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PREDSLOV

Ochrana Zivotného prostredia sa stala naliehavym celosvetovym problé-
mom. Nie je to in4¢ ani na Slovensku, kde sa s hospodarskym vyvojom
v poslednych desatrociach postupne zhorSovalo Zivotné prostredie. V niek-
torych slovenskych regionoch vznikli z tohto hladiska az krizové situacie.
Sucasna spolo¢nost stoji preto pred ulohou komplexne riesit problematiku
ochrany zivotného prostredia, aby sa v ¢o nakratSom case dosiahla ekolo-
gicka rovnovaha a aby sa pri predpokladanom dynamickom rozvoji ekono-
miky racionalne vyuzivali prirodné zdroje krajiny.

NenahraditeI'nu ulohu pri rieSeni problémov Zivotného prostredia plni geo-
l6gia. Vyplyva to z toho, Ze prirodné prostredie ako subsystém Zivotného
prostredia je v rozhodujucej miere determinované geologickym prostredim.
Pritom prirodné prostredie tvori hmotnu podstatu, rdmec ostatnych sub-
systémov Zivotného prostredia, t. j. technickych, ekonomickych a social-
nych faktorov. Geologicky vyskum a prieskum svojimi vysledkami vzdy,
¢i uz priamo alebo nepriamo, vplyval i na stav poznatkov o Zivotnom prost-
redi na uzemi Slovenska. Preto je nevyhnutné, aby sa na rieSenie najaktual-
nejSich 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 subornej podobe a forme.

S tymto cielom Geologicky ustav Dionyza Stura v Bratislave spolu s dal§imi
geologickymi a prirodovedne orientovanymi inStituciami predloZzili roku
1990 projekt Vyskum geologickych faktorov Zivotného prostredia. Komplex-
nost tohto projektu utvara podmienky, aby sa geologické poznatky mohli
ovela plnSie uplatnit pri ochrane Zivotného prostredia na Slovensku. V ram-
ci projektu sa uskuto¢nilo geochemické mapovanie nasho uzemia s cielom
zistit distribuciu obsahov chemickych prvkov v hlavnych zlozkach ZzZivot-
ného prostredia - v horninach, podach, rie¢nych sedimentoch, podzemnych
vodach, lesnej biomase - a zaroven regionalne charakterizovat radioakti-
vitu na uzemi Slovenskej republiky.

Predkladané dielo, zamerané na prirodnu radioaktivitu hornin, je Stvrtou
Castou subornej edicie Geochemicky atlas Slovenska, ktoru z poverenia
Ministerstva zivotného prostredia Slovenskej republiky vydava Geologicka
sluzba Slovenskej republiky. Dal$ie ¢asti edicie su zamerané na podzemné
vody, rieéne sedimenty, pody, lesnu biomasu a chemické zloZenie hlavnych
horninovych typov z celého uzemia Slovenskej republiky. Subornym die-
lom Geochemicky atlas Slovenska slovenska geologia poskytuje nevyhnutné
podklady objektivneho hodnotenia kvalitativnych parametrov Statneho uze-
mia, a tym aj vychodiska racionalneho rozhodovania v oblasti ekologickej
politiky Slovenskej republiky. Ministerstvo Zivotného prostredia Slovenske;j
republiky, ktoré prostrednictvom svojej Sekcie geoldgie a prirodnych zdro-
jov zabezpecCuje pre tuto politiku vSetky nevyhnutné poznatky o geologic-
kej stavbe, surovinach, vodach a ostatnych geologickych faktoroch pri-
rodného prostredia, vydanim Geochemického atlasu Slovenska vyznamne
prispeje k objektivhemu posudeniu stupna znecistenia hlavnych zloZiek
Zivotného prostredia, o ma mimoriadny vyznam aj v kontexte zahranic-
nych vztahov Slovenskej republiky.

Chcem podakovat rieSitelskému kolektivu Geologickej sluzby Slovenskej
republiky i kooperujucim organizaciam za kvalitni pracu, ktorej vysoka
odborna uroven umozni Slovensku zaradif sa medzi najvyspelejsie krajiny,
pokial ide o poznavanie geologického prostredia uzemia Statu. V mene
ministerstva zaroven vyslovujem presvedcenie, Ze toto dielo sa v sfére eko-
logie a environmentalistiky plne vyuZije na prospech ob¢anov Slovenskej
republiky. Geochemicky atlas Slovenska je aj vyznamnym vkladom naSej
republiky k pripravovanému Geochemickému atlasu Eurdpy, ktory je jednym
z cielov Medzindrodného geologického korelacného programu (1GCP)
€. 360 Global Geochemical Baselines, v §irSom kontexte zameraného na
poznanie geochemickych a geochemicko-environmentalnych ¢it jednotli-
vych kontinentov Zeme.

FOREWORD

The environmental protection has become an urgent global problem. This
is very similar also in Slovakia, where in the last decades the environment
subsequently deteriorated due to economic progress. From this point of
view even critical situations in some Slovak regions originated. Therefore,
the present-day society has to solve the task of environmental protection in
a complex way, in order to reach the ecological equilibrium in the shortest
possible time and in order to use the natural resources of the country
reasonably, assuming dynamic evolution of the economy.

Geology has an irreplaceable function in the solution of environmental pro-
blems. It results from the fact, that the natural environment as an environ-
mental subsystem is predominantly influenced by the geological environ-
ment. And the natural environment forms a basis, a framework of other
environmental subsystems, that means technical, economic and social fac-
tors. Geological survey and exploration with their results have ever, direct-
ly or not, influenced also the state of the environmental information at the
territory of Slovakia. Therefore it is necessary to focus a complex geologi-
cal project on the solution of the most actual problems of the environmen-
tal control and protection, in order to use both, older and more recent
information about the state of geological environment, and, in order to sub-
mit the results of this effort to the public in a complete shape and form.
Following this aim, in the year 1990, Dionyz Stur Institute of Geology
together with other geological and natural sciences oriented institutions,
submitted the project Research of the Geological Factors of the Environment.
The complexity of this project forms conditions for much better use of geo-
logical information in the environmental protection in Slovakia. As a part
of the project, the geological mapping of our regions was performed, with
the aim to determine the distribution of the chemical elements in the main
environmental components - rocks, soil, stream sediments, ground waters,
forest biomass - and simultaneously to characterise the radioactivity at the
territory of Slovak Republic.

The submitted work, focused on natural rock radioactivity, is the fourth part
of the Geochemical Atlas of Slovakia summary edition, which was published
by Geological Survey of Slovak Republic under the supervision of the na-
tional Ministry of the Environment. Next parts of the edition are focused on
ground waters, stream sediments, soils, forest biomass and main rock types
at the territory of Slovak Republic. With the integrated work Geochemical
Atlas of Slovakia, provide the Slovak geology necessary foundations for ob-
jective evaluation of qualitative parameters of the state territory, and by this
way also the bases for reasonable decisions in the Slovak environmental poli-
cy. Section of Geology and Natural Resources under the Ministry of the En-
vironment of the Slovak Republic provides all necessary information about
the geological structure, raw materials, waters and other geologic environ-
mental factors for the above policy. The publishing of the Geochemical Atlas
of Slovakia will significantly contribute to the objective evaluation of the main
environmental components contamination degree, which is extremely impor-
tant also in the context of foreign relations of Slovak Republic.

I would like to thank the realisation team at the Geological Survey of Slo-
vak Republic and the cooperating organisations for their excellent work.
The high professional level of this work permits Slovakia to enter the group
of most advanced countries, concerning the knowledge of geological envi-
ronment of the state territory. In behalf of the Ministry I simultaneously
express my persuasion, that this work will be utilized in the fields of ecology
and environmentalism for the benefit of the citizens of Slovak republic.
Geochemical Atlas of Slovakia is also an important contribution of our re-
public to the prepared Geochemical Atlas of Europe, one of the goals of the
International Geological Correlation Program (IGCP) no. 360 Global Geo-
chemical Baselines, within the more general context focused on getting the
deeper knowledge of geochemical and geochemical-environmental features
of particular continents of the World.

o ek

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

Jednym zo zakladnych principov urcujucich pravidla hospodarskeho vyvoja
v najvyspelejSich krajinach sveta je princip trvale udrzateIného hospodar-
skeho a ekonomického rozvoja, integrovany s ochranou Zivotného prostredia.
Vychadza sa tu z poznania, zZe vztah Cloveka k prirodnému prostrediu sa
v poslednom obdobi dostal do krizového stavu a Ze sucasna ekologicka kriza
ma globalny celosvetovy charakter. Preto treba obnovif rovnovahu medzi
Clovekom a zivotnym prostredim. Jednou z podmienok tejto obnovy je dok-
ladné poznanie Zivotného prostredia a charakterizovanie jeho stavu.
Problematika Zivotného prostredia je Siroka a zlozita. Zasahuje do vSetkych ob-
lasti Iudskej ¢innosti. Pritom si v8ak treba uvedomit, Ze zakladom udrZania Zi-
vota v prirode je udrZanie rovnovazneho stavu v prirodnom prostredi. Prirodné
prostredie sa preto poklada za zakladné a na poznatkoch o nom sa buduje dalsi
environmentalny program tykajuci sa technickej, ekonomickej a socialnej sféry.
Z tohto predpokladu vychadza aj projekt Vyskum geologickych faktorov Zivot-
ného prostredia (1991—1995).Tento projekt bol zamerany na najaktual-
nejSie problémy tvorby a ochrany Zivotného prostredia na uzemi Slovenskej
republiky vo vzfahu k jeho hlavnym zlozkam — horninam, podam, rieCnym
sedimentom, podzemnym a povrchovym vodam, lesnej biomase a prirodnej
radioaktivite. Vysledkom plnenia tejto ulohy je subor geochemickych atla-
sov Slovenskej republiky v mierke 1:1000000.

V sucasnosti sa vo svete venuje vel'ka pozornost problematike ochrany oby-
vatelstva pred uc¢inkami radioaktivneho Ziarenia. PretoZe rozhodujuci po-
diel na celkovom oziareni obyvatelstva ma prirodné Ziarenie, je prirodnej
radioaktivite hornin a vod, ale aj problematike radonového rizika venovana
samostatna, Stvrta ¢ast subornej edicie Geochemicky atlas Slovenska.
Cielom tohto atlasu je poskytnut ucelenu a nazornu informaciu o prirodnej
radioaktivite vo vSetkych jej najdoélezitejSich zlozkach. Tato informacia je
urcena Sirokému okruhu odbornikov, ale aj verejnosti. Ministerstvo Zivot-
ného prostredia Slovenskej republiky tymto atlasom poskytuje podklady na
objektivne zhodnotenie prirodnej radioaktivity ako jedného z geofaktorov
zivotného prostredia. Dielo ma prehibit poznavanie v tomto odbore, ale za-
roven ma dat i podnety na zamyslenie sa nad u¢inkami radioaktivity na ¢lo-
veka. V poslednom obdobi, najmi vSak po ekologickej katastrofe ¢erno-
bylskej atbmovej elektrarne, sa Coraz CastejSie objavuje heslo: ,,Neexistuje
nijaka dokazateIne neSkodna davka zZiarenia®“.

Otazky radioaktivity teda nemozZno precenovat ani podcenovat. Je to jeden
z rizikovych faktorov Zivotného prostredia. Poznanie jej zakonitosti a stavu
prispeje k moznosti u¢innej ochrany pred tymto druhom zivotného rizika.
Vyslovujem pevné presvedcenie, Zze predkladané dielo sa uplatni vo sfére
odborného poznavania, ale aj v environmentalnej politike.

Zaroven vyslovujem podakovanie vSetkym, ktori sa na rieSeni problematiky
prirodnej radioaktivity zucastiovali. Stvrty zvazok Geochemického atlasu
Slovenska je vyznamnym vkladom do pripravovaného Geochemického atlasu
Eurdpy.

FOREWORD

One of the main rules controlling economic growth of the world’s most
developed nations is the principle of permanently sustainable economic
growth, i.e. the integration of environmental protection and economic de-
velopment. This philosophy results from the knowledge that man’s attitude
to natural environment has recently been inappropriate and the current
ecologic crisis has a global, worldwide character. The balance between man
and environment must therefore be restored. One of the preconditions to
this restoration is a thorough knowledge of the environment and characte-
rization of its state.

The environmental concerns involve a wide and complex array of issues
affecting all areas of human activities. One must keep in mind that an
essential precondition to life in nature is preserving a balanced state of the
environment. That is why the natural environment must be viewed as
a basis on which to build further environmental programmes concerning
technical, economic and social elements.

The project Research of Geologic Environmental Factors (1991—-1995) is
also based on this assumption. The project was aimed at resolving the most
topical concerns regarding the principal components of Slovakia’s envi-
ronment, namely rocks, soils, alluvial deposits, ground and surface waters,
forest biomass and natural radioactivity. The project has resulted in a seri-
es of geochemical atlases of the Slovak Republic at scale 1:1000000.

At present, much attention is paid worldwide to protecting humans from nuclear
radiation. The predominant source of total irradiation of humans is natural ra-
diation, hence the natural radioactivity of rocks and waters as well as radon-rela-
ted hazards are described in Part 4 of the Geochemical Atlas of Slovakia.

This Atlas is aimed to provide a compehensive and easy-to-understand
information about natural radioactivity and all its major components. This
information is intended for a wide spectrum of experts and the public alike.
Thereby the Slovak Environment Ministry provides basic data needed for
an objective assessment of one of environmental geofactors — natural ra-
dioactivity. The goal is to boost the knowledge of this subject but also to
make people think about the effects of radioactivity on them. The slogan
,No level of radiation is demonstratedly harmless” is increasingly popular,
particularly after the Chernobyl nuclear disaster.

The radioactivity issue should therefore be neither overestimated nor un-
derestimated, but it has to be known adequately as one of environmental
hazards. The knowledge of characteristics and state of natural radioactivity
will facilitate effective protection from it.

I firmly believe that the submitted work will become a useful tool of envi-
ronmental policy and specialized research.

At the same time I am grateful to all those who participated in the research
of natural radioactivity. Volume 4 of the Geochemical Atlas of Slovakia is
an important part of the Geochemical Atlas of Europe which is currently
being prepared.

Ing. Jozef Daniel
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Poznatky o radioaktivite hornin, vod a ovzdusSia sa v dejinach prirodnych
vied viazu na pomerne kratky ¢asovy usek, v podstate len na posledné dve
storoCia. Uran vSak ludstvo vyuZivalo ovela skor, nez bol objaveny ako
prvok. Uranové rudy sa pouZzivali na farbenie skla uz v antike, ako pri-
rodné farbivo sluzil povodnym obyvatefom Ameriky. Skodlivy vplyv
uranu a najméa produktu jeho rozpadu — radénu na zdravie je znamy uz
od stredoveku. Uz v 16. storo¢i Georgius Agricola vo svojom diele Dva-
ndst knih o banictve a hutnictve opisal zvlastnu chorobu banikov v Krus-
nych horach (Jachymov, Schneeberg), ktoru nazyva ,banicka choroba®,
¢o je vlastne rakovina pluc. Banici dobyvajuci striebornu rudu v Krus-
nych horach zacali uranovu rudu nazyvat ,pechblende“, smolny kamen
(smolinec), pretoZe tam, kde sa objavil tento nerast, nastal v rudnych zi-
lach ubytok tfazeného kovu — striebra.

Predmetom vedeckého zaujmu sa stal urdn roku 1789,ked nemecky che-
mik Martin-Heinrich Klaproth objavil ZIty kysli¢nik uranu a prvok nazval
podla planéty Uran, objavenej roku 1781.

Kovovy uran sa v chemicky ¢istej podobe podarilo ziskat roku 1841 fran-
cuzskemu chemikovi Eugéne Melchiorovi Peligotovi. Koncom roku 1895
objavil Wilhelm Conrad Rontgen Iuce X (rontgenové Ziarenie) a v uzkej
nadvaznosti na to zaCiatkom roku 1896 Henri Becquerel radioaktivne Zia-
renie uranu. Manzelia Curieovci objavili v decembri 1898 radium a roku
1910vyrobili z jachymovského smolinca (uraninitu) kovové radium. Roz-
hodujuci vyznam pre moderné vyuZitie urdnu, a tym pre rozvoj tazby ura-
novych rud, mal objav Otta Hahna — Stiepenie jadra atomu (1939). Od
tohto okamihu, ked sa ukazala realna moznost uvolfiovania skrytej energie
z atdmového jadra, sustredil sa vyskumny zaujem najskor, Zial', nie na mie-
rové vyuZzitie tejto moznosti, ale na vojenské ucely. Objav Stiepenia jadra
uranu podnietil doslova explozivny rozvoj celosvetového prieskumu a tazby
radioaktivnych rud. Dejiny radiolégie pred 1. svetovou vojnou zahinaju
Studium ionizanych schopnosti Ziarenia, jeho spravanie v elektrickom
a magnetickom poli, skimanie absorpcie a rozptylu Ziarenia pri prechode
hmotou, objavy a ziskavanie novych radioaktivnych prvkov, odhalovanie
podstaty a zakonov radioaktivnych premien rozpadovych radov, ale aj
poznanie biologickych ucinkov Ziarenia.

Geologicky prieskum a tazba uranu na uzemi Slovenska po 2. svetovej
vojne suviseli najma so strategickymi ciel'mi. Prvé vyhladavanie uranovych
rud na uzemi Slovenska uskuto¢novala od roku 1947tzv. Revizni skupina
Jachymovskych dold. ZvySena pozornost sa pri tom venovala radiomet-
rickym reviznym pracam v pristupnych banskych dielach prieskumnych
a tazobnych organizacii na Slovensku. Ich cielom bolo vyhladanie, ohod-
notenie a fazba uranovych rud. Prace pokracovali s menSimi prestavkami
az do roku 1960, ked vznikol Uranovy prieskum so sidlom v SpiSskej
Novej Vsi (sucast Ceskoslovenského uranového priemyslu), ktory robil
systematicky prieskum uranovych rad na uzemi Slovenska. Uranovy
prieskum, §. p. sa 1. juna 1991 pretransformoval na samostatny slovensky
Statny podnik URANPRES a od 1. maja 1994na URANPRES, spol. sr. 0.,
SpiSska Nova Ves.

Vyhladavania a prieskum uranu sa vykonavali vo vSetkych geologickych
jednotkach Zapadnych Karpat. Praca sa sustredila najma na kryStalinikum
jadrovych pohori, permsky utvar celého uizemia Slovenska, neovulkanické
pohoria, ale aj na terciérne panvy.

Vysledky tejto ¢innosti, takisto vysledky Geofyziky, S. p., Brno a dalSich
geologickych organizacii su zakladnym vychodiskom rieSenia tloh suvisia-
cich s geofaktormi Zivotného prostredia, v tomto pripade prirodnou radio-
aktivitou.

Geologicky ustav Dionyza Stura v Bratislave spracoval roku 1990projekt
Vyskum geologickych faktorov Zivotného prostredia (VRANA et al., 1991).
Sucastou tohto projektu je aj vyskum prirodnej radioaktivity hornin a vod,
ktory s ohladom na dlhoro¢nu skusenost v tejto oblasti vykonaval
URANPRES Spisska Nova Ves. Cielom prac bolo zostavenie map prirod-
nej radioaktivity v jej jednotlivych najdolezitejSich zlozkach, a to v mierke
1:200000z uzemia celého Slovenska a na vybranych plochach v mierke
1:50000.Sucasne sa realizovala uloha Odvodend mapa radénového rizika
v mierke 1:200000.Su to prvé prace, ktoré¢ skimaju prirodnu radioakti-
vitu na Slovensku vo vSetkych jej zlozkach. Iniciovanim rieSenia tychto
uloh Ministerstvo Zivotného prostredia Slovenskej republiky zaplnilo me-
dzeru, ktora v oblasti vyskumu prirodnej radioaktivity existovala. Vsetky
tieto, ale aj dalSie prace su zakladom zostavenia samostatného Atlasu pri-
rodnej radioaktivity Slovenska.

INTRODUCTION

The research of rock, water and atmospheric radioactivity has been done
over a fairly short period of time (actually only in the last two centuries)
in the long history of natural sciences. Nevertheless, uranium was used
a long time before it was identified as an element. Uranium ores were ap-
plied to dye glass in antiquity and the original inhabitants of America used
them as a natural dye as well. Noxious effects of uranium, but mainly its
daughter — radon on health have been known since the Middle Ages. As
early as the 16th century, G. Agricola in his 12 books on mining, smelting
and extraction of silver described a strange disease of miners in the
Krusné hory (Erzgebirge) Mountains (Jachymov, Schneeberg). The illness
to which he refers as ,miners disease“ actually is lung cancer. Miners
extracting silver ores in the Krusné hory called uranium ore Pechblende —
pitch stone — pitchblende because the occurrence of pitchblende on ore
veins meant less silver.

Uranium was not studied by scienticts until 1789 when German chemist
Martin-Heinrich Klaproth discovered a yellow uranium oxide which he
named after the planet Uranius discovered shortly before.

Chemically pure metallic uranium was extracted by French chemist M.
Peligot in 1841.W. C. Réntgen discovered X rays at the end of 1895and
consequently H. Becquerel uranium radioactivity in the beginning of 1896.
The Curries identified radium in December 1898 and extracted metallic
radium from Joachimstal pitchblende (uraninite) in 1910.0. Hahn’s dis-
covery of nuclear fission (1939) was of prime importance for modern exploi-
tation and hence also mining of uranium ores. Since a real possibility to re-
lease the energy of atomic nucleus was demonstrated, most efforts did not
concentrate on harnessing it for peaceful purposes but, sadly, on finding mi-
litary applications. The discovery of nuclear fission triggered a literaly
breathtaking boom in worldwide exploraion and mining of uranium ores.
The history of radiology prior to World War I includes study of ionizing pro-
perties of X-rays, their behaviour in electric and magnetic fields, their absor-
bability and dispersion by materials, discovery and extraction of further radi-
oactive elements, defining the laws of radioactive decay, determining decay
series, and recognition of biological effects of the radiation.

Uranium exploration and mining in Slovakia after World War II were
prompted by strategic objectives. The first prospecting for uranium ores in
Slovakia by a so-called Investigative team of Jachymov Mines dates back to
1947.Most attention was paid to radiometric investigations in accessible
mine workings, both exploratory and production ones. This survey was
aimed at locating, appraising and mining of uranium ores. It continued
with short breaks until 1960when the company Uranovy prieskum (Ura-
nium Survey) was established as a subsidiary of Ceskoslovensky uranovy
priemysel (Czechoslovak Uranium Industry). The Spisska Nova Ves-based
subsidiary was entrusted with systematic exploration of uranium ores
throughout Slovakia’s territory.

