‘ ‘ ‘ s I S ‘ 70%0
Standardna odchylka 189,86 1 0 0 0 0 0 ) 0 0 0 0 ) 0 0 0 )
Standard Deviation s 8 8 8 8 g 8 & 8 8 o8 8 8 & 3
Geometr. priemer 364,8 mg kg'l
Geometr. Mean '
Median 392,00
Median
Minimum 1,5 Triedy Pocetnost’ Kumulativne % Triedy Pocetnost’ Kumulativne %
Minimum Classes Frequency Cumulative % Classes Frequency Cumulative %
Maximum 4518,00 15 17 0.07 529,5 1331 80.87
Maximum 34,5 59 0.31 562,5 1100 85.42
25. percentil 292,00 67,5 144 0.91 595,5 886 89.08
75. percentil 498,00 100,5 262 1.99 628,5 691 91.94
99. percentil 992,69 133,5 429 3.77 661,5 510 94.05
Hladina vyznamnosti (95 %) 2,38 166,5 739 6.82 694,5 373 95.59
Confidence Level (95 %) 199,5 845 10.31 727,5 267 96.69
232,5 1035 14.59 760,5 222 97.61
265,5 1276 19.87 793,5 163 98.28
Detekény limit 3,00 298,5 1648 26.68 826,5 118 98.77
Detection limit 331,5 1931 34.67 859,5 90 99.14
364,5 2122 43.44 892,5 67 99.42
Pocet vzoriek pod 17 397,5 2069 51.99 925,5 71 99.71
detekénym limitom 430,5 2074 60.57 958,5 34 99.85
Number of samples below 463,5 1908 68.45 991,5 32 99.99
detection limit 496,5 1672 75.37 >991,5 3 100.00
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PODAKOVANIE

Na Slovensku, podobne ako v§ade inde na svete, zdujem o Zivotné prostredie vyrazne
nardstol v poslednych 10-20 rokoch. Vdaka tejto skuto¢nosti, no taktieZ vdaka
pochopeniu a podpore Ministerstva Zivotného prostredia Slovenskej republiky
prostrednictvom Sekcie geoldgie a ochrany prirodnych zdrojov bolo mozné realizovat
jednotlivé projekty edicie Geochemického atlasu Slovenskej republiky. Cast VI —
Rie¢ne sedimenty predstavuje posledny diel volnej edicie Geochemickych atlasov
Slovenskej republiky. Na tomto mieste si dovolujeme podakovat vSetkym, ktori sa
zasluzili o realizdciu tohto diela. Dakujeme za pochopenie a podporu pracovnikom
Odboru geologickych faktorov Zivotného prostredia Geologickej sekcie MZP SR,
najmi L. Andorovi a M. Curlikovej. Vdaku a uznanie si zashizi K. Vrana, ktory bol
inicidtorom a v rokoch 1991-1995 aj koordindtorom projektov Geochemickych
atlasov Slovenska. Terénne prdce a odber vzoriek riadil spociatku V. Potanc¢ok, neskor
S. Pramuka. Okrem Geologickej sluzby SR a do roku 1995 jej zakladajticich organiza-
cif (GP Spisska Novd Ves a GUDS Bratislava) sa na nich podielalo viacero organizd-
cif, najma pracovnici a $tudenti Prirodovedeckej fakulty UK. Uprava vzoriek a
chemické analyzy sa realizovali najméa v laboratériu v SpiSskej Novej Vsi. Vdaka za
zabezpecenie rozsiahleho a vysoko odborne vykonaného mnoZstva laboratérnych
prac patri vedicej laboratéria H. Mjartanovej a desiatkam chemikov analytikov.
Menovite si dovolujeme uviest L. Finduru, P. Lucivjanskeho, J. Novdkovu, L.
Pencdkovii, H. Stasovii a H. Soltysovii.

Za pomoc a spoluprdcu pri kontrole a dprave bdzy udajov, no taktieZ za pomoc pri
matematicko-$tatistickom spracovani udajov, tvorbe mdp, obrdzkov a grafov si
dovolujeme podakovat Z. Repcokovej, V. Cveckovej, I. Slaninkovi a J. Kordikovi. Za
externt kontrolu a audit laboratérnych prdc patri podakovanie Z. Hladkému, J.
Lesnému, D. Kanianskému, K. LopaSovskému, D. Kordikovi a M. Klincekove;.
Dovolujeme si podakovat aj recenzentovi T. Pacesovi za konstruktivnu kritiku.