The state company Uranovy prieskum was transformed into the separate
state company URANPRES on June 1, 1991,and into URANPRES Ltd.
on May 1, 1994,

All geologic units of the Western Carpathians were explored for uranium,
but most exploratory works were done in crystalline massifs of core moun-
tains, Permian throughout Slovakia Neogene volcanic mountains and Ter-
tiary basins.

All these works along with investigations made by Geofyzika (Geophy-
sics) Brno and other geologic companies provided basic information for
later projects focused on environmental geofactors including natural
radioactivity.

In 1990, the Dionyz Stur Institute of Geology submitted the project
Research of Environmental Geofactors (VRANA et al., 1991).It comprised
also research of rock and water natural radioactivity which, because of its
long experience with radioactivity issues, was investigated by URANPRES.
The research resulted in maps of natural radioactivity in nature’s most sig-
nificant components. All Slovakia is depicted at scale 1:200000and se-
lected areas at 1:50000.Project Derived Map of Radon Hazards at scale
1:200000was carried out at the same time. This was the first project to
study all components of natural radioactivity in Slovakia. By initiating
these projects the Slovak Environment Ministry filled a gap which had
previously existed in this field.

All above-mentioned projects as well as other research and exploratory
works were used to compile the separate Atlas of Natural Radioactivity in
Slovakia.



1. PRIRODNA RADIOAKTIVITA

Prirodna radioaktivita je neoddelitelnou sucastou Zivotného prostredia. Cela
biosféra, a teda aj ¢lovek, sa uz od svojho vzniku nachadza v poli prirodného
radioaktivneho Ziarenia. Radioaktivnu zataz vyvolavaju v biosfére dva zdroje:
mimozemské (kozmické) a pozemské (terestrialne) Ziarenie. V tomto storoci
k pozemskému ziareniu pribudla aj zlozka umelej radioaktivity, ktora aktivi-
zoval Clovek (jadrové pokusy, atdbmové elektrarne, radioterapeutické zariade-
nia v medicine a pod.).

Podla charakteru vplyvu na Cloveka mdzeme zdroje Ziarenia rozdelif na
vonkajSie a vnutorné. K vonkajSiemu Ziareniu patri kozmické Ziarenie, ra-
dioaktivne zZiarenie zemskej kory, hydrosféry a atmosféry; k vnutornému
Ziareniu oziarenie z radionuklidov nachadzajucich sa v ludskom organizme
a radionuklidov vstupujucich do organizmu prijmom potravy (ingesciou)
a vdychovanim (inhalaciou). Roku 19883pecialna komisia OSN (UNSCEAR)
uviedla prehlad hlavnych zdrojov Ziarenia a zhodnotenie ich prispevku
k oziareniu populacie (obr. 1 znazornuje zakladné rozdelenie hlavnych
zdrojov Ziarenia). Celkové priemerné ro¢né efektivne davkové ekvivalenty
z prirodnych zdrojov Ziarenia su zhrnuté v tabul'ke 1.

1. NATURAL RADIOACTIVITY

Natural radioactivity is an inseparable constituent of the environment.
Ever since its formation, the entire biosphere including humans is exposed
to natural radiation. Radiation in the biosphere comes from two sources:
extraterrestrial (cosmic) and terrestrial. Man-made radioactivity (nuclear
tests, nuclear power plants, medical instruments, etc.) has appeared as late
as this century.

As to the character of the impact on humans, radiation sources can be divi-
ded into outer and inner ones. The former comprise cosmic radiation, nuc-
lear radiation of the earth’s crust, hydrosphere and atmosphere, while the
latter include radiation from radionuclides in human body and radionucli-
des ingested as food or inhaled.

In 1988, a special UN commission (UNSCESAR) summarized major
radiation sources and their respective shares in human irradiation. The
major radiation sources are given in Fig. 1. Total average annual effec-
tive dose equivalents from natural radiation sources are summarized in
Tab. 1.

CELKOVE PRIEMERNE ROCNE EFEKTIVNE DAVKOVE EKVIVALENTY TAB. 1 TOTAL AVERAGE ANNUAL EFFECTIVE DOSE EQUIVALENTS FROM
Z PRIRODNYCH ZDROJOV ZIARENIA (PODIA UNSCEAR 1988) NATURAL RADIATION SOURCES (FROM UNSCEAR 1988)
Oziarenie / Irradiation
Zdroj ziarenia / Radiation source Vonkajsie / Outer Vnuatorné / Inner Spolu / Total
mSv % mSv % mSv %
Kozmické Ziarenie / Cosmic radiation 0,410 16,9 0,015 0,6 0,425 17,5
Pozemskeé Ziarenie — zakladné radionuklidy:
Terrestrial radiation — basic radionuclides:
K-40 0,150 6,2 0,180 7,4 0,330 13,6
U-238 0,100 4,2 1,239 51,0 1,339 55,1
Th-232 0,160 6,5 0,176 7,2 0,336 13,8
Spolu / Total 0,820 33,8 1,610 66,2 2,430 100,0
Obr. 1 Fig. 1
Zakladné rozdelenie hlavnych 1. 20,20 % Basic breakdown of major irra-
... . _ o . _ o
zdrojov Ziarenia (3 mSv= 100 %) 8. 47,00 o, diation sources (3 mSv = 100 %)
1 - oZiarenie v zdravotnickych 1 - irradiation from health
zariadeniach services
e ) 2. 0,20 % o
2 - oZiarenie z inych zdrojov 2 - irradiation from other sources
3 - oziarenie zo Zeme 3 - irradiation from the earth
4 - oZiarenie z jadrovych 4 - jrradiation from nuclear
elektrarni power plants
1)
5 - oZiarenie z vesmiru 3. 13’80 /o 5 - irradiation from the universe
6 - oZiarenie z telesnych tkaniv 6 - irradiation from body tissues
7 - oziarenie na pracovisku 7 - occupation irradiation
8 - ozZiarenie z radénu 8 - irradiation from radon
4. 00,03 %
5.12,00 %
7. 0,07 % i
6. 6,70 %

1.1. Fyzikalne zaklady radioaktivity a jadrové ziarenie

Na lepSie pochopenie vyznamu radioaktivity v Zivotnom prostredi si treba
pripomenut zakladné poznatky o stavbe hmoty.

Stavba hmoty

Atoémy prvkov sa skladaju z jadra a elektronového obalu. Jadro tvoria
protony a neutroény. Jeho polomer je radovo 10 m, polomer atomu je

1.1. Physical Principles of Radioactivity and Nuclear Radiation

To better understand the role of radioactivity in the environment, basic
knowledge of the structure of matter must be reminded.

Structure of Matter

Atoms of elements consist of a nucleus and orbiting electrons. The nucleus
is composed of protons and neutrons. Its radius is approximately 10° m,



radovo 10 m. Elektrony v elektronovom obale sa pohybuju na sférach
oznaCovanych K, L, M, N, O, P, Q, pricom sféra K je k jadru najbliZsie.
Nukleény (protony a neutrony) maju hmotnost 1,67.10°" kg, elektrony
9,11.10* kg. Protony nesu kladny elementarny naboj, elektrony zaporny
a neutréony su bez naboja.

Izotopy (nuklidy) prvkov sa oznacuju symbolom *X, kde X je chemicky
symbol prvku. Index A je hmotnostné Cislo prvku, ktoré vyjadruje pocet
nukleénov v jadre prvku.

Rdadioaktivny rozpad

Jadra atomov niektorych prvkov sa vplyvom posobenia externého Ziarenia
alebo v dosledku vnutornej nestability premienaju (rozpadaju). Tuto pre-
menu sprevadza emisia Castic alebo energie, ktoru nazyvame radioaktiv-
nym Ziarenim.

V prirode je znamych viac ako 230 typov nuklidov, ktoré su radioaktivne.
Okrem nich existuje mnozstvo umelych radionuklidov, ktoré vznikaju za
umelo vyvolanych podmienok. Rozpadom radioaktivnych prvkov vznika
alfa, beta a gama Ziarenie.

Prirodné radionuklidy sa delia na skupinu vytvarajucu rozpadové rady a na
radionuklidy, ktorych prvé produkty rozpadu su stabilné. Radioaktivne roz-
padové rady sa nazyvaju podla materského prvku: uranovy rad (z nuklidu
2381), aktinouranovy rad (z nuklidu ?**U) a tériovy rad (z nuklidu ?*2Th). Sta-
bilnymi prvkami tychto radov st izotopy olova (**Pb, ?Pb a ?®Pb). Radio-
aktivne rozpadové rady spolu s polasom rozpadu, t. j. s asovym intervalom,
za ktory sa rozpadne polovica mnozZstva radionuklidu, si znazornené na obr. 3. Do
druhej skupiny prirodnych radionuklidov patria “°K, *Ca, 8'Rb, *Zr, *’Sm a iné.
S ohladom na ich vyskyt v horninach je z nich najdolezitejsi draslik.

Radioaktivny rozpad prebieha podla vzorca:
N, =Ng.e™,

kde N, = pdvodny pocet atbmov na zaciatku pozorovania
N, = pocet atomov po uplynuti Casu t
e = zaklad prirodzenych logaritmov
A =rozpadova konstanta prvku
t = Cas trvania premeny prvku

Radioaktivne Ziarenie

Podla typu Castic a podla ich spravania sa v elektrickom a magnetickom
poli rozliSujeme niekol'ko druhov radioaktivneho Ziarenia. Energia Ziarenia
je pre kazdy radionuklid charakteristicka.

Ziarenie alfa vznika pri alfa-rozpade a mozno ho charakterizovat ako emi-
siu atdbmovych jadier hélia (dva protony a dva neutrony). Toto Ziarenie ma
silné ionizacné ucinky, pri prechode hmotou teda vytvara velky pocet
ionovych parov a ma malu prenikavost. Castice alfa na energetickej hladi-
ne E,<10MeV maju priemernu dizku doletu vo vzduchu do 10cm a v pev-
nej latke 0,01 mm.

Ziarenie beta vznika pri beta-rozpade, ked' su emitovanymi ¢asticami elek-
trony. Pri energetickej urovni E, = 1 MeV maju Castice dolet vo vzduchu
do 3,9m, vo vode 4,38mm a v hornine do 10 mm. Spektrum energii Cas-
tic Ziarenia beta je spojité.

that of the whole atom is about 10*° m. Electrons orbit on spheres desig-
nated K, L, M, N, O, P and Q, with K being the closest to the nucleus.
Nucleons (protons and neutrons) have a mass of 1.67x10% kg and elec-
trons 9.11x 10, Protons carry a positive elementary charge, electrons are
charged negatively, while neutrons have no charge.

Elemental isotopes are designated “X where X is the element’s chemical
symbol. Index A marks the element’s mass number which is equal to the
number of nucleons in the element’s nucleus.

Radioactive Decay

Atomic nuclei of some elements change (decay) due to external radiation
or internal instability. This change gives rise to the emission of particles
of energy which is referred to as nuclear radiation.

More than 230radioactive atomic nuclei have been identified in nature. In
addition, a number of man-made radionuclides exist which form under arti-
ficial conditions. Decay of natural radioactive elements gives rise to alpha,
beta and gamma radiation.

Natural radionuclides fall into two categories: 1. radionuclides forming de-
cay series and 2. radionuclides whose decay products are stable. Radioactive
decay series are named for their parent element: uranium series (from nuc-
lide #*®U), actinouranium series (from nuclide #*°U) and thorium series
(from nuclide ?®?Th). Stable elements of these series are lead isotopes (*°°Pb,
207pp, 2%8pb), Radioactive decay series and decay half-lives, i.e. time interval
when a half of the radionuclide mass decays, are shown in Fig. 3. Natural
radionuclides include “°K, “Ca, 8'Rb, %°Zr, *’Sm and others. Of these,
potassium is the most widespread in rocks.

Radioactive decay is expressed by the formula below:
N, = Ny.e™,

where N, = original number of atoms at the beginning of observations
N, = number of atoms after time t
e = base of natural logarithms
A = decay constant of the element
t = duration of element decay

Nuclear radiation

Several kinds of radioactivity have been distinguished as to the type of par-
ticles and their behaviour in electric and magnetic fields. Each radionuclide
is characterized by its radiation energy.

Alpha radiation is emitted by alpha decay and can be described as an emis-
sion of atomic nuclei of helium (two protons and two neutrons). This radi-
ation causes strong ionization (a number of ion pairs is created as alpha
rays pass through a matter) and poorly penetrates into matter. Particles on
energetical level E, <10 MeV fly on average up to 10 cm in air and 0.01
mm in a solid substance.

Beta radiation consists of emitted electrons and is caused by beta decay. Par-
ticles on energetical level E, = 1 MeV fly up to 3.9m in air, 4.38mm in water
and up to 10 mm in rock. Energetic spectrum of beta particles is continuous.
Gamma radiation (gamma activity) are electromagnetic waves related to
radioactive decay. It causes fairly weak ionization, and its range on energetic

Obr. 2 Fig. 2
Schematické znazornenie prieni- A scheme illustrating how
ku réznych typov radioaktivneho nuclear radiation of various
Ziarenia hmotou [0 . kinds penetrates through matter
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Ziarenim gama (gamaaktivitou) sa nazyva elektromagnetické vinenie, ktoré
sprevadza radioaktivnu premenu. M4 relativne malé ioniza¢né ucinky a pri
energetickej hladine E <2,6 MeV ma dolet vo vzduchu do 700 m, v hor-
nine do 0,5m. Pokles energie gamakvant pri prechode hmotou je funkciou
ich energetickej hladiny a zloZenia prekazky.

Neutronové Ziarenie je emisiou neutronov. Pri prelete hmotou nastava
interakcia s atdbmami hmoty. Typ a intenzita tejto interakcie zavisi od ener-
gie neutronu a od protonového ¢isla atdbmov hmoty. Ked'ze neutrénové Zia-
renie nie je charakteristické pre prirodné radionuklidy, nebudeme ho bliz-
§ie rozoberat.

Prestup Ziarenia alfa, beta, gama a neutrénového Ziarenia hmotou je zna-
zorneny na obr. 2.

1.2. Kozmické ziarenie

Specifickym typom radioaktivneho Ziarenia je kozmické Ziarenie. Je to
vysokoenergeticky tok atémovych jadier lahkych prvkov, ktory prenika do
atmosféry Zeme z vesmiru. Tvoria ho predovSetkym protony. Toto Ziarenie
sa nazyva primarnym kozmickym Ziarenim a delime ho na galaktické (po-
chadzajuce z nasej galaxie) a solarne (slnec¢né). Okrem primarneho koz-
mického Ziarenia existuje aj kozmické Ziarenie sekundarne, vznikajuce inte-
rakciou primarneho kozmického Ziarenia so zloZkami atmosféry, pri Com
vznikaju vSetky dnes zname elementarne cCastice.

Hustota toku castic kozmického Ziarenia zavisi od mnohych vonkajSich
Cinitelov. V prvom rade ide o vplyv zemského magnetického pola, ktoré
sposobuje, Ze na rovniku prenika kozmické Ziarenie na zemsky povrch
v mensej miere ako na poloch. Dalsim vyznamnym vplyvom je nadmorska
vySka, s ktorou suvisi objemova hmotnost vzduchu. Do vysky 20 km inten-
zita ucinkov rastie, od tejto vySky je konstantna resp. klesa.

Hodnoty davkového prikonu z kozmického Ziarenia na uzemi Slovenska su
v rozmedzi 38 (Streda nad Bodrogom) az 92 nGy.h™* (Lomnicky §tit). Pre
priemerné nadmorské vysky osidleni od 100do 1000m n. m. platia hod-
noty od 38,4do 54,1nGy.h™.

1.3. Prirodné radioaktivne prvky v horninach

Podstatnu Cast radioaktivity hornin podmienuje z viac ako 230 prirodnych
nuklidov pritomnost radionuklidov draslika (“°K), uranu (**®U) a téria
(**2Th), ktoré su prvkami litofilnymi.
Uran a térium vytvaraju prirodné radioaktivne rozpadové rady, ktorych ¢leny su
nestabilné a vystupuju ako zdroje radioaktivneho Ziarenia. Doélezitym Clenom
uvedenych rozpadovych radov je plynny prvok radon. Vzhladom na radiacnu
zataz obyvatelstva sa radon poklada za najzavaznejsi zdroj prirodného Ziarenia.
Preto su jeho vlastnosti opisané v samostatnej kapitole 1.4.tohto atlasu.
Uran a térium vystupuju spolo¢ne v mnohych mineraloch, a spolu s ¢lenmi
svojich rozpadovych radov (obr. 3) rozhoduju o radioaktivite mineralov
a hornin. V prirode su zname tri izotopy uranu, a to 23U, 2*°U a 2%¥U, ktoré¢
st zastupené v pomere 0,005% : 0,715 % : 99,28 %zotop 23¥U je zaklad-
nym ¢lenom uranovo-radiového rozpadového radu, ktorého jednym z Cle-
nov je i 23*U. Tento rad sa koné&i stabilnym ¢&lenom 2°°Pb. Izotop 2*°U je
prvym ¢lenom uranovo-aktiniového radu. Poslednym jeho ¢lenom je 2°7Pb.
Tériovy rad je odvodeny od svojho prvého ¢lena, ktorym je 232Th. Konéi sa
stabilnym ¢lenom izotopom olova °®Pb.
Radioaktivitu draslika, ktory sa v prirode hojne vyskytuje, tvori radio-
aktivny izotop draslika *°K, ktory je v prirodnej zmesi draslika zastupeny
len 0,012 %.
Pol¢asy rozpadov zakladnych radionuklidov hornin su:

— 238y 4,51.10 rokov

— 22Th  1,4.10° rokov

40K 1,3.10 rokov

Tieto pol¢asy rozpadu je moZné porovnavat s vekom zeme, t. j. 4,5.10 ro-
kov (MATOLIN, 1994).
V zemskej kore maju jednotlivé radioaktivne prvky takéto zastipenie:

uran 2—-3ppm

torium  8—-12ppm

draslik 2,5%.

Radioaktivne prvky su hlavnym zdrojom radioaktivneho Ziarenia hornin.
Uran sa v horninach nachadza v troch formach. Jednak tvori samostatné
mineraly, jednak je izomorfne primieSany v horninotvornych mineraloch
a napokon sa vyskytuje v rozptylenej forme.

level E,<2.6MeV is up to 700m in air and up to 0.5m in rock. A drop in
gammaquantum energy as it penetrates through a substance is controlled by
the gammaquantum energetic level and the composition of the substance.
Neutron radiation is a neutron emission. While penetrating into a substan-
ce, the radiation interacts with its atoms. The type and intensity of the
interaction depend on the neutron energy and proton number of the sub-
stance’s atoms. As neutron radiation is not typically furnished by natural
radionuclides, it will not be dealt with in more detail.

The penetration of alpha, beta, gamma and neutron radiations into matter
is illustrated in Fig. 2.

1.2. Cosmic Radiation

Cosmic radiation is a special type of nuclear radiation. This highly energe-
tic radiation comes into the earth’s atmosphere from the universe. It is
a flow of atomic nuclei of light elements with high energy, mainly protons.
This radiation is referred to as primary cosmic radiation. It can be divided
into galactic (originating in our Galaxy) and solar (from the Sun). Aside
from the primary cosmic radiation, secondary cosmic radiation exists, too.
It is caused by the interaction between the primary one and the atmosphe-
re which gives rise to the all now known elementary particles.

The flow density of cosmic radiation particles is controlled by a multitude
of outer phenomena. The most significant of them is the effect of the
earth’s magnetic field, because of which more cosmic radiation reaches the
earth’s surface on the poles than on the equator. Another major control is
the altitude which in turn controls specific gravity of air. The effects increase
with the increasing altitude until as high as 20 km and then they become
constant or even decline.

Cosmic radiation dose rate in Slovakia in altitudes between 100 and
1000 m varies from 38.4 to 54.1 nGy.hr. The lowest values occur at
Streda nad Bodrogom (38)and the highest on the summit of Mt. Lomnicky
§tit (92 nGy.hr™).

1.3. Natural Radioactive Elements in Rocks

Out of 230natural radionuclides, the most important ones include the litho-
phile elements potassium (*°K), uranium (**®U) and thorium (***Th) which
furnish most of rock radioactivity.
Uranium and thorium create natural radioactive decay series whose members
are unstable and hence radioactive. The gaseous element radon is an impor-
tant member of the above decay series. It is considered the most important
source of natural irradiation of humans and therefore its properties are desc-
ribed in the separate chapter 1.4. of this Atlas.
Uranium and thorium jointly occur in numerous minerals and, along with their
daugthers (Fig. 3), decisively control mineral and rock radioactivity. Three ura-
nium isotopes, namely 2>*U, 2°U and #*®U, have been identified in nature, their
respective percentages being 0.0058%, 0.715%nd 99.28 %of the total ura-
nium content. The latter isotope is a basic member of the uranium-thorium
decay series whose members comprise also 2*U. This series ends with stable
205pp. The isotope >*°U is the first member of the uranium-actinium series, and
207Pp is its last member. The thorium series is derived from its first member
232Th. The series is terminated by the stable lead isotope >°Pb.
Radioactivity of potassium, which is abundant in nature, is caused by its
radioactive isotope “°K which accounts for a mere 0.012 %of all natural
potassium.
Half-lives of major radioactive elements in rocks are as follows:
B8Y  4.51x10° years
22Th  1.40x 10" years
OK  1.415x10° years
The above half-lives are comparable to the age of the earth, i.e. 4.5x10°
years (MATOLIN, 1994).
The average contents of radioactive elements in the earth’s crust are as fol-
lows:
2—3ppm uranium
8—12ppm thorium
2.5%potassium
Radioactive elements are the main source of rock nuclear radiation. Ura-
nium is found in rocks in three forms: uranium minerals, iSsomorphic ad-
mixtures in rock-forming minerals and disseminations. Thorium is a litho-
phile element. During magmatic differentiation the element concentrates
in later phases where it replaces rare earths in minerals.
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Torium je prvkom s litofilnym charakterom. Pri magmatickej diferenciacii
sa koncentruje v neskorych §tadiach a nahradza v mineraloch prvky vzac-
nych zemin.

Draslik ma takisto litofilny charakter. Spolu s kremikom, sodikom a vapni-
kom je hlavnym horninotvornym prvkom. Jeho nahromadenie nastava pri
draselnej metasomatodze.

1.4. Radon

Prvoradu pozornost spomedzi radioaktivnych prvkov si zasluhuje radén.
Z obrazku 1 je zrejmé, Ze prave tento prvok je najvyznamnejSim zdrojom
prirodného Ziarenia. Radon a jeho dcérske produkty sposobuju priblizne
polovicu radiaCnej zataZe obyvatelstva.

Izotopy radonu vznikaju radioaktivnou premenou z izotopu radia, ktory je
jednym z ¢lenov rozpadovych radov. P6da, vzduch, alebo voda v horninach
su sprostredkovatel'mi prenosu radénu z hornin do atmosféry. Radon pri-
nalezi do skupiny inertnych plynov. Ma proténové Cislo 86 a v prirode je
zastipeny tromi nuklidmi (tab. 2).

Vel'mi nepriaznivy vplyv na oZiarenie ludi maju dcérske produkty rozpadu
radonu. Charakteristika tychto radionuklidov je na obr. 3 a v tab. 3.

Potassium also is an element of lithophile character. It is a major rock-for-
ming element along with silicium, sodium and calcium. Rocks are enriched
in this element through potassic metasomatism.

1.4. Radon

Radon is a radioactive element of prime importance. Fig. 1 indicates that
radon is the most significant source of natural radiation. Radon and its
daughters account for approximately a half of human irradiation.

Radon isotopes emanate from radium which is a member of decay series.
Radon diffuses from rocks through soils, air or waters in rocks into the
atmosphere. Radon is an inert gas. The element has three natural isotopes
and a proton number 86 (Tab. 2).

So-called radon daughters are extremely important for human irradia-
tion. These products are characterized in Fig. 3 and Tab. 3.

Radon concentration in soil air is controlled by U and Th contents in
rocks and physical proporties of rocks.

Radon volume activity (a,) also directly depends on radium mass acti-
vity in a rock environment, density of the rock environment emanation
coefficient and conversely on the environment porosity. From a re-

NUKLIDY RADONU TAB. 2 RADON NUCLIDES
Rozpadovy rad / Decay series Nuklid / Nuclid Pol¢as rozpadu / Decay halflife Nazov / Name
uranovy / uranium Rn-222 3,82 dna / 3.82 days radon / radon
uran-aktiniovy / uran-actinon Rn-219 3,92 sekund / 3.92 seconds aktinén / actinon
toriovy / thorium Rn-220 55,3 sekund / 55.3 seconds toron / toron
PRODUKTY ROZPADU 2??2Rn TAB. 3 222pn DECAY PRODUCTS
Radionuklid / Radionuclide Pol¢as rozpadu / Decay halflife Spodsob rozpadu / Decay manner Energia Castic alfa (MeV) / Alpha particle energy
Rn-222 3,82 dna / 3.82 days alfa / alpha 5,48
Po-218 3,05 min. / 3.05 min. alfa / alpha 6,00
Pb-214 26,8 min. / 26.8 min. beta / beta -
Bi-214 19,7 min. / 19.7 min. beta / beta -
Po-214 16.10%s/1.6.10%s alfa / alpha 7,68
Pb-210 22 rokov / 22 years beta / beta -

Koncentracia radonu v podnom vzduchu zavisi od obsahu U a Th v horni-
nach a od fyzikalnych vlastnosti hornin.

Objemova aktivita radonu (a,) v horninovom prostredi je priamo umerna
hmotnostnej aktivite rddia v horninovom prostredi, hustote horninového
prostredia, koeficientu emanacie a nepriamo umerna jeho porovitosti. Z re-
gionalneho hladiska ovplyviiuju objemovu aktivitu radonu pri beznych kon-
centraciach radia v horninovom komplexe zmeny hustoty a poérovitosti
prostredia.

V horninovom prostredi sa radon §iri difuziou a konvekciou. Diftziu sposo-
buje pohyb molekul v smere gradientu koncentracie a preto je ovplyvnena
vlastnostami prostredia (pérovitost, vihkost a pod.).

Konvekéné prudenie emanacie (radénu) sposobuje zmena fyzikalnych pod-
mienok prostredia (teplotné a tlakové gradienty) a pohyb vod. Uplatiuje sa
najma v tektonicky porusenych zonach, v zlomoch a v prostredi s vysoky-
mi hodnotami koeficientu difuzie (pdrovité horniny, silne vyvinuty zvet-
ralinovy plast a pod.). V porovnani s difiziou je diZzka transportu radonu
konvekciou asi o rad vicsia.

Velky vyznam pre prenos radonu ma tektonicka prepracovanost hornin.
Tektonické poruchy umoznuju transport radonu na vel'ké vzdialenosti.
Medzi faktory ovplyvnujuce pohyb radonu patri napr. koeficient priepust-
nosti hornin. VSeobecne plati, Ze radon v zéne aktivneho pohybu pod-
zemnych vod TlahSie migruje do prostredi s vySSou priepustnostou.
Kratkodobé a dlhodobé variacie radonu su spité s klimatickymi pomermi.
Vel'mi dolezité su najmé vyrazné rozdiely v objemovej aktivite radonu
meranej v zimnom a letnom obdobi (v zime sa nameraju trojnasobky vy-
sledkov letnych merani), vyznacujuce sa vyraznym gradientom rastu resp.
poklesu v jesennom a jarnom obdobi. Tieto zmeny nepriamo suvisia so
zmenami teploty vzduchu a pody. Zmeny teploty podneho prostredia su
sprevadzané aj zmenami pddnej vlhkosti, ¢im ovplyvnuju emanacné pro-
stredie a tym aj objemovu aktivitu radénu.
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gional point of view, changes in environment density and porosity sub-
stantially affect radon volume activity at common radon concentrations
in rocks.

Radon spreads in rocks through diffusion and convection. The former is
a movement of molecules in the direction of falling concentration gradi-
ent and depends on the properties of the environment (porosity, mois-
ture, etc.).

Convective flow of emanated gas (radon) is caused by changing physical
conditions in the surrounding environment (temperature and pressure gra-
dients) and water circulation. It takes place largely in tectonically fractu-
red zones and faults and in environments with high diffusion coefficient,
such as porous rocks, strongly weathered rocks, etc. Radon transport
through convection is approximately by one order higher than that
through diffusion.

Radon transport is considerably facilitated by tectonic fracturing of rocks
as the gas can travel along dislocations for long distances.

Further factors controlling radon movement include the permeability
coefficient of the rock. In general, flowing groundwaters make it easier
for radon to migrate into more permeable environments. Climatic con-
ditions give rise to long and short variations in radon concentrations.
Extremely important are major differences in radon volume activity bet-
ween winter and summer (up to three times volume activity of Rn) with
sharp growth and fall gradients in autumn and spring. These changes
are indirectly linked to changes in air and soil temperatures. The chan-
ges in soil temperature go hand in hand with changes in soil moisture
which influence emanation environment and thereby also radon volume
activity.

Radon from soil emanates through cracks, openings, fissures, and in other
ways into dwelling rooms. A scheme showing the penetration of radon into
dwelling rooms is in Fig. 4.
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Radon z pody prestupuje do obytnych priestorov trhlinami, otvormi, pras-
klinami, inS§talaCnymi prestupmi v podlahe, ale i dalSimi sposobmi. Na
obr. 4 je schéma prieniku radonu do obytnych priestorov.

1.5. Prirodna radioaktivita vod

Prirodna radioaktivita vod je dana obsahom rozpustenych pevnych a plyn-
nych prirodnych radioaktivnych latok. Hlavnymi prirodnymi radionuklid-
mi podzemnych a povrchovych vod, ktoré prechadzaju do vod z hornino-
vého prostredia st *°K, 23®U, 2*U, #*?Th, %*°Ra a %*’Rn. Z tychto radionuk-
lidov su najcastejSie vo vode zastupené nuklidy rozpadového radu uranu:
zmes 2*®U + 2%*U oznacovana ako U, *°Ra a %*’Rn.

nat?

1.5.1. Hydrochemicka charakteristika uranu

Uran sa v prirode najcastejSie vyskytuje vo forme Stvormocnych a Sestmoc-
nych zlicenin. I6n U®" je nestabilny, jeho zluceniny lahko hydrolyzuju
a vytvaraju soli komplexného dvojmocného katiénu uranylu UO3". Pre ka-
tion UO3" su charakteristické komplexné zliiceniny s karbonatovym ionom
(uranylkarbonaty), ktoré st lahko rozpustné vo vode. Stvormocny uran sa
nachadza vo forme kationu U*" v soliach typu UCI, a U(SO,),. Hydroxid
Stvormocného uranu je velmi slabo rozpustny vo vode, a preto jeho kon-
centracie vo vodach su nizke.

1.5. Natural Radioactivity of Waters

Natural radioactivity of waters is caused by the content of dissolved solid
and gaseous natural radioactive substances. Major natural radionuclides in
ground and surface waters comprise “°K, 28U, 2*U, %*2Th, %*°Ra and ?*Rn
all of which pass into waters from a rock environment. Of these radio-
nuclides, those of uranium decay series (a mixture of 28U and #*U refer-
red to as U,,,, ?°Ra and **Rn) are most abundant in water.

1.5.1. Hydrochemical Characteristics of Uranium

Uranium occurs in nature mostly as tetra- and hexavalent compounds. U®*
is unstable and its compounds are easy to hydrolyse and form salts of the
complex divalent cation uranyle UO3". The UO3" cation typically forms
complex compounds with a carbonate ion — uranylcarbonates which are
readily soluble in water. Tetravalent uranium occurs as cation U*" in salts
like UC1, and U(SO,),. Hydroxide of tetravalent uranium is poorly soluble
in water and therefore its concentrations in water are low. Essential factors
controlling uranium contents in nature are the element’s concentration and
mode of occurrence in rocks.

Uranium is found in rocks in the following forms:

— uranium minerals dominated by the uranyle group UO3" and tetravalent

uranium,
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Obr. 4
Schematické znazornenie zdrojov radonu v objektoch pozemnych stavieb

A - trhliny medzi stenou a podlahou

B - trhliny, vznikajuce rozdielnym sadanim suterénnych stien,
prip. zakladovej dosky

C - netesnosti okolo poklopov reviznych Sacht

D - netesnosti okolo prestupov inStalacii

E - netesnosti okolo podlahovych otvorov

F - odvodriovacie drenazne potrubie - trativod

G - difazia konStrukciami spodnej stavby

H - exhalacia radénu zo stavebnych materialov

I - uvolTiovanie radénu z vody, dodavanej do objektu

J - pritomnost radénu vo vzduchu, dodavaného ventilaciou

Fig. 4
A scheme showing radon sources in ground structures

A - cracks between walls and floor

B - cracks due to different sinking rates of basement walls
and/or basement floor

C - untight lids of inspection shafts

D - untight piping

E - untight floor openings

F - radon influx through a sewage pipe

G - diffusion through basement construction

H - radon exhalations from building materials

| - radon released from water supplied to the building
J - radon in air supplied in by ventilation

Zakladnym faktorom ovplyviujucim obsah uranu v prirode je koncentracia

a sposob vyskytu v horninach. Uran m6zeme najst v horninach v tychto formach:

— ako samostatny mineral s prevahou vyskytu skupiny uranylu UO3" nad
Stvormocnym uranom;

— ako izomorfna primes v krystalovej mriezke (akcesorické mineraly hornin);

— v rozpustenom stave (vo forme uranylovej skupiny UO3"), alebo ako kva-
palné uzavreniny v mineraloch a kapilarnych vodach.

Posledna forma je najmobilnejSia a uran sa lahko vyluhuje kyslymi aj zasa-

dito-karbonatovymi roztokmi.

Zdrojmi Tahko extrahovateIného uranu z hornin mézu byt:

— primarne uranové mineraly patriace medzi oxidy (uraninit) a zlozité
oxidy, ked'Ze sa v ich zlozZeni okrem Stvormocného vZdy nachadza aj Sest-
mocny uran, ktory sa dobre rozpusta v slabych kyselinach. Primarne
mineraly su v oxida¢nej zone nahradzané sekundarnymi uranovymi mi-
neralmi (fosfatmi, vanadatmi, silikatmi a pod.), v ktorych je uran Sest-
mocny. Vsetky sekundarne mineraly uranu vznikajuce v hypergénnej
z6éne su dobre rozpustné v slabych kyselinach,;

— neuranové mineraly, v ktorych sa uran vyskytuje ako izomorfna primes,
ak sa nachadzaju v metamiktnom stave;

— adsorbovany uran,;

— uran rozpusteny v kvapalnych uzavreninach a v medzizrnovej tekutine.

Uran v takych mineraloch ako je zirkon, apatit, ortit a pod., uz prakticky

nepodlieha oxidaénym procesom.

Pri vzajomnom pdésobeni hornin obsahujucich radioaktivne prvky a rozto-

kov moZu nastat dva procesy:

— rozpustanie — uvolnovanie radionuklidov s naruSenim krystalovej
mriezky

— vyluhovanie — uvolinovanie radionuklidov bez naruSenia kryStalovej
mrieZKy.

Pri rozpustani sa radionuklidy dostavaju do vody s tym istym zloZenim,

aké ma horninové prostredie a ich diferenciacia nenastava. Prvky sa len
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— isomorphous admixtures in crystal lattice (accessory mineralls in rocks)

— dissolved (as uranyle group UO3") or as liquid inclusions in minerals and
capillary waters.

The latter form is the most mobile as uranium is readily leached out by aci-

dic as well as basic-carbonate solutions.

Sources of readily extractable uranium from rocks include:

— primary uranium minerals — oxides (uraninite) and complex oxides be-
cause, in addition to tetravalent uranium, they always contain also hexa-
valent uranium which is readily soluble in weak acids. The primary mine-
rals in oxidation zone are replaced by secondary uranium minerals
(phosphates, vanadates, silicates, etc.) whose uranium is hexavalent. All
secondary uranium minerals formed in the hypergene zone are also easi-
ly soluble in weak acids;

— non-uranium minerals in which uranium forms an isomorphous admix-
ture provided that they are in a metamict state;

— adsorbed uranium;

— dissolved uranium in liquid inclusion and in intergranular liquids.

Uranium in minerals such as zircon, apatite, orthite and others, is virtually

resistant to oxidation.

Two processes can take place by the mutual interaction of rocks containing

radioactive elements:

— dissolution, i.e. liberation of radionuclides through destruction of
crystal lattice

— leaching out, i.e. liberation of radionuclides without destructing crystal
lattice.

By dissolution, radionuclides are released to water of the same compositi-

on as the surrounding rocks, and no differentiation takes place. The ele-

ments are only separated during the dissolution sequence due to their dif-
ferent capabilities to form soluble compounds.

By leaching, radioactive elements are liberated without destructing crystal

lattice of minerals, and therefore the content and form of occurrence of



rozdelia podla postupnosti prechodu do vody, ktord zavisi od moZnosti
vytvarat rozpustené zluceniny.

Pri vyluhovani sa radioaktivne prvky uvolnuju bez narusenia krystalovej mriezky
mineralov. Preto obsah a forma vyskytu radioaktivnych prvkov v krystalovej
mriezke je zakladnym faktorom obmedzujicim obsah konkrétneho prvku vo
vodach. Dcérske produkty rozpadu prechadzaju do mikrokapilar a mikropo-
ruch krystalov, odkial ich mozu roztoky vel'mi lahko extrahovat. Malokedy vy-
tvaraju vlastné mineraly. Vyluhovanie sa javi ako zakladny sposob prechodu
radioaktivnych prvkov do vod, preto sa tieto prvky nachadzaju vo vodach v ta-
kych pomeroch, Ze prevladaju dcérske produkty rozpadu. Pri vylihovani moze
nastat ina distribucia prvkov aj radionuklidov (FERRONSKI et al., 1975).
Koncentracia uranu v podzemnej vode je vel'mi variabilna. Vysvetlujeme to
rozdielmi v obsahu a genetickych formach uranu v horninach, réznym hy-
drodynamickym rezimom a hydrochemickou situaciou, ovplyviiujucou pre-
chod radioaktivnych prvkov do vody (chemické zlozenie vody, pH, mnoz-
stvo vol'ného kyslika, teplota a i.).

Rozlisuju sa tri hydrodynamické zony obehu vody: zona intenzivneho, spo-
maleného a vel'mi spomaleného obehu. V zéne intenzivneho kolobehu sa
vyskytuju vody s rozpustenym kyslikom, ktoré su charakteristické vysokym
oxida¢no-redukénym potencialom. V tejto zéne sa odohrava oxidacia Stvor-
mocného uranu na Sestmocny a jeho prechod do roztoku. V zonach spo-
maleného a velmi spomaleného obehu vody, charakterizovaného redukc-
nymi podmienkami, vody neobsahuju kyslik, ale s obohatené sirovodikom
a organickou hmotou. V takomto prostredi sa moze uranyl-ién redukovat
a usadzovat vo forme hydroxidu U(OH),, ktory je tazko rozpustny. Vody
tychto zon obsahuju uran vo vel'mi malych koncentraciach.

Zakladné obohatenie podzemnych vod uranom teda vznika pri procesoch
chemického zvetravania hornin v podmienkach plytkého kolobehu vody v ne-
velkych hibkach. Zmensovanie koncentracie uranu vo vodach stvisi s hibkou
formovania ich chemizmu. Maximalne hodnoty obsahu uranu sa vyskytuju vo
vodach s celkovou mineralizaciou do 1 g.1. V nizkych koncentraciach sa uran
nachadza v puklinovych vodach krystalickych masivov v tych pripadoch, ak sa
formovali v hibSich obehoch, vo vodach vulkanitov, uhli¢itych a mnohych ter-
malnych vodach vzdialenych od skor sformovanych uranovych lozisk.

V prirode sa nachadzaju tri radionuklidy uranu: 26U, 25U a #*U. S ohladom na
svoj vzacny vyskyt je pritomnost 2°U vo vodach prakticky bezvyznamna. Ré-
dionuklid *U je produktom rozpadu 2®U a zjavne v krystalickej mriezke zaujima
iné postavenie ako starsi 2®U av procese vylihovania postupuje prednostne pred
2381, Prirodné vody su obohatené ***U a pomer aktivit 2*U/>8U>1. Len pri
intenzivnom vyluhovani uranovych a uranonosnych mineralov je pomer
234J/?*®U< 1. Minimalna zistena hodnota pomeru 2**U/%®U je 0,5. Tieto pripady
su vel'mi zriedkavé, patria sem napr. vody vytekajiice z uranovych lozisk.
Priemerna hodnota pomeru 2**U/?*®U je v podzemnych vodach 1,5, v rie-
kach 1,2, v termalnych vodach 1,3. Hodnoty pomeru 2**U/?%¥U sa zvicsa
pohybuju v rozmedzi od 1 do 2 (GELLERMAN-FROHLICH, 1984).

1.5.2. Hydrochemicka charakteristika radia

Radium je dvojmocny kov patriaci medzi alkalické zeminy, ktory nevytva-
ra samostatné mineraly, ale tieto zluceniny: RaCl,, RaBr,, RaJ,, Ra(NO,),
(rozpustné vo vode), RaSO, a RaCO; (prakticky nerozpustné vo vode).
BaSO, a SrSO, su rozpustnostou blizke RaSO,.

V prirodnych vodnych roztokoch sa mo6zZe radium nachadzat v idonovej,
molekularnej a pseudokoloidnej forme (aerosoly, suspenzie).

Migracia radia nie je ohrani¢ena len jeho chemickymi vlastnostami, ale aj
osobitostami jeho postavenia v mineraloch a roztokoch. Radium vznika
v rozpadovom rade uranu po piatich premenach. Energia dodana dcér-
skym produktom im stac¢i na prechod niekol'kych desiatok medziuzlovych
vzdialenosti v kryStalovej mriezke mineralu. Preto produkty rozpadu uranu,
a teda aj radium, sa mozu vzdialift na vyznamné vzdialenosti od svojho
materského prvku a dostat sa do mechanickych poruSeni krystalovej mriezky
mineralu, odkial mo6Zu byt vyluhované nezavisle na svojej materskej hmote
a bez porusSenia kryStalovej mrieZky uranového alebo uranonosného mine-
ralu (SYROMJATNIKOV et al., 1976).

Koncentracie radia vo vodach su nizke, a preto nemozu vzniknut samo-
statné usadeniny RaSO, a RaCO,. Napriek tomu je rddium vo vodach oxi-
dacénej zony nestale, spolu s ionmi SO3 a CO% sa sucasne vyzraza (napr.
s BaSO,, PbSO,, CaCO,) a lahko sorbuje na tvrdu fazu (napr. na bahenné
usadeniny a travertiny).

Na pritomnost radia v tekutej faze ma vplyv aj parcialny tlak CO,. ZniZenie
tlaku vo vystupnych tokoch podzemnych vod z jednej strany zapricinuje

radioactive elements in crystal lattice are the key factor controlling the
content of a given element in water. The daughter decay products pass into
microcapillaries and microcracks in crystals from where they are readily
dissolved by solutions. They rarely form own minerals. Leaching appears to
be a basic way of releasing radioactive elements into water, and therefore
radioactive elements in water are dominated by daughter decay products.
Leaching may also result in redistribution of elements and radionuclides
alike (FERRONSKIY et al., 1975).

Uranium concentrations in groundwaters are highly variable. This can be
explained by variable contents and genetic forms of uranium in rocks, di-
verse hydrodynamic regimes and hydrochemical settings affecting the re-
lease of radioactive elements to water (water chemistry, pH, amount of
free oxygen, temperature, etc.).

Three hydrodynamic zones of water circulation have been distinguished:
zones of intensive, limited and very limited water circulation. The former
contains waters with dissolved oxygen characterized by a high oxidation-
-reduction potential. Tetravalent uranium in this zone is being oxidized to
hexavalent one and passes into solution. Waters in the zones of limited and
very limited water circulation characterized by reducing conditions are
devoid of oxygen but are enriched in hydrogen sulphide and organic mat-
ter. In this environment, uranyle ion can be reduced and precipitated as
poorly soluble hydroxyde U(OH),. Waters in those two zones contain very
little uranium.

Groundwaters become enriched in uranium mostly through chemical
weathering of rocks, under conditions of shallow water circulation close to
the earth’s surface. Uranium concentrations in groundwaters fall with
depth, a phenomenon linked to the formation of water chemistry. Ma-
Ximum uranium concentrations occur in waters whose T.D.S. is below
1 g.I". Fissure waters of deeper circulation in crystalline massifs as well as
waters in volcanics, carbonate and numerous thermal waters away from
preexisting uranium deposits contain little uranium.