Na zdver chceme eSte raz vyslovit podakovanie vSetkym kolegom a spolupracovnikom
uvedenym menovite a taktieZ vietkym, ktorych mend neuvddzame, ale ktorf prispeli k
vzniku a kompletizdcii tejto préce.
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V rokoch 1991-1999 realizovala Geologickd sluzba Slovenskej republiky rozsiahle
geochemické mapovanie jemnej frakcie rie¢nych sedimentov z celého tzemia
Slovenskej republiky. Odobralo sa priblizne 25 000 vzoriek (roky 1991-1995) pri
Statistickej hustote 1 vzorka na 2 km?. Vzorky sa susili pri 40 °C a sitovali na frakciu
pod 0,125 mm. Analyzoval sa celkovy obsah nasledujtcich 35 prvkov: As, B, Ba, Be,
Bi, Ce, Cd, Co, Cr, Cu, Ga, Hg, Li, Mo, Ni, P, Rb, Sb, Se, Sn, Sr, V, W, Y, Zn, Zr, Pb,
Ti, Mn, Al, Ca, Fe, K, Mg, Na.

Vyisledky geochemického mapovania st podané formou monoprvkovych a bodovych
mdp v mierke 1 : 1 000 000, vyjadrujicich distribuciu jednotlivych prvkov. Dand je
charakteristika priemerného obsahu sledovanych prvkov v rie¢nych sedimentoch pre
hlavné typy geologického prostredia znosovych oblasti. Pre kazdy prvok su uvedené
jeho zdkladné geochemické vlastnosti s dorazom na jeho sprdvanie v geologickom
procese a je opisand jeho distribicia na Slovensku. Uvddzame aj medicinsko-
-geochemické zhodnotenie sledovanych prvkov s dorazom na toxické fazké kovy.
Zaoberdme sa podiclom geogénneho a antropogénneho vstupu toxickych prvkov do
rie¢nych sedimentov a v rdmci regiondlneho geochemického hodnotenia je vyjadrené
aj mapovou formou ohodnotenie stupfia kontamindcie rie¢nych sedimentov
Slovenska toxickymi kovmi.

Rie¢ne sedimenty su prostredim, v ktorom prebicha podstatnd ¢ast samocistiacich
procesov v prirodnych voddch. Pravdepodobne sa v nich do¢asne zachytdvaju a viazu
prvky a chemické ldtky, a to tak geogénneho, ako aj antropogénneho povodu. Tym je
podmieneny ich environmentdlny vyznam ako najdoleZitejSicho dlhodobého indikd-
tora stupria znecCistenia abiotickej zloZky Zivotného prostredia, ktory len v obmedzenej
miere odrdZza ndhodné a krdtkodobé vplyvy. Prezentované vysledky geochemického
mapovania rie¢nych sedimentov Slovenskej republiky poddvajui charakteristiku
sic¢asného stavu zneCistenia abiotickej zlozZky Zivotného prostredia uzemia a su
jednym zo zdkladnych predpokladov hodnotenia vplyvu prirodného prostredia na
biotu a Zivot ¢loveka.
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Between 1991 and 1999, the Slovak Geological Survey carried out an extensive
geochemical mapping of stream-sediment fine fraction throughout Slovak territory.
Approximately 25,000 samples were collected (in 1991 - 1995) giving a statistical
density of 1 sample per 2 km? The samples were dried at 40°C and sieved to the
minus 0.125 mm fraction. They were analysed for the total contents of the following
35 elements: As, B, Ba, Be, Bi, Ce, Cd, Co, Cr, Cu, Ga, Hg, Li, Mo, Ni, P, Rb, Sb, Se,
Sn, St, V, W, Y, Zn, Zr, Pb, Ti, Mn, Al, Ca, Fe, K, Mg and Na.

The results of the geochemical mapping are presented in the form of single-element
and point maps at a scale of 1 : 1,000,000 expressing the distribution of the respec-
tive elements. The average contents of the analysed elements in stream sediments in
the main types of geological source areas are characterized. Each element's distribu-
tion in Slovakia and its basic geochemical properties are described highlighting its
behaviour in geological processes. The analysed elements are also assessed from a
medicinal-geochemical point of view with special attention paid to toxic heavy metals.
The Atlas also deals with the proportions of toxic elements of geogenic and man-
made origin entering stream sediments, the degree of stream sediment contamination
with toxic metals being expressed in maps.

Stream sediments are an environment in which the majority of the self-purifi-
cation processes of natural waters takes place. They scavenge, probably temporarily,
elements and chemical substances of both geogenic and man-made origin. Hence
their environmental role as the most important long-term indicator of the contami-
nation of the abiotic (nonliving) part of the environment little influenced by erratic
and ephemeral effects. The presented results of the geochemical mapping of
Slovakia's stream sediments characterise the current state of the contamination of the
abiotic part of the environment and are one of the basic preconditions to assessing
the effect of the environment on human life and biota.
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