Three uranium radionuclides (**®U, #°U and ?**U) occur naturally. Howe-
ver, 2°U occurrences are rare in nature and therefore its concentrations in
waters are virtually negligible. Radionuclide 2**U is a decay product of 23U
and obviously has a different position in crystalline lattices than older 28U,
That is why the former isotope is leached out prior to the latter. Natural
waters are enriched in 22*U and the 2**U/?%U ratio >1. Only when inten-
sive leaching of uranium and uranium-bearing minerals takes place, the
234U/?%U ratio < 1. The minimum known ?**U/?®U ratio is 0.5. Such waters
(e.g. waters draining uranium deposits), however, are extremely rare. The ave-
rage 2**U/?8U ratio in groundwaters is 1.5,1in rivers 1.2 and in thermal wa-
ters 1.3.The ratio mostly ranges from 1 to 2 (GELLERMAN-FROHLICH, 1984).

1.5.2. Hydrochemical Characteristics of Radium

Radium is a divalent alkaline-earths metal. It has no minerals of its own.
Radium compounds include RaCl,, RaBr,, Ral,, Ra(NO,), (soluble
in water), RaSO, and RaCOj (virtually insoluble in water). The solubility
of RaSQ, is similar to that of BaSO, and SrSO,.

Ion, molecular and pseudocolloidal (aerosols, suspensions) forms of radium
are found in natural waters.

The element’s migration is not restricted only by its chemical proper-
ties but also by its special behaviour in minerals and solutions.
Radium is created through five decays in the uranium decay series.
Energy supplied to the daughter products allows them to travel seve-
ral tens of internodal distances in the mineral crystal lattice. Con-
sequently, decay products of uranium, including radium, can travel
considerable distances away from their parent element as far as
mechanic cracks in the mineral crystal lattice from where they can be
leached out while their parent remains in place and the crystal lattice
of the uranium or uranium-bearing mineral remains intact (Syro-
MYATNIKOV et al., 1976).

Radium concentrations in waters are low and cannot give rise to deposits
of RaSO, and RaCOj. Yet, radium in waters of oxidation zone is unstable
and precipitates along with SO% and COZ% ions to form e.g. BaSO,, PbSO,,
and CaCOj and gets easily sorbed to solid phase such as mud deposits and
travertines.

Presence of radium in liquid phase is affected also by CO, partial pressure.
A drop in pressure of groundwaters ascending to the surface results in an
abrupt release of volatile components, disruption of CO, equilibrium and
deposition of calcium carbonates and partly also radium.
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rychle uvol'nenie prchavych zloZiek, Co ma za nasledok naruSenie rovno-
vahy CO, a usadzovanie karbonatov vapnika, s ktorymi sa Ciasto¢ne usadza
aj radium. Nasytenie podzemnych vod CO, sposobuje aj obohatenie vod
radiom, ked'Ze agresivita vody pdsobiacej na horninové prostredie sa zvysi.
Tento faktor obohatenia je vyznamny pre vody pretekajuce cez horniny
s vysokymi koncentraciami radioaktivnych prvkov (napr. puklinové vody
masivov kyslych magmatickych hornin).

Vel'ky vyznam pre koncentraciu radia vo vodach ma aj trvanie kolobehu vody
v horninach. Radium ziskava voda pomalou cirkulaciou vody v puklinach
a trhlinach, resp. jej stagnaciou v podzemnych akumulaciach. Koncentracia
radia v roztoku sa zvySuje s rastom mineralizacie vod. Vysoké hodnoty kon-
centracie radia st v mineralnych a termalnych vodach, pochadzajucich z kar-
bonatovych hornin. V povrchovych vodach a vodach plytkého obehu zavisi
koncentracia radia len od koncentracii jeho materskych radionuklidov.

1.5.3. Hydrochemicka charakteristika radénu

Radoén vznika rozpadom radionuklidov radia. Méze ostat vnutri Struktury
mineralov, alebo sa hromadi v péroch, kapilarach a puklinach. Prestup ra-
donu do prirodnych vod sposobuju procesy emanacie a difuzie.

Prechod radénu zo zdrojov, ktoré obsahuju radium do vody alebo hocijakého
iného média charakterizuje emanacia. Emanacia zavisi od stavby a pevnosti
krystalovej mriezky mineralov, od rozvetvenosti kapilarnej siete a migracie
materskych hmot. Stupen emandacie sa hodnoti koeficientom emanacie.
Koeficient emanacie hornin, ktoré obsahuju primarne uranové mineraly, je
ohranic¢eny koeficientom emanacie mineralov. Koeficient emandcie jednotli-
vych mineralov sa pohybuje od 0,21% (uraninit) do 12,9% (cyrtoli) (Gu-
DZENKO-DUBINCUK, 1987).Ak su v hornine pritomné aj sekundarne mine-
raly, na koeficient emandacie zvyCajne vplyva aj pritomnost radia, ktoré sa
vyluhovalo z minerdlov a je absorbované horninou. Koeficient emandcie
sekundarnych mineralov sa pohybuje od 30 do 65%. Emanac¢na schopnost
nezmenenych vulkanickych hornin a pevnych sedimentarnych hornin je
mala. Najvy$Siu schopnost emanacie maju nespevnené sedimenty, Co je
sposobené pritomnostou mechanickych alebo solnych aureol rozptylenych
radioaktivnych prvkov.

Koeficient emanacie kyslych magmatickych hornin sa oby¢ajne pohybuje
v rozmedzi 15—30%,sedimentarnych a metamorfovanych 10—25 %.

Do podzemnych vod radon prestupuje najmé v procese emanacie hornin.
Difuzia jeho atomov v pevnej faze hornin je nepatrna, preto sa radén uvol-
nuje len vtedy, ak sa radium nachadza na povrchu horniny (adsorbované na
hornine). Vo vodach takychto emanujtcich kolektorov je obsah radonu
velmi vysoky. V pripade silne porusSenej horniny sa radén uvolnuje aj
z hibky kapilar. Podzemna voda ziskava radén takisto na tektonickych zlo-
moch s rychlou cirkulaciou vody.

Rozpustnost radonu vo vode je pomerne vysoka, ale s rastucou teplotou
klesa. Koeficient rozpustnosti pri 5°C je 0,42,pri 10°C 0,35,pri 20°C 0,25
a pri 80°C len 0,11.Aj pri zvySovani mineralizacie vod koeficient rozpust-
nosti klesa (GUDZENKO-DUBINCUK, 1987).

Radoén obsiahnuty vo vode moze byt dvojakého pdvodu: jednak alogénny
— emanacny, ktory rozdelujeme na hyperalogénny (do vody sa dostava
z vrchnych Casti kory zvetravania), hypoalogénny (do vody sa dostava z hlb-
Sich casti po tektonickych zlomoch), jednak autigénny (vznikajuci radioak-
tivnym rozpadom radia, ktoré obsahuje voda).

NajbeznejSie radéonové vody (vody s objemovou aktivitou radonu nad
200Bq.1") patria k slabo mineralizovanym (celkova mineralizacia do 1 g.I™)
a studenym (teplota pod 20°C). Viazu sa zvacsa na kyslé krystalické hor-
niny (leukokratné granity, granodiority, trachyliparity) s plytkou cirku-
laciou. Su to radonové vody kory zvetravania kyslych magmatickych hor-
nin. Dalsia ¢ast radonovych vod patri medzi termalne vody formujuce sa
v zonach hlbinnych tektonickych zlomov. Tieto vody su prevazne dusikové
a vyznacuju sa zvySenymi hodnotami kyseliny kremicitej. Oproti prvej sku-
pine nedosahuje v nich objemova aktivita radonu az také vysoké hodnoty.
Tretim typom su karbonatové vody nasytené CO, s roznou mineralizaciou
a s vysokym obsahom radia, vystupujuce z roznych hibok po tektonickych
zlomoch. Poslednym typom radonovych vod su vody, ktoré pretekaju cez
ilovito-travertinové usadeniny. Radium vynesené z termalnych vod sa uklada
pri vystupe na povrch v travertinoch a bahennych usadeninach. Studené
vody prechadzajuce tymito usadeninami sa potom obohacuju radénom
(LANGE, 1969).

Z troch v prirode sa vyskytujucich nuklidov radonu ma v hydrochémii
vyznamnejsie miesto len *Rn.
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The saturation of groundwaters in CO, makes the water more aggressive
towards surrounding rocks and as a result the water becomes enriched in
radium leached from rocks. This enrichment factor is important for waters
circulating through rocks rich in radioactive elements, such as fissure
waters in massifs of acid igneous rocks.

The duration of water circulation in rocks is also extremely significant for
radium concentration in water. Radium is released to water slowly flowing
through fissures and cracks and stagnant in underground reservoirs. Ra-
dium concentrations in solutions grow with increasing water mineralizati-
on. High radium concentrations are found in mineral and thermal waters
draining carbonate massifs. Radium concentrations in surface and shallow-
circulation waters are controlled only by the concentrations of its parent
and radionuclides.

1.5.3. Hydrochemical Characteristics of Radon

It is formed by the decay of radium radionuclides. It may stay inside
the structure of minerals or accumulate in pores, capillaries and fis-
sures. Through emanation and diffusion, radon advances to natural
waters.

The transition of radon to water or to any other medium from sources
containing radium is characterized by emanation. The emanation
depends on the structure and strength of crystal structure of source mine-
rals, density of capillary network and migration of parent matters.
Emanation is quantitatively expressed by emanation coefficient. The
coefficient for rocks containing primary uranium minerals is limited by
emanation coefficients of their minerals. Emanation coefficients of indi-
vidual minerals vary from 0.21% (@raninite) to 12.9% (cyrtolitg
(Gupzenko, DuUBINCHUK, 1987).If the rock contains also secondary
minerals, emanation coefficient is influenced by the presence of radium
which was leached out of minerals and absorbed to the rock. Emanation
coefficients of secondary minerals range from 30 to 65%. Emanation
capacities of unaltered volcanics and consolidated sediments are negli-
gible. The highest emanation capacities are typical of unconsolidated
sediments whose emanation is caused by mechanic or salt aureoles of dis-
seminated radioactive elements.

Emanation coefficients of acid igneous rocks are mostly 15—30%and
those of sedimentary and metamorphosed rocks 10—25 %.

From rocks, radon emanates to groundwaters. Diffusion of radon atoms in
solid rocks is negligible and therefore radon is released only if radium
occurs on the surface of rock (adsorbed to rock). Waters of such emanating
aquifers have very high radon contents. In strongly fractured rocks, radon
is released also from places deep in capillaries. Groundwater receives ra-
don also on faults with fast water circulation.

Radon solubility in water is fairly high, but falls with increasing temperatu-
re. The solubility coefficient at 5°C is 0.42,at 10°C 0.35,at 20°C 0.25and
at 80°C a mere 0.11.The solubility coefficient falls also with increasing
T.D.S. of water (GUDZENKO, DUBINCHUK, 1987).Two origins of radon in
water have been distinguished: 1. allogenic — emanation which is subdivi-
ded into hyperallogenic (radon is released to water from upper parts of
weathering crusts) and hypallogenic (radon passes to water from deeper
levels along faults) and 2. authigenic (generated by radioactive decay of
radium in water).

Radon waters (whose radon volume activity exceeds 200Bq.I™") are lar-
gely low-mineratized (T.D.S. below 1 g.1"") and cold (temperature below
20°C). They are mostly bound to acid crystalline rocks (leucocratic
granites, granodiorites, trachyliparites) with shallow groundwater circu-
lation. These are radon waters of the weathering crust of acid igneous
rocks. Other radon waters are thermal waters formed along deep faults.
These waters are mostly nitrogen-bearing with increased silica contents.
Their radon volume activities are lower than those of the preceding
group. A third type consists of CO,-saturated carbonate waters of va-
rious T.D.S. and high radium contents ascending from various depths
along faults. The last kind of radon waters includes waters percolating
through clayey-travertine deposits. Radium-rich thermal waters ascen-
ding to the surface release this radionuclide in travertines and mud depo-
sits. Cold waters percolating through these deposits then become enri-
ched in radon (LANGE, 1969).

Out of three radon nuclides found in nature, only ?*?Rn plays an important
role in hydrochemistry.



1.6. Prirodna radioaktivita vzduchu

Radioaktivitu atmosféry sposobuju radioaktivne plyny a aerosoly, ktoré sa
v nej nachadzaju. Obsah jednotlivych radioaktivnych prvkov v ovzdusi s vy-
nimkou radénu %*?Rn, torénu **°Rn a dcérskych produktov ich rozpadu, je
veelku zanedbatelny. Tento obsah kolise medzi 0,7 az 15Bq.m™ v zavislosti
od rozdielneho obsahu radioaktivnych latok v pode, od vymeny plynu medzi
podou a atmosférou a od atmosférickych zmien (teplota, tlak, vlhkost vzdu-
chu, smer a sila vetra...). S poklesom barometrického tlaku a s narastom tep-
loty rastie aj uvolnovanie radonu z horninového prostredia. Preto su hodnoty
radioaktivity v prizemnej vrstve atmosféry vyssie. Priemerny obsah ?’Rn v at-
mosfére sa pohybuje okolo 4 Bq.m™. Obsah ?*°Rn je o jeden rad niZzsi.
Obsah prirodnych radioaktivnych aerosolov vo vzduchu je pomerne maly.
Pohybuje sa v rozmedzi od 102 do 1,0Bq.m™. Tvoria ho hlavne kratkodobé
produkty rozpadu ?*?Rn a ?*°Rn.

Okrem radonu su v atmosfére obsiahnuté aj dalSie izotopy, a to najma tricium
(*H) a uhlik (**C), ktoré sa v atmosfére vytvaraju predovsetkym posobenim koz-
mického Ziarenia. Obsah **C v celkovom obsahu uhlika v atmosfére je 107 pro-
mile a stredny obsah tricia vo vodiku sa pohybuje od 10 do 10™® promile.
Na zaklade tychto poznatkov mozZno povedat, ze hlavnymi zdrojmi radio-
aktivity atmosféry su >°Rn a ?*°Rn.

1.7. Radionuklidy v potravinovom retazci

Viacsina potravin bola vypestovana na pode s obsahom radionuklidov, ktoré
prenikaju do vegetacie a odtial priamo alebo cez ZivociSne produkty sa
dostavaju do potravy ¢loveka. Okrem nuklidov v pode, ktoré rastliny priji-
maju korefimi, moZu prijimat aj nuklidy zo vzduchu (SEDA, 1983).
Korenovy systém rastlin nie je schopny rozlisit pritomnost radionuklidov.
Plati, ze ak je kation akéhokolvek prvku pritomny v pode, je pritomny aj
v tkanivach rastlin. Rozsah absorpcie radionuklidov zavisi od jeho chemic-
kej formy, metabolickych pochodov v rastline a fyziochemickych faktorov
v pdode (FODERARO, 1968).

Rastlina nie je schopna rozliSovat ani prvky, ktoré su si chemicky blizke.
Radium, ktoré je chemickou podstatou blizke vapniku, absorbuje kore-
novy systém podobne ako vapnik. Rychlost absorpcie radia rastlinami
preto vel'mi zavisi od mnoZstva vapnika v pode a od jeho chemickej vizby.
Z dalsich faktorov treba spomenut hibku korenového systému, vlhkost
pody a jej kyslost.

Rastliny si nevyhnutnou sucastou potravy mnohych Zivo¢ichov aj ¢loveka.
Su teda aj jednym z prostriedkov vnasania radioaktivnych latok do Tudského
tela. Radionuklidy sa ukladaju a zhromazduju v Zivo¢iSnych organoch a tka-
nivach, a to vomnoho vacsich koncentraciach ako v rastlinach alebo vo vode.

1.8. Zakladné pouzivané pojmy, vztahy a jednotky

Rddioaktivita — schopnost atomovych jadier samostatne sa premienat za
sucasného vzniku radioaktivneho Ziarenia.
Prirodnad radioaktivita — radioaktivita sposobena prirodnymi radionuklidmi,
t. j. rddionuklidmi, ktoré vznikli alebo trvale vznikaju nezavisle od lIudskej
¢innosti.
Aktivita — miera mnoZstva radioaktivnej latky. Definuje sa ako stredny
pocet radioaktivnych premien radionuklidu, ktoré prebehnu vo vzorke za
jednotku casu. Jednotkou je becquerel (Bq), ktory vyjadruje pocet radioak-
tivnych premien za 1 sekundu.
Hmotnostnd aktivita — pomer aktivity radionuklidu v latke danej hmotnosti
k hmotnosti latky. Jednotkou je becquerel na kilogram (Bq.kg™).
Objemova aktivita — pomer aktivity radionuklidu v latke daného objemu
k objemu vzorky. Jednotkou je becquerel na meter kubicky (Bq.m™) alebo
becquerel na liter (Bq.I™).
Objemovad koncentrdcia — pomer hmotnosti radionuklidu v danom objeme
k objemu vzorky. Jednotkou je miligram na liter (mg.I™%).
Hmotnostnd koncentracia — pomer hmotnosti radionuklidu k jednotkovej
hmotnosti latky. Pre prirodné radionuklidy sa pouziva oznacenie Q, Qy,
Qq, a vyjadrenie hmotnostnej koncentracie sa udava pre K v percentach
(%), pre U, Th v ppm; 1 ppm = 10° g.g™*.
Vyjadrenie hmotnostnej koncentracie jednotlivych zlozZiek prirodnej radio-
aktivity stanovenych terénnou gamaspektrometriou.:
eU — hmotnostna koncentracia U v ppm eU
eTh — hmotnostna koncentracia Th v ppm eTh
K — hmotnostna koncentracia draslika v %.

1.6. Natural Radioactivity of Air

Atmospheric radioactivity is caused by the content of radioactive gases and
aerosols. The contents of individual radionuclides in the atmosphere are
negligible except for radon ??Rn, thoron ?*°Rn and their daughter products.
Radionuclide contents in air vary from 0.7 to 15 Bq.m™ depending on the
content of radioactive matter in soil, exchange of gases between soil and
atmosphere, and changes in the atmosphere (air temperature, pressure and
humidity, wind direction and speed etc.). Falling air pressure and rising
temperature promote the release of radon from rocks. That is why the near-
surface layers of air are more radioactive than higher ones. Average *Rn
content in the atmosphere varies around 4 Bq.m™. ?*°Rn contents are lower
by one order. Contents of natural aerosols in air are fairly low, between 10?
and 1.0 Bq.m™. They consist largely of short-lived decay products of ??2Rn
and %°Rn. Aside from radon, further radioactive isotopes in the atmo-
sphere comprise mainly tritium (*H) and carbon (*C) created mostly due
to cosmic radiation. **C constitutes 107 %o of total carbon in the atmo-
sphere, while tritium accounts for 10 to 10*%o of hydrogen. The above
indicates that 2?Rn and ?*°Rn are the main sources of atmospheric radio-
activity.

1.7. Radionuclides in Food Chain

Most foods originate in fields whose soils contain radionuclides. From
soil, they get to vegetation and further on to food, either directly or
through animal meat. Aside from nuclides in soil which are taken up
through roots, plants can absorb nuclides from air, too (SEDA J.,
1983).

Plant root systems are unable to detect radionuclides. Plant tissues conta-
in cations of any element which is present in the underlying soil. The
degree of radionuclide absorbtion is controlled by the chemical form of the
radionuclides, metabolic processes in the plant and physiochemical factors
in soil (FODERARO, 1968).

Plants are incapable of distinguishing elements which are chemically simi-
lar. Radium, whose chemical character is close to calcium, is taken up
through roots just like calcium. The rate of radium absorption by plants
therefore depends considerably on the amount of calcium in soil and its
chemical bonds. Other factors comprise depth of root systems, soil mois-
ture and soil acidity.

Eaten by animals and humans, plants constitute one of several ways how radio-
active matter enters human body. Radionuclides accumulate in human and ani-
mal organs and tissues in much higher concentrations than in plants or water.

1.8. Basic Terms, Relationships and Units Used

Radioactivity — ability of atom nuclei to decay spontaneously emitting nu-
clear radiation.
Natural radioactivity — radioactivity caused by natural radionuclides, i.e.
radionuclides which have been formed or are permanently being formed
independently of human activities.
Activity —a measure of the quantity of a radioactive matter. It is defined as
a mean number of radioactive decays of a radionuclide which take place in
a given sample over a unit time; its unit is becquerel (Bq) which gives the
number of radioactive decays per 1 second.
Weight activity — activity of a unit mass of sample; its unit is becquerel per
kilogram (Bq.kg™).
Volume activity — activity of a unit volume of sample. Its units are becque-
rel per cubic metre (Bq.m™) or becquerel per liter (Bq.I™).
Volume concentration — the amount of a radionuclide in a unit volume. Its
unit is milligram per liter (mg.1™).
Weight concentration — ratio of radionuclide weight to unit weight of the
matter. Designated Qg, Q, Q,, weight concentration for natu ral radio-
nuclides is given in % for K, in ppm for U and Th; 1 ppm = 10° g.g™.
Weight concentrations of particular components of natural radioactivity
determined by field gamma ray spectrometry are expressed as follows:
eU — U concentration in ppm of eU
e¢Th — Th concentration in ppm of eTh
K — potassium concentration in %.
Dose —absorbed dose — is the energy supplied by ionizing radiation to a mat-
ter divided by the weight of this matter; its unit is gray (Gy); 1 Gy = 1J.kg™.
Defined is the matter which absorbs the radiation.
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Ddvka — absorbovand ddvka — podiel energie odovzdanej ionizujucim Ziare-
nim latke a hmotnosti tejto latky. Jednotka je gray (Gy); 1 Gy = 1 J.kg™.
Definuje sa latka, v ktorej je Ziarenie absorbované.

Davkovy prikon — podiel prirastku davky dD v ¢asovom intervale dt a tohto
intervalu dt: D = df)/dt. Jednotka je Gy.s™. Davkovy prikon sa pouZiva na
vyjadrenie gama-Ziarenia hornin vo vzduchu, udava sa v nanograyoch za
hodinu (nGy.h™). Na stanovenie davkového prikonu gama-Ziarenia hornin
vo vySke 1 m nad rovinnym homogénnym horninovym prostredim sa pou-
Ziva prevodny vztah (LovBORG, 1984):

Da (nGy.h?) = 13,078K (%) + 5,675eU (ppm) + 2,494eTh (ppm)
Davkovy ekvivalent (H) — miera biologického u¢inku radioaktivneho Ziare-
nia v ludskom organizme. Je definovany vztahom:

H=D.Q.N,
kde D — absorbovana davka ionizujuceho Ziarenia v uvaZovanom bode
tkaniva
Q — akostny faktor Ziarenia
N — sucin dalsich modifikujucich faktorov
Jednotkou davkového ekvivalentu je 1 sievert (Sv) = J.kg*
(joule na kilogram)
Efektivny davkovy ekvivalent Hy vyjadruje uc€inky ionizacného Ziarenia na
[udsky organizmus. Je vdZenou strednou hodnotou davkovych ekvivalentov
v tkanivach a organoch Iudského tela. Jednotkou je Sv (J.kg™).
Hy,=Da.t.0,7,
kde t je doba expozicie
0,7 (Sv/Gy) je prevodny koeficient podla UNSCEAR (1988)
K., — koeficient radioaktivnej rovnovahy. Pre pomer medzi koncentra-
ciami Ra a U plati:

Ra
U.34.10

K. =

T

kde Ra a U su hmotnostné mnozstva Ra a U (g)
3,4 . 10’ rovnovazny stav medzi Raa U

Spektralne linie energie gamaziarenia na zistenie jednotlivych prirodnych
radionuklidov terénnej gamaspektrometrie:

uran — detekéna linia 2*Bi 1,76 MeV

térium — detekéna linia 2°°Th 2,62 MeV

draslik — detekéna linia “°K 1,46 MeV

Prevodné vztahy
1R =8,69.10° Gy
1 Ci (Curie) = 3,7.103°Bq
1% K v hornine = 313,00Bq.kg™ *°K
1 ppm U v hornine = 12,35Bq.kg™* *Ra
1 ppm Th v hornine = 4,06Bq.kg™* %*Th
1Sv=1Jkg!=100rem
1rem = 10° J.kg* = 102 Sv

1.9. Zakladné zakony a vyhlasky o problematike radioaktivity

Zakladny sucasne platny zakon, ktory nahradil Zakon ¢. 20/1966Zb. o sta-
rostlivosti o zdravie [udu, je zakon ¢. 272/19947b. o ochrane zdravia Iudu,
ktory ustanovuje prava a povinnosti organov Statnej spravy, obci, pravnic-
kych a fyzickych osob na useku ochrany zdravia [udi.

O ochrane zdravia pred nepriaznivymi uCinkami ionizujuceho Ziarenia
hovori 8 15tohto zakona.

Vyhlaska Ministerstva zdravotnictva Slovenskej republiky ¢. 651972 Zb.
o ochrane zdravia pred ionizujucim Ziarenim stanovuje zasady hodnotenia
radioaktivnej expozicie obyvatelov. V tabulkovej Casti sa podla jednotli-
vych prvkov a zlucenin ZiariCov uvadzaju najvysSie pripustné davky a medz-
né davky. Pri najvyssich pripustnych davkach je pravdepodobnost ochore-
nia vel'mi mala.

Od roku 1992 je v platnosti vyhlaska Ministerstva zdravotnictva SR
¢. 406/19920 poziadavkach na obmedzenie oZiarenia z radonu a dalSich
prirodnych radionuklidov.

Vyhlaska stanovuje hygienické poziadavky na ochranu zdravia pred
oziarenim, ktoré je sposobené vdychovanim radonu a jeho dcérskych
produktov z vnutorného ovzdusSia stavieb a pred vonkajsim oziarenim,
ktoré je sposobené Ziarenim z prirodnych radionuklidov v stavebnych
materialoch.
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Dose rate — increase in dose dD over a time interval divided by the length
of this interval dt: D = dD /dt; Its unit is Gy.s™. Dose rate is applied to as-
sess gamma radiation of rocks in the air and is given in nannograys per
hour (nGy.hr™). Dose rate of rock gammaradiation is determined 1 m above
a flat homogeneous rock environment through the following equation
(LovBorG L., 1984):
Da (nGy.hr*) = 13.078K (%) + 5.675U (ppm) + 2.494eTh (ppm)
Dose equivalent (H) — is a unit of biological impact of nuclear radiation on
human body defined by the equation:
H=D.Q.N,

where D — adsorbed dose of ionizing radiation in a given point of tissue

Q — quality factor of radiation

N — product of further modifying factors
Unit dose equivalent is 1 sievert (Sv) = 1J.kg™ (joule per kilogram).
Effective dose equivalent H, gives the impact of ionizing radiation on human
body. It is weighted mean dose equivalent in human tissues and organs; its
unit is Sv (m%s?)

H; = Da.t.0.7

where t is exposition time

0.7 (Sv/Gy) is a UNSCEAR (1988)conversion coefficient
K., — coefficient of radioactive equilibrium is Ra/U ratio calculated through
the formula:

Ra
U.34.10

T

where Ra and U are volume quantities of Ra and U
3.4.10" is an equilibrium state between Ra and U

Spectral lines of gamma-radiation energy used to identify individual consti-
tuents of natural radioactivity:

uranium — detection line “Bi 1.76 MeV

thorium — detection line 2°*°Th 2.62MeV

potassium — detection line °K 1.46 MeV

Conversion table
1R =8.69x10° Gy
1 Ci (Curie) = 3.7.10°Bq
1%K in rock = 313.00Bq.kg™* “°K
1 ppm U in rock = 12.35Bq.kg™ #**Ra
1 ppm Th in rock = 4.06Bq.kg™ 2*Th
1Sv=1Jkg?'=100rem
1rem = 10%J.kg* = 102 Sv

1.9. Basic Laws and Regulations Concerning Radioactivity

The currently valid Human Health Protection Act No. 272/1994 Coll.,
which has superseded the Human Health Care Act No. 20/1966 Coll.,
specifies the rights and obligations of state administration, towns and
villages, corporations and individuals in the field of human health pro-
tection.

Health protection from adverse impacts of ionizing radiation is dealt with
in 8 150f this law.

Slovak Health Ministry’s regulation No 65/1972Coll. specifies principles
to assess human exposition to radioactivity. The highest permissible doses
and limit radionuclide doses are tabulated as to elements and compounds.
The highest permissible doses were designed for human protection and,
unless exceeded, are very unlikely to cause illness.

Slovak Health Ministry’s Regulation No. 406 on Standards to Restrict
Irradiation from Radon and Other Natural Radionuclides has been effec-
tive since 1992.

This regulation determines hygienic standards for health protection from
irradiation due to inhalation of radon and its daughters from inner air of
structures and from outer irradiation due to radiation from natural radio-
nuclides in building materials.

8 2 of this regulation defines the area of low radon hazard as an area in
which measured volume radon activity in soil air is below 10 kBq.m? in
highly permeable, 20 kBqm?® in moderately permeable and 30 kBq.m? in
poorly permeable foundation soils. The term ,area of radon risk“ is of
special importance. It is defined as an area where radon concentrations
in soil air must be measured by determined techniques and where soil



V §2 vyhlasky sa najskor hovori o uzemi s nizkym radonovym rizikom. Je
definované ako uzemie, na ktorom sa meranim zistila objemova aktivita
radénu v podnom vzduchu mensia ako 10 kBq.m™ v dobre priepustnych,
20kBqg.m™ v stredne priepustnych a 30 kBq.m™v slabo priepustnych zakla-
dovych podach. Osobitny vyznam ma pojem ,uzemie s radonovym rizi-
kom*, ktoré si podla vyhlasky nevyhnutne vyZaduje meranie radéonu v pod-
nom vzduchu podla stanovenej metodiky aj kvalifikované hodnotenie prie-
pustnosti pody a geologickej stavby uzemia. Odvodené mapy radonového
rizika spracované pre uzemie celého Slovenska maju iba orienta¢ny vyznam
a nemoZzno podla nich robit jednoznaéné zavery pre konkrétnu stavebnu
parcelu.

8 3 sa zaobera vystavbou alebo prestavbou domov. Podla neho nesmie byt
v miestnosti uréenej na byvanie alebo pobyt osob (viac nez 1 000hodin roc-
ne) ekvivalentna objemova aktivita radénu v rocnom priemere vyssia ako
100 Bq.m™ a zaroven prikon davkového ekvivalentu gama Ziarenia nesmie
na fubovolnom mieste obytnej miestnosti vo vySke 1 m a vzdialenosti aspon
0,5m od stien presiahnut hodnotu 1 uSv.h™*. Tato poziadavka sa poklada
za splnenu, ak su budovy postavené na uzemi s nizkym radonovym rizikom,
zo stavebnych materidlov s hmotnostnou aktivitou ?*°Ra, ktora neprevysuje
120Bq.kg™ a ak sa v nich pouZiva voda s objemovou aktivitou radonu ne-
prevysujucou hodnotu 50 kBq.m™>. Zabezpedenie tychto podmienok je
povinnostou stavebnika, ktorému bolo vydané stavebné povolenie po na-
dobudnuti u¢innosti vyhlasky ¢. 406/19927Zb. Splnenie vyhlaskou stanove-
nej povinnosti ma v kompetencii okresny lekar v konaniach podla stavebné-
ho zdkona ako dotknuty organ Statnej spravy podla stavebného zakona
(v sucasnosti §tatny okresny hygienik). Ak sa zisti, Ze stavby su postavené na
uzemi s vy$Sou objemovou aktivitou radonu v pédnom vzduchu, treba ich
osobitne zabezpecit proti prenikaniu radonu z podloZia. To sa musi brat do
uvahy vo vSetkych fazach projekénej pripravy stavby.

V ovzdusi miestnosti starych stavieb urenych na byvanie alebo pobyt os6b
ma byt ekvivalentna objemova aktivita radénu v roénom priemere nizSia
ako 200Bq.m™. Ak nie je splnena tato podmienka, treba urobit stavebno-
technické upravy smerujuce na zniZenie oZiarenia z radénu. Ak je odpo-
rucana zasahova uroven prekrocena menej ako trojnasobne, odporuca sa
uskutoCnit jednoduché, menej nakladné opatrenia, a to najneskor do 10ro-
kov od zisteného stavu. Pri prekroceni zasahovej urovne 3 az 10-nasobne,
je nevyhnutné realizovat stavebno-technické upravy do troch rokov od
zistenia stavu. Pri 10 az 30-nasobnom prekroceni sa vzhladom na vysoku
naliehavost musia napravné opatrenia urobit do jedného roka. Prekrocenie
viac ako 30-nasobné si vyZaduje okamzité opatrenia.

V 84 sa hovori aj o prikone davkového ekvivalentu Ziarenia gama v [ubo-
vol'nom mieste priestoru uréeného na byvanie alebo pobyt osob. Nemal by
byt vyssi ako 2 uSv.h™. Pri prekroéeni tejto hodnoty je povinnostou maji-
tela budovy neZiaduci stav napravit. KedZe nevyhnutné opatrenia pri
3—10-nasobnom prekrocCeni su vel'mi nakladné,odporuca sa osoby z tych-
to priestorov vystahovat.

V §5sa hovori, Ze stavebné materialy, ktorych hmotnostna aktivita °Ra je
vicsia ako 120 Bq.kg™ je moZné pouZit na vystavbu len so stthlasom pri-
slusného statneho okresného lekara (v sucasnosti statneho okresného hy-
gienika) a za podmienok, ktoré stanovi na zaklade odborného posudenia
prislusného ustavu hygieny a epidemioldgie (Statny zdravotny ustav).

86 sa zaobera vodami. Zdroje vody pre zasobovanie obyvatelov, ktorych
objemova aktivita je vyssia ako 50 kBq.m™>, sa mdzu pouzivat len so suhla-
som $tatneho okresného lekara (v sicasnosti Statneho okresného hygieni-
ka) a za podmienok, ktoré uréi na zaklade postudenia prislusného ustavu
hygieny a epidemiologie (Statny zdravotny ustav).

Na posudzovanie akosti pitnej vody urCenej na zasobovaniu obyvatelstva st
v norme STN 75 7111 Pitnd voda stanovené tieto radiologické ukazovatele

permeability and geologic structure must be evaluated. Derived maps of
radon risk covering the whole Slovak territory have only orientative im-
portance and are inadequate for assessing individual building lots.

83 deals with the construction and reconstruction of houses. Annual ave-
rage radon volume activity in a room which should be occupied by humans
for more than 1 000hours a year cannot exceed 100Bq.m™ and at the same
time dose input of gamma-equivalent radiatian in any part of the room
1 m above the floor and at least 0.5 m from the walls cannot exceed
1 uSv.hr® This standard is met if structures located in a low-radon-radiati-
on area are build of materials whose 2?°Ra mass activity is less than
120 Bq.m™ and water used in them has Ra mass activity below 50 Bq.m>.
This is a responsibility of the builder who has been granted a building per-
mit after the regulation No. 406/1992 Coll. had become effective. Struc-
tures erected in areas with higher radon volume activity in soil air must be
secured against radon emanations from the the substratum. This reguire-
ment must be born in mind in all stages of projecting the structure. Average
annual radon equivalent volume activity in rooms designed for living or
dwelling of humans must be below 200Bq.m. If this limit is exceeded, buil-
ding-technical modifications must be made to reduce radon radiation. If the
actual activity is less than three times the limit, simple and inexpensive mea-
sures should be taken not later than 10 years since the above-limit activity
was detected. If the activity is 3 to 10 times the limit, building-technical
modifications must be made within three years. The activity 10to 30 times
the limit requires remedial measures to be taken within one year, and acti-
vity above 30 times the limit implies immediate measures.

84 also stipulates that equivalent dose input of gamma radiation in any
point of a room designed for living or dwelling of humans should not exce-
ed 2 uSv.hrk. If the limit is exceeded, the building owner is obligated to
take remedial measures. As the remedial measures are expensive, it is
recommended to relocate humans from these rooms if the limit has been
exceeded 3—10times.

§5 determines that building materials whose 2*°Ra mass activity is over
120Bq.kg* can be used only with permission and under conditions speci-
fied by an authorized state district physician and based on report by a rele-
vant institute of hygiene and epidemiology (state health institute).

86 deals with waters. Water sources whose volume activity exceeds
50 Bg.kg™ can be used to supply humans only with permission and under
conditions specified by a state district physician (currently by state district
health officer) based on a report by a relevant institute of hygiene and epi-
demiology (state health institute).

If indication values of respective indices are exceeded, further more de-
tailed investigations of water quality are necessary or it must be assessed by
an organ of hygiene service.

Total volume alpha activity

It applies to potable water from surface and underground sources. If the
indication value is exceeded, the activity of *°Ra is determined and pos-
sibly also other radionuclides on orders from an organ of hygiene service.
Total volume beta activity

It applies to drinking water from surface sources. If the activity is exceeded,
weight concentration of potassium is determined. Corresponding K 40
volume activity is then deducted from S, . and the result is compared with
a limit. If the limit is exceeded, further radionuclides are determined in
accordance with instructions from a hygiene service.

Slovak state standard No. 75 7111 — Drinking water specifies radiologic
indices to assess the quality of drinking water for humans (Tab. 4).
Whenever the indicative value of any single index is exceeded, the water qua-
lity must be analysed in more detail and/or evaluated by the hygienic autho-
rity. Total volume alpha activity applies to drinking water from both surface

RADIOLOGICKE UKAZOVATELE PRE PITNU VODU TAB. 4 RADIOLOGIC INDICES FOR POTABLE WATER
Ukazovatel Symbol Jednotka Indika¢na hodnota
Indicator Symbol Unit Indicative value
53 celkova objemova aktivita alfa / total alpha volume activity a*vc’® Bq.It 0,1
54 celkova objemova aktivita beta / total beta volume activity atvch Bqg.I* 1,0
55 objemova aktivita radonu 222 / radon 222 volume activity a®vRn222 Bqg.I* 20

Pri prekroceni indika¢nej hodnoty jednotlivého ukazovatela su potrebné
dalSie, podrobnejSie vySetrenia akosti vody, resp. posudenie organom
hygienickej sluzby.

and undergroud sources. When the indicative value is exceeded, the activity
of ?°Ra and possibly also of other radionuclides is determined in accordance
with a hygienic authority instruction. Total beta volume activity applies to

19



Celkova objemova aktivita alfa sa tyka pitnej vody z povrchovych a pod-
zemnych zdrojov. Pri prekroceni indika¢nej hodnoty sa stanovuje aktivita
22°Ra a pripadne dalsich radionuklidov podla pokynu organu hygienickej
sluzby. Celkova objemova aktivita beta sa tyka pitnej vody z povrchovych
zdrojov. Pri prekroceni sa stanovuje hmotnostna koncentracia draslika a jej
zodpovedajica objemova aktivita “°K sa od¢ita od a, B, rozdiel sa porovna
s indika¢nou hodnotou a pri prekroceni sa stanovuju dalSie radionuklidy
podla pokynu organu hygienickej sluzby. Objemova aktivita radénu 222 sa
tyka pitnej vody z podzemnych zdrojov. Pri prekrocCeni sa zhodnoti a,,
a pripadne sa stanovuje objemova aktivita 2°Ra a dalsich radionuklidov
podla pokynu organu hygienickej sluzby.

Norma STN 01 1308stanovuje zakladné pojmy, veliCiny a jednotky jadro-
vej fyziky.
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potable water from surface sources. If it is exceeded, potassium weight con-
centration is determined and the corresponding “°K volume activity is
deducted from a,B. If the difference exceeds the indicative value, further
radionuclides are determined according to a hygienic authority instruction.
Radon 222 volume activity applies to drinking water from underground
sources. If exceeded, a,, is evaluated and the volume activity of ?°Ra and
other radionuclides may be determined according to a hygienic authority
instruction.

The Slovak technical standard 01 1308defines essential terms and units of
nuclear physics.



2. GEOLOGICKA CHARAKTERISTIKA UZEMIA
SLOVENSKEJ REPUBLIKY

2.1. Struény prehlad geologickej stavby Slovenska

Z geologického hladiska uzemie Slovenska tvoria Zapadné Karpaty (mapa
GEO). Podla veku tektonickej individualizacie geologickych jednotiek ich
delime na vonkajSie a vnutorné.

Vonkajsie Zapadné Karpaty predstavuju jednotky flySového pasma (magur-
sky a krosniansky flyS), presunuté v terciéri na okraj europskej platformy.
Litologicky su zastupené prevazne pieskovcami, ilovcami a zlepencami.
Bradlové pasmo je samostatna tektonicka jednotka situovana medzi von-
kajsSimi a vnatornymi Zapadnymi Karpatmi. Zahrna dve zakladné jednot-
ky: czorsztynsku s plytkovodnymi karbonatickymi faciami a hlbokovodnu
kysucko-pieninsku, ktoré boli postihnuté viacerymi fazami vrasnenia jed-
nak spolu s vnatornymi, ale najmé s vonkaj§imi Zapadnymi Karpatmi.
Vnutorné Karpaty boli tektonicky individualizované v strednej kriede. Hlavné
tektonické jednotky vnutornych Zapadnych Karpat su od severu k juhu roz-
delené na pasmo jadrovych pohori, veporské pasmo a gemerské pasmo.
Pasmo jadrovych pohori je budované tatrikom, ktoré zahrfna krystalini-
kum reprezentované najma granitoidmi a obalové (autochtonne) jednotky
s vrstevnym sledom zacinajucim vrchnopaleozoickym, CastejSie vSak az
spodnotriasovym suvrstvim arkéz az kremitych pieskovcov. Vrstevny sled
pokracuje vapencami a dolomitmi stredného triasu a variabilne vapenca-
mi, dolomitmi, slienovcami, bridlicami a pieskovcami vrchného triasu az
spodnej kriedy. Opakovanie mezozoickych vrstevnych sledov reprezentuju
prikrovy fatrika (predovSetkym kriznansky prikrov) a hronika (chocsky
prikrov).

Veporské pasmo pozostava z krystalinika (granitoidy a metamorfity) a vy-
razne redukovaného obalového mezozoika (kremité pieskovce, bridlice,
vapence a dolomity), ktoré spolo¢ne reprezentuju veporikum nasunuté na
tatrikum. Nad veporikom lezi v prikrovovej pozicii hronikum a silicikum
(silicky prikrov) reprezentované najmé vapencami a dolomitmi triasu.
Gemerské pasmo je najjuZznejSou jednotkou Zapadnych Karpat. Tvoria ho
slabo metamorfované staropaleozoické horniny flySového charakteru a mla-
dopaleozoicky obal s citeIne redukovanym mezozoickym sledom. Tento hor-
ninovy komplex reprezentuje gemerikum, ktoré je nasunuté na veporikum.
Nad gemerikom a juzne od neho lezia prikrovy meliatika, turnaika a silicika
litologicky pozostavajuce predovsetkym z mezozoickych karbonatov.
Vnutrokarpatsky paleogén (zlepence, pieskovce, bridlice) spolu s reliktmi
vrchnokriedovych sedimentov a neogénnymi sedimentarnymi panvami (zle-
pence, pieskovce, ilovce, vapnité ilovce, ojedinele karbonaty a uhlie) pred-
stavuje posttektonicki molasu. Neogénne vulkanity a vulkanosedimen-
tarne horniny (miocén) su produktom zaoblikového vulkanizmu s domi-
nantnym zastipenim andezitov.

2.2. Charakteristika Slovenska z hladiska litotypov/ litofacii

Horniny vystupujuce na uzemi Slovenska (rozloha 49 035km?) sa na zakla-
de litologickych, regionalnogeologickych a stratigrafickych kritérii zacCle-
nuju do 64 suborov reprezentujucich vsetky hlavné litotypy/litofacie (MAR-
SINA et al., 1995).Vsetky litotypy/litofacie su zobrazené na Mape litogeo-
chemickych typov Slovenska (mapa LG), a to bud ako jednoduché litotypy,
alebo ako subory litotypov, ktoré pre ich vel'kost a vzajomné striedanie sa
v suvrstviach nie je mozné oddelit. Legenda k mape obsahuje spolu 54
plosne zobrazitelnych poloziek (tab. 5).

Vy¢lenené litotypy Slovenska su v stru¢nosti charakterizované v nasleduju-
com texte, priCom sa uvadzaju tie akcesorické mineraly, ktoré mozu byt
zdrojom radioaktivity.

I — GRANITOIDY
I a. Tatrikum a veporikum

Gt-1 predstavuju amfibolicko-biotitické diority, ktoré zvacsa tvoria len men-
Sie telesa s rozmermi niekol'kych metrov aZ prvych dekametrov. Zname su
z Malych Karpat, Nizkych a Vysokych Tatier, StraZovskych vrchov, Ciernej
hory, zo Ziaru a Malej Fatry. Akcesorické mineraly: zirkdn a allanit.

Gt-2 reprezentuju tonality tatrika a veporika, su reprezentované Styrmi typmi
hornin:

2. GEOLOGICAL STRUCTURE OF SLOVAKIA
2.1. A brief review of the geological structure of Slovakia

Geologically, the Slovak territory is covered by the West Carpathians (map
GEO). As far as the age of tectonic individualisation of their geological
units is concerned the West Carpathians can be divided into the Outer and
Inner Carpathians.

The Outer West Carpathians are represented by the flysch belt units (the
Magura and Krosno flysch), which were thrust over the margin of the Euro-
pean platform during the Tertiary period. Sandstones, mudstones and con-
glomerates are the predominant lithotypes.

The Klippen belt is an independent tectonic unit situated between Outer
and Inner West Carpathians. It comprises two basic units: the Corstyn
Unit, composed of the shallow water carbonate facies and a deep water
Kysuce-Pieniny Unit. Both units were involved in several stages of folding,
which occurred in conjunction with either the Inner, or, what is more
important, with the Outer West Carpathians.

Tectonic individualisation of the Inner West Carpathians has taken place
during the Middle Cretaceous period. Principal tectonic units of the Outer
West Carpathians have been divided, from north to south, into following
belts: the Core mountain belt, the Veporicum belt and the Gemericum belt.
The Core mountain belt is made up of the Tatricum Unit, composed of cry-
stalline rocks with predominating granitoids and of the cover (autochthonous)
units which starts with Upper Paleozoic, but more often with a Lower Triassic
clastic arcosic to siliceous quartzite formation. The superposed lithologies inc-
Iude also Middle Triassic limestones and dolomites and variable volumes of
Upper Triassic and Lower Cretaceous limestones, dolomites, marlstones, sha-
les and sandstones. The Mesozoic sequences were thrust once again as the
Fatric (mainly Krizna nappe) and Hronic (Cho¢ nappe) nappes.

The Veporicum belt comprises crystalline rocks (granitoids and metamor-
phic rocks) and a considerably reduced Mesozoic cover (siliceous sandsto-
nes, shales, limestones and dolomites), making together the Veporicum
Unit. This unit is thrust northwards over the Tatricum Unit. The Vepori-
cum Unit is overlain by the Hronicum and Silicicum (Silica nappe) nappes,
represented mainly by Triassic limestones and dolomites.

The Gemericum belt is the southernmost unit of the West Carpathians. Com-
posed of low metamorphosed Early Paleozoic rocks of the flysch character
and of Late Paleozoic cover with a strongly reduced Mesozoic sequence of
beds, this rock complex represents, in fact, the Gemericum Unit, thrusted
northward over the Veporicum Unit. The Gemericum Unit, as well as the area
south of it, are overlain by the Meliaticum, Turnaicum and Silicicum nappes,
all composed predominantly of Mesozoic carbonate rocks.

The Inner Carpathian Paleogene (conglomerates, sandstones, shales) with
the relics of Upper Cretaceous sediments and with the Neogene sedimen-
tary basins (conglomerates, sandstones, mudstones, limy mudstones and
rare carbonates and coal) represent a post-tectonic molasse. The Neogene
volcanics and volcano-sedimentary rocks (Miocene) are products of back-
-arc volcanism, in which andesites are a predominating lithology.

2.2. Slovakia’s Characteristics as to its Lithotypes/Lithofacies

On the basis of lithological, regional geological and stratigraphic criteria,
rocks found in the Slovak territory (49035km?) were divided into 64
groups representative of all major lithotypes/lithofacies (MARSINA et al.
1995).All lithotypes/lithofacies are marked on the Map of lithogeochemical
types in Slovakia (map LG) either as single lithotypes or a set of lithotypes
which, because of their size and mutual alternations in formations, cannot
be separated from each other. The legend to the map contains a total of 54
items which can be areally illustrated (Tab. 5).

The above lithotypes are briefly characterized in the following text. The
description focuses on those accessory minerals which can be radioactive.

I — GRANITOIDS

I a. Tatricum and Veporicum

Gt-1 consists of amphibole-biotite diorites which largely constitute fairly
small bodies several metres or tens of metres in size. They are found in the

Mal¢ Karpaty, Nizke Tatry, Vysoké Tatry, StraZovska hornatina, Cierna
hora, Ziar and Mala Fatra Mts. Accessory minerals: zircon and allanite.
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LITOGEOCHEMICKE CLENENIE HORNIN SLOVENSKA

TAB. 5

LITHOGEOCHEMICAL CLASSIFICATION OF SLOVAKIA’S ROCKS

Index litotypu
Lithotype index

Litologicko-petrograficka charakteristika / Lithologic-petrographic characteristics

Geochemické typy hornin
Geochemical rock types

NEOGENNE SEDIMENTY / NEOGENE SEDIMENTS

1 Sladkovodné vapence-travertiny / Freshwater limestones - travertines
2 in, piesky, Strky + polohy lignitu / Clays, sands, gravels * lignite layers Ne-1, 3
3 ily, piesky, tufitické a vulkanomiktné sedimenty + polohy lignitu / Clays, sands, tuffaceous and volcanomictic sediments = lignite beds Ne-1, 3, 6
4 Vapnité ilovce a siltovce / Calcareous claystones and siltstones Ne-2, 4
5 Vapnité ilovce, pieskovce, strky, vapence, polohy lignitu / Calcareous claystones, sandstones, gravels, limestones, lignite beds Ne-2, 3,4,5
6 Vapnité ilovce, pieskovce, strky, vapence, tufitické a vulkanomiktné sedimenty Ne-2, 3,4,5, 6
Calcareous claystones, sandstones, gravels, limestones, tuffaceous and volcanomictic sediments
7 Vapnité ilovce, pieskovce, strky, vapence, evapority / Calcareous claystones, sandstones, gravels, limestones, evaporites Ne-2, 3,4, 5
NEOGENNE VULKANITY / NEOGENE VOLCANICS
8 Alkalické bazalty / Alkali basalts Nv-10
9 Bazalty a bazaltické andezity / Basalts and basaltic andesites Nv-1
10 Pyroxenické a amfibolicko-pyroxenické andezity / Pyroxene and amphibole-pyroxene andesites Nv-2
11 Pyroxenicko-amfibolické, amfibolické a biotiticko-amfibolické andezity az dacity Nv-3
Pyroxene-amphibole, amphibole and biotite-amphibole andesites to dacites
12 Propylitizované andezity, andezitové porfyry, dioritové porfyry a diority Nv-5, 6
Propylized andesites, andesite porphyries, diorite porphyries and diorites
13 Granodiorit, granodioritové porfyry, kremito-dioritové porfyry / Granodiorite, granodiorite porphyries, quartz-diorite porphyries Nv-7, 8, 9
14 Ryodacity a ryolity / Rhyodacites and rhyolites Nv-4
VNUTROKARPATSKY PALEOGEN / INNER CARPATHIAN PALEOGENE
15 ilovce, slienovce, pieskovce, zlepence, vapence + uhlie, paleogén budinskeho wvoja Ne-3, 4
Claystones, marlstones, sandstones, conglomerates, limestones * coal, Buda Paleogene
16 Pieskovce, podradné ilovce — bielopotocké suvrstvie / Sandstones, minor claystones - Biely potok Formation Pg-2, 4
17 Vapnité ilovce, pieskovce — hutianske a zuberecké suvrstvie / Calcareous claystones, sandstones - Huty and Zuberec Formation Pg-1, 2
18 Pieskovce, zlepence, brekcie, vapence — borovské suvrstvie / Sandstones, conglomerates, breccias, limestones - Borové Formation Pg-3
KRIEDA A PALEOGEN VONKAJSICH KARPAT / OUTER CARPATHIAN CRETACEOUS AND PALEOGENE
19 Prevazne pieskovce, podradné ilovce, flys magurskej jednotky / Mostly sandstones, minor claystones, Magura flysch Pg-7, 8
20 Pieskovce a ilovce, flys magurskej jednotky / Sandstones and claystones, Magura flysch Pg-7, 8
21 Prevazne ilovce, podradné pieskovce, flys magurskej jednotky / Mostly claystones, minor sandstones, Magura flysch Pg-7, 8
22 Prevazne pieskovce, podradné ilovce, flys duklianskej (sliezskej) jednotky / Mostly sandstones, minor claystones, Dukla (Silesian) flysch Pg-5, 6
23 Pieskovce a ilovce, flys duklianskej (sliezskej) jednotky / Sandstones and claystones, Dukla (Silesian) flysch Pg-5, 6
24 Prevazne ilovce, podradné pieskovce, flys duklianskej jednotky / Mostly sandstones, minor claystones, Dukla (Silesian) flysch Pg-5, 6
ILOVITO-PIESCITE SEDIMENTY KRIEDY A PALEOGENU BRADLOVEHO PASMA, TATRIKA A HRONIKA
CRETACEOUS AND PALEOGENE CLAYEY-SANDY SEDIMENTS OF KLIPPEN BELT, TATRICUM AND HRONICUM
25 Sliene, karbonatické pieskovce, zlepence, vapence, prevazne vapnité flySe Mz-3, 9, 11
Marls, carbonatic sandstones, conglomerates, limestones, mostly carbonatic flysches
26 Pestré slienovce / Variegated marlstones Mz-3
MEZOZOIKUM BRADLOVEHO PASMA A CENTRALNYCH ZAPADNYCH KARPAT / MESOZOIC OF KLIPPEN BELT AND CENTRAL WEST CARPATHIANS
27 Vapence / Limestones Mz-1
28 Vapence a dolomity / Limestones and dolomites Mz-1, 6
29 Dolomity / Dolomites Mz-6
30 Vapence, dolomity a bridlice (fylity) / Limestones, dolomites and shales (phylites) Mz-1, 6, 8
31 Vapence, dolomity, bridlice (fylity) a mafické vulkanity / Limestones, dolomites and shales (phylites) and mafic volcanics Mz-1, 6, 8, 12
32 Prevazne ilovité vapence, slienovce + piescité a kremité vapence / Mostly clayey limestones, marlstones + sandy and quartzy sandstones Mz-2
33 Piescité, skvrnité, hluznaté, kremité a rohovcové vapence = silicity / Sandy, spotted, nodular, siliceous and cherty limestones + silicites Mz-4, 5
34 Bridlice, pieskovce, vapence / Shales, sandstones, limestones Mz-1, 8, 10
35 Bridlice, pieskovce, vapence = radiolarity, evapority / Shales, sandstones, limestones + radiolarites, evaporites Mz-1, 5, 8, 10
36 Pestré bridlice, pieskovce, dolomity + evapority, karpatsky keuper Mz-7, 8, 10
Variegated shales, sandstones, dolomites + evaporites, Carpathian Keuper
37 Kremence, pieskovce, ilovité bridlice, lunzské vrstvy a spodny trias tatrika a veporika Mz-8, 10

Quartzites, sandstones, shales, Lunz Member and Lower Triassic of Taricum and Veporicum
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LITOGEOCHEMICKE CLENENIE HORNIN SLOVENSKA

TAB. 5 - POKR. / CONT.

LITHOGEOCHEMICAL CLASSIFICATION OF SLOVAKIA’S ROCKS

Index litotypu
Lithotype index

Litologicko-petrograficka charakteristika / Lithologic-petrographic characteristics

Geochemické typy hornin
Geochemical rock types

38 Pieskovce, vapnité bridlice, vapence + evapority, spodny trias hronika a silicika Mz-1, 8, 10
Sandstones, shales, limestones + evaporites, Lower Triassic of Hronicum and Silicicum
MLADSIE PALEOZOIKUM CENTRALNYCH ZAPADNYCH KARPAT / LATE PALEOZOIC OF CENTRAL WEST CARPATHIANS
39 Bridlice, pieskovce, zlepence + kyslé vulkanity, mladsie paleozoikum tatrika, veporika, hronika, zemplinika Pz-12, 13
Shales, sandstones, conglomerates + acid volcanics, Late Paleozoic of Tatricum, Veporicum, Hronicum, Zemplinicum
40 Intermediarne a mafické vulkanity / Intermediate and mafic volcanics Pz-14
41 Zlepence, pieskovce, bridlice * vulkanity, karbonaty / Conglomerates, sandstones, shales * volcanics, carbonates Pz-6, 7, 8, 9, 10, 11

STARSIE PALEOZOIKUM GEMERIKA / EARLY PALEOZOIC OF GEMERICUM

42 Prevazne metapieskovce a fylity + mafické vulkanity / Mostly metasandstones and phyllites + mafic volcanics Pz-1,2,3
43 Prevazne mafické vulkanity / Mostly mafic volcanics Pz-4

44 Prevazne metapieskovce a fylity + kyslé vulkanity, karbonaty, lydity / Mostly metasandstones and phyllites + acid volcanics, carbonates, lydites Pz-1, 2, 3,5
45 Prevazne kyslé vulkanity / Mostly acid volcanics Pz-3

KRYSTALINIKUM TATRIKA A VEPORIKA / CRYSTALLINE UNITS OF TATRICUM AND VEPORICUM

46 Metapsamity, fylity, svory + metavulkanity, karbonaty / Metapsamittes, phyllites, mica schists + metavolcanics, carbonates Mt-1, 3
47 Ruly az migmatity + fylonity / Gneisses to migmatites + phyllonites Mt-2, 4, 7
48 Amfibolity + amfibolické ruly / Amphiboles + amphibole gneisses Mt-5

49 Prevazne kyslé az intermediarne vulkanity, komplex Janovho gruna / Mostly acid to intermediate volcanics, Janov gran Complex Mt-6

PLUTONITY CENTRALNYCH ZAPADNYCH KARPAT / PLUTONIC ROCKS OF CENTRAL WEST CARPATHIANS

50 Diority / Diorites Gt-1
51 Tonality / Tonalites Gt-2
52 Granodiority az granity / Granodiorites to granites Gt-3
53 Leukokratne granity / Leucocrate granites Gt-4
54 Granity gemerika / Gemeric granites Gt-6

a. Biotitické tonality tatrika sa s vynimkou Ziaru vyskytujui vo vietkych ja-
drovych pohoriach. Akcesorické mineraly zirkon, allanit, monazit.

b. Hybridné biotitické tonality. V mensej miere sa nachadzaji v Ciernej
hore, Nizkych Tatrach, Malej Fatre, Malej Magure a v Ziari. Akceso-
rické mineraly: zirkon, monazit, allanit.

c. Biotitické tonality az granodiority typu Sihla vystupuju najma v zapad-
nej Casti veporského masivu. Akcesorické mineraly: titanit, allanit.

d. Hybridné biotitické tonality az granodiority vystupuja na juhovychod-
nom okraji centralneho granitoidného telesa a v oblasti kohutskeho pas-
ma. Akcesorické mineraly. zirkdén, monazit, allanit.

Gt-3 su granodiority az granity tatrika a veporika a su reprezentované Styr-

mi hlavnymi typmi hornin:

a. Biotitické a dvojsludné granodiority sa vyskytuju v r6znom zastupeni
vo vSetkych jadrovych pohoriach. Akcesorické mineraly: zirkon, mona-
zit, allanit.

b. Dvojsludné granity tatrika sa vyskytuju v kazdom jadrovom pohori.
Zdrojom radioaktivity mozu byt niektoré pritomné akcesorické mine-
raly ako zirkon, monazit, allanit, xenotim.

c. Porfyrické granodiority aZ granity typu Vepor tvoria najvicSie masy gra-
nitoidov vo veporiku (masiv Kohtta a Stolice). Akcesorické mineraly:
zirkon, allanit.

d. Masivne tonality-granodiority vystupuju v najjuznejSom pasme veporika
v oblasti od Krokavy-priehrady v Lubeniku az do oblasti Hladomorne;j
doliny. Akcesorické mineraly: zirkon, allanit.

Gt-4 tvoria leukogranity tatrika a veporika a patria sem tri hlavné typy hornin:

a. Leukogranitoidy tatrika, ktoré sa vyskytuju vo vSetkych jadrovych po-
horiach. Z akcesorickych mineralov su pritomné zirkon a monazit.

b. Leukogranitoidy v juznej Casti veporika (pasmo Kohuta) intruduju do
niz§ie metamorfovanych hornin paleozoika. Akcesorické mineraly: zir-
kon a monazit.

c. Granity typu Hroncok vystupuju od oblasti Kamenistej doliny a jej
styku s dolinou Hroncok, novsie aZ v oblasti Cierneho Balogu. Akce-
soricky mineral: zirkon.

Gt-5 predstavuju pegmatity a aplity tatrika. Akcesorické mineraly. pyro-

chloér, kolumbit-tantalit. Typické pre tieto horniny su zvySené hodnoty

YaU.

Gt-2 includes Tatric and Veporic tonalites made up of four rock types:

a) Biotite tonalites of the Tatricum occur in all core mountains except for
the Ziar. Accessory minerals: zircon, allanite, monazite.

b) Hybrid biotite tonalites. Small quantities are present in the Cierna hora,
Nizke Tatry, Mala Fatra, Mala Magura and Ziar. Accessory minerals:
zircon, monazite, allanite.

c¢) Sihla-type granodiorites to biotite tonalites present chiefly in the wes-
tern sector of the Vepor Massif. Accessory minerals: titanite, allanite.

d) Hybrid biotite tonalites to granodiorites are found on the southeastern
edge of the central granitoid body and in the Kohut zone. Accessory mi-
nerals: zircon, monazite, allanite.

Gt-3 are Tatric and Veporic granodiorites to granites composed of four ma-

jor rock types:

a) Biotite and two-mica granodiorites are present in various amounts in all
core mountains. Accessory minerals: zircon, monazite, allanite.

b) Tatric two-mica granites occur in each core mountain. Their radioactivity
can be caused by some accessory minerals, such as zircon, monazite,
allanite xenotime.

¢) Vepor-type porphyric granodiorites to granites dominate Veporic
granitoids (Kohut and Stolica Massifs). Accessory minerals: zircon,
allanite.

d) Massive tonalites-granodiorites occur in the southernmost Veporicum
from Krokava through Lubenik dam as far as Hladomorna dolina Valley.
Accessory minerals: zircon, allanite.

Gt-4 comprises Tatric and Veporic leucogranites which in turn include 3

main rock types:

a) Tatric leucogranitoids widespread in all core mountains. Accessory
minerals: zircon, monazite.

b) Leucogranitoids in southern Veporicum (Kohut zone) intrude mildly me-
tamorphosed Paleozoic rocks. Accessory minerals. zircon, monazite.

c¢) Hroncok-type granites are found in the Kamenista dolina Valley and its
contact with the Hronéok Valley and recently also in the Cierny Balog
area. Accessory mineral: zircon.

Gt-5 comprises Tatric pegmatites and aplites. Accessory minerals. pyro-

chlore, columbite-tantalite. These rocks typically have increased Y and

U contents.

23



I b. Gemerikum

Gt-6 tvoria gemerické granitoidy. Su to stredne az hrubozrnné, miestami
drobnozrnné, ale aj nevyrazné porfyrické horniny ruZovkastoSedej farby.
Zdrojom radioaktivity moze byt aj pritomny akcesoricky mineral zirkon.

Il — METAMORFITY

Mt-1 — metapelity.Bridlice, fylity a svory predstavuju derivaty pelitickych
sedimentov. Takéto horniny vystupuju v krystaliniku Malych Karpat najma
na okraji bratislavského masivu a medzi Pernekom a Pezinkom. Vo veporiku
sa vyskytuju v komplexe Hladomornej doliny. V tatriku su svory zastupené
v krystaliniku Malych Karpat, v Zapadnych Tatrach, v Povazskom Inovci.
Vo veporiku vystupuju v hronskom komplexe, v komplexe Ostrej, Sinca,
klenovskom a lovinobanskom komplexe.

Mt-2 — metapelity. Pararuly a migmatity bohaté na sillimanit a granat vystu-
puju takmer vo vSetkych jadrovych pohoriach tatrika, ako aj vo veporiku.
Mt-3 — metapsamity. Bridlice predstavuju metasedimenty s va¢Sim zastu-
penim kremena. NajvicSie zastupenie maju v Malych Karpatoch, kde
vystupuju v bratislavskom a modranskom masive.

Mt-4 —metapsamity. Ruly aZ metakvarcity su vysSie metamorfované ekvi-
valenty sedimentov psamitického zloZenia bohatych na kremen.

Mt-5 —metabazity. Zelené bridlice a amfibolity, teda bazické metamorfity.
Nachadzaju sa v Malych Karpatoch, Zapadnych Tatrach, Dumbierskych
Nizkych Tatrach, v Malej Fatre, Tribe¢i a v hronskom a [ubietovskom kom-
plexe veporika.

Mt-6 — metavulkanity kyslé az intermediarne (metaryolity, metadacity) sa
vyskytuju v komplexe Janovho Grana vo veporiku.

Mt-7 —metagranitoidy (ortoruly, mylonity) vystupuju v migmatitizovanych
komplexoch tatrika (Dumbierske Tatry, Zapadné Tatry, Mala Fatra) i vepo-
rika.

Il — PALEOZOIKUM
111 a. Starsie paleozoikum gemerika

Pz-1 — psamity. Pieskovce starSieho paleozoika, patria medzi kremenné
a litické metadroby.

Pz-2 — pelity. Siltovce s variabilnym obsahom semigrafitu. NajrozsirenejSie
su sericitové a chloritovo-sericitové metapelity. Vyssi obsah zirkonu moze
byt pri¢inou vyssej radioaktivity.

Pz-3 — acidne vulkanity a vulkanoklastika.Prevladaju ryolitové vulkano-
klastika. Zlozenim zodpovedaju ryolitovym a dacitovym tufom a tufitom,
mensSia Cast kremitym andezitovym vulkanoklastikam. VysSSie obsahy sto-
povych prvkov Zr a U mo6zu byt pri¢inou vySSej radioaktivity.

Pz-4 — intermediarne a bazické vulkanity a vulkanoklastika. Vystupuju najméa
v rakoveckej skupine. VysSie obsahy stopovych prvkov Li, Y, Zr, La a Ce
mozu byt pri¢inou vysSej radioaktivity.

Pz-5 — lydity. Tvoria tenkovrstevnaté telesa spolu s Ciernymi fylitmi a kar-
bonatmi.

III b. Mladsie paleozoikum gemerika

Pz-6 —psamity. Byvaju Castym ¢lenom v karbonskych i v permskych horizontoch.
Pz-7 —pelity, siltovce. V karbonskych pelitoch je primes detritu tvoreného
najma kremenom a klastickymi sludami, v permskych su okrem toho aj
ulomky réznych typov hornin. Vyssi obsah stopovych prvkov Y a Zr moze
byt pri¢inou vysSej radioaktivity.

Pz-8 —acidne vulkanity a vulkanoklastika. NajrozSirenejSie su v permskych
sekvenciach severného i juzného gemerika. VysSie obsahy stopovych prv-
kov Zr, Y a U mozu byt pri¢inou vysSej radioaktivity.

Pz-9 —intermediarne a bazické vulkanity a vulkanoklastika. Najvacsie roz-
Sirenie maju v sekvenciach karbonu v severogemerickej zone, v mensom
mnozstve aj v perme severogemerickej zony.

Pz-10 — vapence V jednotkach mladSieho paleozoika gemerika vystupuju
v spodnokarbonskom ochtinskom suvrstvi i v ¢rmelskej skupine a vo vrch-
nokarbonskom zlatnickom suvrstvi. Z karbonatovych mineralov dominuje
kalcit, sporadicky je dolomit.

Pz-11 —dolomity a magnezity. Skupina karbonatov asociovana spolu s va-
pencami, z nich magnezity sa vyskytuju najmé v spodnom karbone. Hlav-
nymi karbonatovymi mineralmi su dolomit a magnezit.
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I b. Gemericum

Gt-6 consists of Gemeric granitoids. They are medium- to coarse-grained,
but also slightly porphyric rocks of pinkish-gray colour. Their radioactivity
may be caused by accessory zircon.

Il — METAMORPHIC ROCKS

Mt-1 — Metapelites: shales, phyllites and mica schists are derivatives of
pelitic sediments. These rocks are found in the Malé Karpaty crystalli-
ne, notably on the edge of the Bratislava Massif and between Pernek
and Pezinok. In the Veporicum, they occur in the Hladomorna dolina
Complex. In the Tatricum, mica schists are present in the Malé
Karpaty, Zapadné Tatry and PovaZsky Inovec crystallines. In the
Veporicum, they occur in the Hron, Ostra, Sinec, Klenovec and Lovino-
bana Complexes.

Mt-2 —Metapelites: Paragneisses and migmatites rich in sillimanite and gar-
net occur almost in all Tatric core mountains as well as in the Veporicum.
Mt-3 — Metapsammites: schists are quartz-rich metasediments. They are
most widespread in the Malé Karpaty — in Bratislava and Pezinok Massifs.
Mt-4 —Metapsammites: gneisses to metaquartzites are higher-grade-meta-
morphosed equivalents to the quartz-rich psammite sediments.

Mt-5 — Metabasites: green schists and amphibolites are metamorphosed basic
rocks. They occur in the Malé¢ Karpaty, Zapadné Tatry, Dumbier-sector of the
Nizke Tatry, Mala Fatra, Tribe¢, Hron and Lubietova Complexes of the Veporicum.
Mt-6 — Metavolcanics — acid to intermediate (metarhyolites, metadacites)
are confined to the Janov Grun Complex in the Veporicum.

Mt-7 — Metagranitoids (orthogneisses, mylonites) are found in migmatiti-
zed complexes of the Tatricum (Dumbierske Tatry, Zapadné Tatry, Mala
Fatra) and Veporicum.

Il — PALEOZOIC
111 a. Early Paleozoic of the Gemericum

Pz-1 — Psammites — Early Paleozoic sandstones comprise quartzy and li-
thic metagraywackes.

Pz-2 — Pelites, Siltstones with variable content of semigraphite. Sericite
and chlorite-sericite metapelites are most widespread. Higher zircon con-
tents may result in increased radioactivity.

Pz-3 — Acid volcanics and volcanoclastics dominated by rhyolite volcano-
clastics. Their composition corresponds to rhyolite and dacite tuffs, tuffites
and rarely to quartzy andesite volcanoclastics. Higher contents of trace ele-
ments Zr and U may cause increased radioactivity.

Pz-4 —Intermediate and basic volcanics and volcanoclastics — occur mainly
in the Rakovec Group. Increased contents of trace elements Li, Y, Zr, La
and Ce may result in higher radioactivity.

Pz-5 — Lydites — form thin-bedded bodies along with black phyllites and
carbonates.

III b. Late Paleozoic of the Gemericum

Pz-6 — Psammites — are widely distributed in Carboniferous and Permian
formations.

Pz-7 —Pelites, Siltstones — Carboniferous pelites contain detrital admixture
dominated by quartz and clastic micas, and Permian sediments contain, in
addition to quartz and micas, also fragments of various rocks. Increased
contents of trace elements Y and Zr may cause higher radioactivity.

Pz-8 — Acid volcanics and volcanoclastics — are most widespread in Permian
sequences of the northern and southern Gemericum. Increased contents of
trace elements Zr, Y and U may cause higher radioactivity.

Pz-9 — Intermediate and basic volcanics and volcanoclastics — are most wi-
dely distributed in Carboniferous sequences of the Northern Gemeric zo-
ne, in minor quantities also in the Permian of the same zone.

Pz-10 —Limestones — In the Late Paleozoic Gemeric units they occur in
the Lower Carboniferous Ochtin Formation and Crmel Group, and in the
Upper Carboniferous Zlatnik Formation. Carbonate minerals here are
dominated by calcite, with rare dolomite.

Pz-11 —Dolomites and magnesites — these carbonates are associated with
limestones. Magnesites occur primarily in the Lower Carboniferous. Prin-
cipal carbonate minerals comprise dolomite and magnesite.



III c. Mladsie paleozoikum tatrika, veporika, zemplinika a hronika

Pz-12 tvoria dva podsubory hornin:

a. Psamity mladSieho paleozoika tatrika, zemplinika a veporika zodpove-
daju svojim zloZenim arkézam a arkézovym a litickym drobam.

b. Psamity mladSieho paleozoika hronika.

Pieskovce su najrozSirenejSim litotypom. Vyskytuju sa v karbonskej

i v permskej Casti. Zakladnymi zlozkami v nich su kremen, Zivce, sluda

a ulomky hornin.

Pz-13 —pelity a siltovce. Patria sem pelity a siltovce mladSieho paleozoika

tatrika, veporika a zemplinika, ako i pelity a siltovce mladSieho paleozoika

hronika.

Pz-14 —acidne vulkanity a vulkanoklastika veporika, zemplinika a tatrika.

Prevladaju ryolitovo-dacitové vulkanoklastika a ignimbrity nad vylevnymi

formami.

Pz-15 — intermediarne a bazické vulkanity mladsieho paleozoika hronika su

sucastou permskej sekvencie.

1V - MEZOZOIKUM

Mz-1 —vapence predstavuju relativne Cisté horniny najroznejSich litostrati-
grafickych a tektonickych jednotiek: organodetritické, rifové, lagunarne,
krinoidové, hluznaté, kalové a krystalické vapence.

Mz-2 — ilovité vapencetriasu aZ spodnej kriedy. Su to kriedové vapence hlavne
z veporika, menej triasové vapence vysSich subtatranskych prikrovov.

Mz-3 —slienovce kriedy a paleogénu. Vyskytuju sa s nimi aj §kvrnité vapen-
ce, menej hluznaté vapence z bradlového pasma.

Mz-4 —piescité vapence. Ide o jurské vapence tatrika oreSianskej, tribecske;j
a donovalskej skupiny a vapence kriznanského prikrovu. Maju variabilny
obsah SiO..

Mz-5 — kremité vapence az silicity. Subor zloZeny z kremitych vapencov
a radiolaritov doggeru — malmu veporika a rohovcovych vapencov triasu
hronika a kriedy tatrika.

Mz-6 — dolomity stredného az vrchného triasu tatrika, veporika. hronika,
menej silicika. Ide o relativne vel'mi Cisté dolomity.

Mz-7 —dolomity karpatského keuperu. Tvoria polohy primarnych chemo-
génnych dolomitov v suvrstvi pestrého karpatského keuperu, so zvySenymi
obsahmi SiO, a Al,O.

Mz-8 — ilovce, piescité ilovce triasu a jury. Su to ilovce spodného triasu
najma tatrika a silicika, ilovce karpatského keuperu tatrika, veporika a ilov-
ce lunzskych vrstiev hronika. VSetky siu pomerne silne piescité.

Mz-9 —ilovcee, piescité ilovce kriedy az paleogénu. Na rozdiel od ilovcov tria-
su vnutornych Karpat su menej piesCité. Maju zvySeny podiel karbonatovej
primesi.

Mz-10 — pieskovce,kremité pieskovce az kremence triasu a jury. Ide o pest-
ry subor pozostavajuci z pieskovcov a kremencov tatrika, veporika a silici-
ka, dalej su to kremence vrchného triasu tatrika, pieskovce vrchného tria-
su, veporika a hronika a pieskovce kriedy tatrika. Horniny charakterizuje
vysoky obsah SiO, a nizky obsah CaO.

Mz-11 — karbonatické pieskovce a zlepence kriedy a paleogénu Tvoria kar-
bonatické pieskovce a zlepence flySovych sekvencii jury az paleogénu brad-
lového a pribradlového pasma.

Mz-12 —metabazalty prikrovu Borky su zastupené glaukofanitmi a ze-
lenymi bridlicami. Zo stopovych prvkov je okrem inych zvySeny obsah
Th a U.

V — PALEOGEN
V a. Vnutrokarpatsky paleogén

Pg-1 — pieskovce (bez bielopotockého suvrstvia). Do tohto suboru zaradu-
jeme pieskovce s variabilnym obsahom karbonatovej zloZKy, tvoriace su-
Cast zubereckého, hutianskeho a borovského savrstvia.

Pg-2 — ilovce. Subor obsahuje najma ilovce hutianského a zubereckého su-
vrstvia s variabilnym mnoZstvom karbonatovej zlozky.

Pg-3 —brekcie, zlepence a karbonaty najma z borovského suvrstvia, v kto-
rom maju tieto horniny dominantné zastupenie.

Pg-4 — pieskovce bielopotockého suvrstvia Su to pieskovce s karbonatovou
primesou. Oproti suboru Pg-1 st tieto pieskovce menej karbonatické a via-
cej kremité.

I1I c. Late Paleozoic of the Tatricum, Veporicum, Zemplinicum and Hronicum

Pz-12 —consists of two rock subgroups:

a) Psammites of the Lower Paleozoic in the Tatricum, Zemplinicum and
Veporicum. Their composition corresponds to arkoses, arkosic graywac-
kes and lithic graywackes.

b) Psammites of the Hronic Late Paleozoic.

Sandstones are the most widespread lithotype here. They occur in both
Carboniferous and Permian sequences. Quartz, feldspars, mica and rock
fragments are their principal constituents.

Pz-13 —Pelites and siltstones. These include Late Paleozoic pelites and silt-

stones in the Tatricum, Veporicum and Zemplinicum as well as Late Paleo-

zoic siltstones in the Hronicum.

Pz-14 —Acid volcanics and volcanoclastics in the Veporicum, Zemplinicum

and Tatricum. Rhyolite-dacite volcanoclastics and ignimbrites prevail over

effusive varieties.

Pz-15 —Intermediate and basic volcanics of the Hronic Late Paleozoic are

part of the Permian sequence.

1V - MESOZOIC

Mz-1 — Limestones are fairly pure rocks of various lithostratigraphic and
tectonic units: organodetrital limestones, reef limestones, lagoonal lime-
stones, crinoidal limestones, nodular limestones, mud limestones and crys-
talline limestones.

Mz-2 — Clayey limestones of Triassic to Lower Cretaceous age, mostly Cre-
taceous limestones in the Veporicum with less abundant Triassic limesto-
nes of higher subtatric nappes.

Mz-3 —Marlstones of Cretaceous and Paleogene age accompanied by spot-
ted limestones and minor nodular limestones of the Klippen Belt.

Mz-4 — Sandy limestones — Jurassic limestones of the Tatricum assigned
into the OreSany, Tribe¢ and Donovaly Groups and limestones of the Krizna
nappe. They have variable silica contents.

Mz-5 — Siliceous limestones to silicites — a group of Dogger — Malm sili-
ceous limestones and radiolarites in the Veporicum, and cherty limestones
of Triassic age in the Hronicum or of Cretaceous age in the Tatricum.
Mz-6 —Dolomites of Middle to Upper Triassic age in the Tatricum, Vepo-
ricum, Hronicum, and less frequently in the Silicicum. The dolomites are
very pure.

Mz-7 —Dolomites of Carpathian Keuper form layers of primary chemoge-
nic dolomites in the variegated Carpathian Keuper formation. The dolomi-
tes are enriched in silica and alumina.

Mz-8 — Claystones, sandy claystones of Triassic and Jurassic age — Lower
Triassic claystones largely in the Tatricum and Silicicum, claystones in the
Carpathian Keuper of the Tatricum and Veporicum, and claystones of the
Lunz Member in the Hronicum. All these claystones are fairly sandy.
Mz-9 — Claystones, sandy claystones of Cretaceous to Paleogene age. Un-
like Triassic claystones of the Inner Carpathians, these claystones are less
sandy, but richer in carbonate admixture.

Mz-10 —Sandstones, quartzy sandstones to quartzites of Triassic and Juras-
sic age. This variegated group consists of sandstones and quartzites of the
Tatricum, Veporicum and Silicicum, Upper Triassic quartzites of the Ta-
tricum, Upper Triassic sandstones of the Veporicum and Hronicum, and
Cretaceous sandstones of the Tatricum. The rocks are rich in silica and
poor in CaO.

Mz-11 — Carbonatic sandstones and conglomerates of Cretaceous and Pa-
leogene age are carbonatic sandstones and conglomerates of Jurassic to
Paleogene flysch sequences in the Klippen and Near-Klippen Belt.
Mz-12 —Metabasalts of the Borky nappe include glaucophanites and green
schists. Contents of Th, U and some other trace elements are increased.

V— PALEOGENE

V a. Inner-Carpathian Paleogene

Pg-1 —Sandstones (except in the Biely Potok Formation). This set compri-
ses sandstones with a variable content of carbonate material in the
Zuberec, Huty and Borové Formations.

Pg-2 — Claystones — this group includes primarily claystones of the Huty
and Zuberec Formations with a variable content of carbonate component.
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V b. Paleogén vonkajsich Karpat

Pg-5 — pieskovce duklianskej jednotky. Subor obsahuje viac ¢i menej karbo-
natické pieskovce, a to najméa z menilitovych a z podmenilitovych vrstiev,
menej z lupkovskych, Cergovskych a zbojskych vrstiev.

Pg-6 — ilovce duklianskej jednotky.[lovce najméa menilitovych, podmenilito-
vych a ¢ergovskych vrstiev, v menSej miere podmenilitovych pestrych, lup-
kovskych a zbojskych vrstiev.

Pg-7 — pieskovce magurskej jednotky. Pieskovce su voci pieskovcom duk-
lianskej jednotky (Pg-5) relativne va¢§mi kremité a obsahuju mensi podiel
karbonatovej primesi. Najviac su zastupené zlinske a strihovské vrstvy, me-
nej belovezské, bystrické, raciborské, lupkovské a vychylovské vrstvy.
Pg-8 — ilovce magurskej jednotky. Zastupené su v zlinskych, menej v bystric-
kych, strihovskych, belovezskych a vychylovskych vrstvach.

VI — SEDIMENTARNY NEOGEN

Ne-1 — ily,ilovce. Pestry subor tychto hornin je najviac zastupeny vo vnut-
rokarpatskych kotlinach a miocéne Vychodoslovenskej panvy. Na rozdiel
od suboru Ne-2 sa jedna o horniny bez karbonatickej primesi, resp. len
s veI'mi nizkym obsahom karbonatov.

Ne-2 — vapnité ilovce, slienovce. Pestry subor hornin zo vSetkych neogén-
nych paniev Slovenska, najmi z miocénu Vychodoslovenskej panvy, vnut-
rokarpatskych kotlin a miocénu Podunajskej panvy.

Ne-3 — piesky, pieskovce, silty, siltovce. Zastupené su v Juhoslovenskej pan-
ve, Podunajskej panve a vnutrokarpatskych kotlinach. Na rozdiel od suboru
Ne-4 tymto horninam prevazne chyba primes karbonatov.

Ne-4 —vapnité pieskovce a siltovce. Pestry subor hornin zo vSetkych oblasti
Slovenska. NajcastejSie sa vyskytuju v oligocéne a miocéne Juhoslovenske;j
panvy, dalej v miocéne a pliocéne Podunajskej panvy, v miocéne Vychodo-
slovenskej panvy a vo Viedenskej panve.

Ne-5 — piescité vapence a vapence. Reprezentuju oligomiocén a miocén
Juhoslovenskej panvy, vnutrokarpatské kotliny a Viedensku panvu.

Ne-6 — tufitické sedimenty. Su to tufitické ilovce, siltovce a pieskovce na-
chadzajuce sa v panvach a kotlinach stredného a vychodného Slovenska
v susedstve neovulkanitov (Juhoslovenska panva, Hornonitrianska,
Ziarska, Zvolenska, Kosicka kotlina a iné).

VIl — NEOVULKANITY

Nv-1 —bazalty a bazaltické andezity. Z petrografického hladiska su to porfy-
rické bazalty a bazaltické andezity. Spolu, pripadne samostatne sa vyskytuju
v stredoslovenskej oblasti (v Kremnickych vrchoch, vo Vtaéniku a v Javori).
Bazalty dominantne vystupuju v komplexe Sibeniéného vrchu v juZnej ¢asti
Kremnickych vrchov.

Nv-2 — pyroxenické a amfibolicko-pyroxenické andezity. Z petrografického
hladiska ide o porfyrické pyroxenické, amfibolicko-pyroxenické a ojedinele
aj pyroxenicko-amfibolické andezity. Horniny tejto skupiny buduju prevla-
dajucu Cast andezitovych stratovulkanov stredného aj vychodného Slo-
venska vratane vyskytov juzne od Brezna a severne od Rimavskej Soboty.
Nv-3 — pyroxenicko-amfibolické, amfibolické a biotiticko-amfibolické andezity
a dacity. Prednostne vytvaraju efuzivne komplexy a extruzivne domy so sprievo-
dom pyroklastik (centralna ¢ast Kremnickych vrchov, vychodna Cast Vtacnika,
Javorie a Polana, ¢ast hornin Krupinskej planiny a Burdy). Na vychodnom
Slovensku tvoria Cast extruzivnych telies v pasme KapuSany — Vinné.

Nv-4 —ryodacity a ryolity. Vystupuju v centralnej Casti stredoslovenskych
neovulkanitov, na vychodnom Slovensku v oblasti Mili¢a a zemplinskej
hraste, ojedinele aj severnejsie.

Nv-5 —propylitizované andezity a andezitové porfyry. Horniny tejto skupiny
sprevadzaju intruzivne horniny a hydrotermalne systémy v centralnych
zonach stratovulkanov (oblast Kremnice, zona Prochot — Zupkov — Nova
Bana — Pukanec, hodrussko-Stiavnicka oblast, oblast Kralovej, Kalinky
a Podpolomu v Javori, Kyslinky na Polane). Na vychodnom Slovensku je
to oblast Zlatej Bane a Morského oka, v menSej miere centralne zony ostat-
nych stratovulkanov.

Nv-6 —diority a dioritové porfyry. Z petrografického hladiska ide o pyroxe-
nické a amfibolicko-pyroxenické diority, kremité diority, dioritové porfyry
a kremito-dioritové porfyry.

Nv-7 — granodiorit Tvori ho intermediarny plagioklas, biotit, amfibol, kre-
men, ortoklas a akcesoricky magnetit, apatit a zirkon. Granodiorit vystupuje
na povrchu len v hodrusskej ¢asti centralnej zony Stiavnického stratovulkanu.
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Pg-3 —Breccias, conglomerates and carbonates — mainly in the Borové For-
mation which is dominated by these rocks.

Pg-4 — Sandstones of the Biely Potok Formation are sandstones with carbo-
nate admixture. These sandstones are richer in silica and lower in carbonates
in comparison with the category Pg — 1.

V' b. Outer-Carpathian Paleogene

Pg-5 — Dukla unit sandstones — the set embodies more or less carbonatic
sandstones, notably in the Menilite and Submenilite Members, less abun-
dant in the Lupkov, Cergov and Zboj Members.

Pg-6 — Dukla unit claystones — claystones present mainly in the Menilite,
Submenilite and Cergov Members, less frequently in the Variegated Sub-
menilite, Lupkov and Zboj Members.

Pg-7 —Magura unit sandstones — In comparison with the Dukla unit sand-
stones (Pg — 5), these sandstones are higher in quartz and lower in carbo-
nate admixture. They are most widespread in the Zlin and Strihov Mem-
bers, and in smaller amounts occur also in the Bystrica, Racibor, Lupkov
and Vychylovka Members.

Pg-8 —Magura unit claystones — are present mainly in the Zlin Member and to
a lesser extent also in the Bystrica, Strihov, Beloveza and Vychylovka Members.

VI — SEDIMENTARY NEOGENE

Ne-1 — Clays, claystones comprise a wide spectrum of these rocks wide-
spread across Slovakia, but mainly in Inner Carpathian basins and Mio-
cene of the Eastern Slovakia Basin. Unlike the Ne — 2 group, these rocks
have no or very low carbonate admixture.

Ne-2 —Calcareous claystones, marlstones — a variegated set of rocks in all Slo-
vakia’s Neogene basins, but mainly in the Miocene of the Eastern Slovakia
Basin, Inner-Carpathian basins and in the Miocene of the Danube Basin.
Ne-3 —Sands, sandstones, silts, siltstones — occur in the Southern Slovakia
Basin, Danube Basin and Inner-Carpathian basins. Unlike the Ne — 4
group, these rocks are mostly devoid of carbonate admixture.

Ne-4 — Calcareous sandstones and siltstones make up a variegated set of
rocks widespread throughout Slovakia, mainly in the Oligocene and Mio-
cene of the Southern Slovakia Basin, and in smaller amounts also in the
Miocene and Pliocene of the Danube Basin, in the Miocene of the Eastern
Slovakia Basin and in the Vienna Basin.

Ne-5 —Sandy limestones and limestones — are present in the Oligomiocene
and Miocene of the Southern Slovakia Basin, Inner-Carpathian basins and
the Vienna Basin.

Ne-6 — Tuffaceous sediments — comprise tuffaceous clays tones, siltstones and
sandstones in basins adjacent to Neogene volcanics in central and eastern Slo-
vakia (Southern Slovakia, Upper Nitra, Ziar, Zvolen, Kosice and other basins).

VII — NEOVOLCANICS (NEOGENE VOLCANICS)

Nv-1 —Basalts and basaltic andesites are, from a petrographic point of view,
porphyric basalts and basaltic andesites. They occur together or separately
in central Slovakia, namely in the Kremnické vrchy, Vtacnik and Javorie
Mts. The basalts dominate the Sibeniény vrch Complex in the southern sec-
tor of the Kremnické vrchy.

Nv-2 — Pyroxene and amphibole-pyroxene andesites — from a petrographic
point of view, they are porphyric pyroxene, amphibole-pyroxene and very
rarely also pyroxene-amphibole andesites. Rocks of this category dominate
andesite stratovolcanoes in central and eastern Slovakia alike, including
occurrences south of Brezno and north of Rimavska Sobota.

Nv-3 — Pyroxene-amphibole, amphibole and biotite-amphibole andesites and
dacites mostly form effusive complexes and extrusive domes associated with
pyroclastics in the central Kremnické vrchy, eastern Vtacnik, Javorie, Polana
and partly also in Krupinska planina and Burda Mts. In eastern Slovakia they
constitute some of extrusive bodies in the KapuSany — Vinné zone.

Nv-4 —Rhyodacites and rhyolites occur in the centre of the Central Slovakia
Neovolcanics, in eastern Slovakia in the Mili¢ and Zemplin horst area, and
very rarely also more to the north.

Nv-5 — Propylitized andesites and andesite porphyries. Rocks of this group
are associated with intrusive rocks and hydrothermal systems in central
zones of stratovolvanoes in the Kremnica area, Prochot-Zupkov-Nova
Bana-Pukanec, Hodrusa-Stiavnica and Kralova areas, Kalinka and Podlom
in the Javorie and Kyslinka in the Polana Mts. In eastern Slovakia, they



Nv-8 — granodioritové porfyry. Horniny tejto skupiny vystupuju pri Pukanci
a v centralnej zone Stiavnického stratovulkanu.

Nv-9 —Kkremito-dioritové porfyry. Vystupuju len v centralnej zéne Stiavnic-
kého stratovulkdnu.

Nv-10 —alkalické bazalty a bazanity. Z petrografického hladiska ide o alka-
lické olivinické bazalty az nefelinické bazanity, ktoré vystupuju v oblasti
Cerovej vrchoviny a Lucenskej kotliny, ojedinele v stredoslovenskych neo-
vulkanitoch.

occur in the Zlata Bana and Morské oko areas, and to a lesser extent also
in central zones of the other stratovolcanoes.

Nv-6 — Diorites and diorite porphyries. Petrographically, these rocks are
pyroxene and amphibole-pyroxene diorites, quartz diorites, diorite porphy-
ries and quartz-diorite porphyries.

Nv-7 — Granodiorite consists of intermediate plagioclase, biotite, amphibole,
quartz, orthoclase and accessory magnetite, apatite and zircon. It crops out
only in the Hodrusa sector of the Stiavnica stratovolcano central zone.
Nv-8 — Granodiorite porphyries. Petrographically, the group is dominated
by granodiorite porphyries. These rocks are found near Pukanec and in the
Stiavnica stratovolcano central zone.

Nv-9 — Quartz-diorite porphyries. Quartz-diorite porphyries are confined to
the Stiavnica stratovolcano central zone.

Nv-10 —AlKkali basalts and basanites. Petrographically, the rocks are alkali
olivine basalts to nepheline basanites. They occur in the Cerova vrchovina
and Lucenec Basin, rarely also in the Central Slovakia Neovolcanics.
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3. MINERALY RADIOAKTIVNYCH PRVKOV
3.1. Mineraly uranu

Doteraz bolo opisanych viac ako Sestdesiat vlastnych mineralov uranu,
avSak vacSina z nich sa vyskytuje len zriedkavo. Z primarnych mineralov
uranu sa hojnejSie vyskytuje len uraninit a brannerit, zo sekundarnych autu-
nit a torbernit.

3.1.1. Opis a charakteristika vyznamnych mineralov uranu

Uraninit — UQ,

Nazov je odvodeny z chemického zloZenia. Synonyma: uranin, smolinec,
nasturan.

Chemicky nie je Cistym UQO,, ale obsahuje aj UO5 a produkty radioaktivne-
ho rozpadu uranu: Ra, Po, Ac a Pb. Olovo vznika ako kone¢ny produkt
rozpadu U a Th a jeho obsah v uraninite moéze dosahovat niekedy 10 az
20%.

Odrody uraninitu: cleveit s obsahom Y, Er, Th, He a Ar a nivenit s obsa-
hom vzacnych zemin. Takisto existuju odrody uraninitu s obsahom Th
alebo zriedkavejsie aj Zr (do 7,5%).Uraninit vZdy obsahuje aj vodu.
Uraninit je ¢ierny aZ hnedocierny, niekedy so slabym fialovym odtieniom.
Pre navetrany mineral je charakteristicka aj asociacia s vyrazne zafarbeny-
mi (ZIta, oranzova, zelena) sekundarnymi uranovymi mineralmi.

Brannerit — (U, Ca, Th, Y) [(Ti, Fe),Oq]

Obsah oxidov U kolise okolo 30 — 40 %;ThO, medzi 0,5az 13 %. Vyskytuje
sa vo forme prizmatickych pozdizne ryhovanych krystalov alebo nepravidel-
nych zin. Farba ¢ierna, na povrchu sa vytvaraju Zltohnedé povlaky.

Torbernit — Cu[UO,/PO,],.10H,0

Synonymum chalkolit. Pri teplote nad 40°C nastava unik H,O a vznika meta-
torbernit. Tvori drobné, dobre vyvinuté tabulkovité krystaly, CastejSie sa vSak
vyskytuje v podobe Supinatych agregatov a praskovitych naletov. Boli zazna-
menané aj zrasty s autunitom. Farba torbernitu je smaragdovozelena.

Autunit — CaJUO,/PO,],.10H.0

V autunite bolo objavené aj aktinium a poldénium. KryStaly maju tabul'ko-
vitu formu, CastejSie sa vSak vyskytuje v podobe druz drobnych krystalikov
alebo v Supinatych a zemitych agregatoch. Farba autunitu je Zltozelena az
jasnozlta. Patri medzi luminiscenéné mineraly, v ultrafialovom svetle ma
Zltozelenu farbu.

3.1.2. Mineraly uranu vyskytujuce sa na Slovensku

Z primarnych mineralov sa na Slovensku vyskytuju:

1. Uraninit, hlavny a najcastejsi mineral uranu na Slovensku. Je pritomny
takmer na vSetkych loziskach a vyskytoch uranovych rad.

2. Brannerit, zriedkavejSi ako uraninit. BeZzne sa vyskytuje na loZiskach
v Novoveskej Hute a Jahodnej. V asociacii s uraninitom a zlatom sa na-
chadza na lokalitach Zimna voda (pri obci Prakovce) a Peklisko (pri
obci Hnilec).

3. U-Ti —oxidy (skupina neroz¢lenenych variabilnych metamiktnych mine-
ralov), opisané z viacerych lokalit Slovenska: Novoveska Huta, Jarcek
pri Krompachoch, MarkuSovska dolina pri MarkuSovciach, Branisko-
-Cierne, Cierna Hora-Rohacka.

4. Coffinit ako mineralogicka rarita na lokalitach Novoveska Huta, Kra-
vany a Banska Stiavnica.

Zo sekundarnych mineralov urdanu, vznikajucich pri procesoch zvetravania

primarnych mineralov, si na Slovensku zastipené tieto:

1. Torbernit, na Slovensku vel'mi roz§ireny, vyskytuje sa spolu s autunitom
na vsetkych slovenskych uranovych loziskach a vyskytoch.

2. Autunit, rovnako rozsireny ako torbernit.

3. Zeunerit, opisany na lokalite Branisko-Cierne, Cierna Hora-Rohacka
a na niektorych vyskytoch v Starohorskych vrchoch.

4. Tujamunit, vyskytuje sa v severnych partiach loziska Novoveska Huta.

5. Trogerit ako vel'mi zriedkavy mineral bol ur¢eny len na lokalite Peklisko.

3.2. Mineraly toria

Mineraly toria su na celom svete zaradované medzi mineralogické rarity.
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3. MINERALS OF RADIOACTIVE ELEMENTS
3.1. Uranium Minerals

More than 60 uranium minerals have so far been identified, but the the
majority of them are rare. Fairly abundant primary uranium minerals in-
clude only uraninite and brannerite, and secondary ones autunite and tor-
bernite.

3.1.1. Description and Characteristics of Major Uranium Minerals

Uraninite — UO,

The mineral has been named after its chemical composition. Synonyms:
uranine, pitchblende, nasturanium. Chemically, the mineral is not pure
UO,, but contains also some UQOg. In addition, it contains products of radi-
oactive decay of uranium: Ra, Po, Ac and Pb. Lead is a final daughter of
U and Th decay sequences and its content in uraninite may reach as much
as 10—-20%.

Uraninite varieties: Y, Er, Th, He- and Ar-bearing cleveite, and nivenite
containing rare earths. Some uraninite varieties hold Th and rarely also Zr
(up to 7.5%).Uraninite always contains water.

Uraninite is black to brown-black, sometimes with a slight violet tinge.
Weathered uraninite is typically associated with brightly coloured (yellow,
oragnge, green) secondary uranium minerals.

Brannerite — (U, Ca, Th, Y) [(Ti, Fe),O4]

The content of U oxides varies around 30—40%,and that of ThO, bet-
ween 0.5and 13%.The mineral forms prismatic crystals striated length-
wise or irregular grains. The colour is black. Its surface is stained yellow-
brown.

Torbernite — Cu[UO,/PO,],. 10H,0O

Synonym — chalcolite. At temperatures above 40°C it releases H,O and is
converted to metatorbernite. It forms tiny well-defined tabular crystals, but
more frequently scaly aggregates and p owdery films. It sometimes interg-
rowths with autunite. Its colour is emerald green.

Autunite — Ca[UQO,/PO,],.10H,0.

Actinium and polonium were discovered in autunite. Its crystals are tabu-
lar, but more frequently fine crystals line vugs or form scaly and earthy
aggregates. Its colour is yellow-green to bright yellow. The mineral is lumi-
niscent — yellow-green in ultraviolet light.

3.1.2. Uranium Minerals Found in Slovakia

Primary minerals found in Slovakia comprise:

1. Uraninite is the main and most widespread uranium mineral in Slovakia.
It is present in nearly all uranium deposits and occurrences.

2. Brannerite is less abundant than uraninite. It commonly occurs in the
Novoveska Huta and Jahodna deposits. Brannerite —uraninite — gold as-
semblage is found at Zimna Voda (near the town of Prakovce) and Pek-
lisko (near the village of Hnilec).

3. U-Ti oxides (a group of undifferentiated variable metamict minerals)
have been described in a number of places in Slovakia: Novoveska Huta,
JarCek near Krompachy, MarkuSovska Valley near MarkuSovce, Branis-
ko — Cierne, Cierna Hora — Rohacka.

4. Coffinite is a mineralogic rarity at Novoveska Huta, Kravany and Banska
Stiavnica.

Secondary uranium minerals produced by weathering of primary minerals

found in Slovakia include:

1. Torbernite is very widespread across Slovakia and, along with autunite,
is found in all Slovakia’s uranium deposits and occurrences.

2. Autunite is as widespread as torbernite.

3. Zeunerite has been described at Branisko — Cierne, Cierna Hora — Ro-
hacka and in sone occurrences in the Starohorské vrchy Mts.

4. Tuyamunite occurs in northern sector of the Novoveska Huta deposit.

5. Trogerite is an extremely rare mineral identified only at Peklisko.

3.2. Thorium Minerals

Thorium minerals throughout the globe are mineralogic rarities.



3.2.1. Opis a charakteristika vyznamnych mineralov toéria

Torit — ThSiO,

Je vzacny, vyskytuje sa v niekol'’kych odrodach:

— orangit — polopriezracny torit oranZovej farby;

— uranotorit — (U, Th) [SiO,] (obsah U;04 do 10—15%);

— torogumit — synonymum macinthosit alebo hydrotorit

— auerlit — (Th, ...) [(Si,P)O,,(OH),].

Krystaly toritu su vel'mi vzacne a podobaju sa kryStalom zirkonu. Obycajne
sa vyskytuje v podobe vtrusenych zin, zriedkavejSie kusovy. Jeho farba sa
meni v zavislosti od odrody a mo6zZe byt ¢ierna, hneda, zIta, oranzova.

3.2.2. Mineraly toria vyskytujuce sa na Slovensku

Z tychto mineralov sa na Slovensku vyskytuje len torit, a to na lokalite
Gadzalova dolina (pri Rejdovej) vo forme submikroskopickych inkluzii
vV monazite.

3.3. Mineraly obsahujtice uran a torium

Skupina mineralov, ktoré obsahujui uran alebo torium v podobe primesi je
vel'mi Siroka. Patria do nej nielen mineraly vzacnych zemin, ktorych vyskyt
je pomerne vzacny, ale aj bezne sa vyskytujuce mineraly. Medzi mineraly,
ktoré ako nositelia U a Th nie su bezné patria. chalkozin, pyrochlor, paly-
gorskit (horska koza), titanit (sfén), evansit a iné.

Omnoho vyznamnej$im zdrojom radioaktivnych anomalii su mineraly
bezne sa vyskytujuce v prirode, pricom oxidy uranu alebo toria v nich ¢asto
tvoria izomorfnu primes. Medzi ne mozno zaradit apatit, xenotim, mona-
zit, zirkon, limonit, kremen a jeho amorfné odrody, opal, kalcit a dolomit.

3.4. Mineraly draslika

Draselnych mineralov sa v prirode vyskytuje vel'mi vela, pritom mnohé z nich
su horninotvorné. Vzhladom na pomerne nizky podiel radioaktivneho *°K st
draselné mineraly spektrometricky zachytiteIné len vtedy, ak sa vyskytuju vo
vel'kych mnozstvach. Preto spomenieme len tie mineraly draslika, ktoré mozu
mat vyznam pre spektrometrickil prospekciu a vyskytuju sa aj na Slovensku.
Medzi najhojnejSie vyuzivané mineraly draslika patria jeho chloridy a du-
si¢nany: sylvin, karnalit a liadok draselny. Men$i vyznam maju rozlicné dra-
selné karbonaty a sirany. Okrem alunitu a jarositu sa tieto mineraly na Slo-
vensku bud’ vobec nevyskytuju, alebo len vel'mi vzacne. Bezne rozsirené su
u nas draselné silikaty, ktoré predstavuju hlavné horninotvorné mineraly
predovSetkym granitoidnych, metamorfovanych a sedimentarnych hornin.
Su to najma draselné Zivce (sanidin, ortoklas, mikroklin) a sludy (flogopit,
muskovit, biotit). Iné draselné silikaty sa na Slovensku vyskytuju len zried-
kavo (leucit, apofylit, zeolity, litné sludy).

3.2.1. Description and Characteristics of Major Thorium Minerals

Thorite — ThSiO,

This rare mineral has several varieties:

— orangite — semitransparent thorite of orange colour,

— uranothorite — (U, Th) [SiO,] (U504 content up to 10—15 %),

— thorogumite — synonyms macintoshite or hydrothorite —

— auerlite — (Th, ...)[(Si, P)O,(OH),].

Its very rare crystals resemble those of zircon. Its usually forms dissemina-
ted grains, rarely lumps. Its varieties have different colours — black, brown,
yellow and orange.

3.2.2. Thorium Minerals Found in Slovakia

The only thorium mineral found in Slovakia is thorite in Gadzalova Valley
(near Rejdova) forming submicroscopic inclusions in monazite.

3.3. Uranium- and Thorium-Bearing Minerals

A number of minerals contain admixture of uranium or thorium. The
group includes not only rare-earths-element-bearing minerals, which are
fairly rare in nature, but also commonly found minerals. U and Th are
sometimes but not commonly found also in chalcosine, pyrochlore, paly-
gorskite (mountain skin), titanite, evansite and others.

Much more important sources of radioactive anomalies are minerals
widespread in nature which often contain only an isomorphous admixture
of uranium and thorium. These minerals comprise apatite, xenotime,
monazite, zircon, limonite, quartz and its amorphous varieties, opal, calci-
te and dolomite.

3.4. Potassium Minerals

A multitude of minerals contain potassium, many of them being rock-
-forming. Because of the fairly low percentage of radioactive *°K in po-
tassium minerals, these can be detected spectrometrically only if huge
quantities are present. That is why only those potassium minerals are
described in detail which occur in Slovakia and are important for spec-
trometric prospecting. Worldwide, the most widely exploited potassium
minerals comprise its chlorides and nitrates, namely sylvinite, carnallite
and nitratite. Various potassium carbonates and sulphates are less signi-
ficant. In Slovakia the above minerals except for alunite and jarosite are
either nonexistent or extremely scarce. Potassic silicates — micas (phlo-
gopite, biotite, muscovite) and potassic feldspars (sanidine, orthoclase,
microcline) and glauconite are much more widespread in Slovakia. Fur-
ther potassic silicates (leucite, apophylite, zeolites, lithium micas) rare-
ly in Slovakia.
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4. RADIOMETRICKA PRESKUMANOST SLOVENSKEJ
REPUBLIKY

Merania radioaktivity sa na uzemi Slovenska vykonavali v dvoch obdobiach
a s roznymi ciel'mi. Od roku 1947 az do roku 1989bolo cielom radiome-
trickych merani vyhladavanie, prieskum a tazba lozisk uranovych rud. Po-
uzivali sa radiometrické pristroje roznych typov a s r6znou presnostou.
Pri zistovani prirodnej radioaktivity pevnych latok — hornin sa uplatnovali
tieto metddy a ich modifikacie: aerogamaprieskum, autogamaprieskum,
povrchové premeriavanie horského reliéfu (PPHR), povrchovy gamapries-
kum, gamaprieskum v jamkach, gamaspektrometria a emanac¢ny prieskum.
Ucelom aerogamaprieskumu, autogamaprieskumu a PPHR bola priprava
ploch a vyClenenie nadejnych oblasti. Povrchovy gamaprieskum, gama-
prieskum v jamkach a emanacny prieskum sa uplatinovali ako vlastné vyhla-
davacie metody. Gamaprieskum v jamkach, emanac¢ny prieskum a gama-
spektrometria sa vyuzivali aj na detailizaciu anomalii a emana¢ny prieskum
a gamaspektrometria na ocenenie anomalii radioaktivity.
Kym asi do polovice 70. rokov prevladali v radiometrickom prieskume re-
gionalne metody (autogama, PPHR a i.) v mierke 1:10000az 1:25000,
v poslednych 10—15rokoch prevladali podrobnejsie mierky 1:5000,me-
nej 1:10000.
Radiometricka preskimanost je velmi nerovnomerna. Preskumanost jed-
notlivych stratigrafickych utvarov suvisi s hodnotenim ich perspektivnosti
z hladiska vyskytu uranovych akumulacii. NajvysSia preskumanost je na
uzemiach s vyskytom permskych hornin. Z jednotlivych orografickych
jednotiek st najviac preskumané Slovenské rudohorie, Nizke Tatry,
Kremnické a Stiavnické vrchy, Malé¢ Karpaty, Povazsky Inovec, Tribeg,
Branisko a Cierna hora. Menej preskimané su Slanské vrchy, Vychodné
a Nizke Beskydy.
Uzemie Slovenska bolo do roku 1990 radiometrickymi metddami pokryté
(mapa S. C.) takto:

— aerogamaprieskum 72%

— autogamaprieskum 16%

— povrchova radiometria 11 %
Od roku 1990sa radiometria vyuZziva predovSetkycm pri rieSeni environ-
mentalnych problémov na zistovanie radioaktivity z hladiska stavu Zivot-
ného prostredia a zostavovanie map geofaktorov zZivotného prostredia.
V ramci mapovania prirodnej radioaktivity sa vykonalo meranie radonu
v pddnom vzduchu a merania gamaspektrometrie. Vysledky prieskumu sa
mapovo znazornovali v mierke 1:200000Na vybranych tizemiach sa tieto
vysledky znazornovali v mierke 1:50000 (20 % celej plochy SR). Boli to
tieto uzemia: Horna Nitra, Nizke Tatry, Bystricka vrchovina, Ciertaz, Hor-
nadska kotlina a vychodna c¢ast Slovenského rudohoria, KosSicka kotlina
a Slanské vrchy, Ziarska kotlina a banskostiavnicka oblast, Mala Fatra
a Cast prilahlych kotlin.
Zostavenie odvodenej mapy radénového rizika v mierke 1 : 200 00Gsi vyzia-
dalo zmeranie 367 referen¢nych ploch (RP) s hustotou 1 RP na 134 km?
a 845RP po obvode okresnych miest. V mierke 1:50000sa dosiahla hus-
tota merani 1 RP na 10 km?, v osidlenych uzemiach 3—5RP na km? Me-
ralo sa nepravidelne, najma v blizkosti sidelnych aglomeracii.
Meraniami gamaspektrometrie v mierke 1:200000bolo pokryté celé tze-
mie SR v pravidelnej sieti 3x 3 km s kondiciou 1 bod na 9 km? Spomenuté
vybrané oblasti boli premerané v mierke 1:50000v pravidelne;j sieti s hus-
totou 1 bod na 1 km?
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4. RADIOMETRIC INVESTIGATIONS IN SLOVAKIA

Radioactivity in Slovakia was measured in two periods each time with
different objectives. Between 1947 and 1989, radiometric investigations
were aimed at prospecting, exploration and mining of uranium deposits.
Surveying companies used radiometric instruments of various kinds and
accuracies. The following techniques and their modifications were applied
to measure natural radioactivity of solid matter. aerogamma survey, car-
borne gamma survey, surface measurements of mountain relief (SMMR),
surface gamma survey, pit gamma survey, gamma ray spectrometry and
emanation survey.

Aerogamma, car-borne gamma and SMMR explorations were aimed to
provide preliminary information on investigated areas and to locate pros-
pective areas. Surface gamma survey, pit gamma survey and emanation sur-
vey were main exploration techniques. Pit gamma survey, emanation survey
and gamma spectrometry were also used to locate anomalies in detail,
while emanation survey and gamma spectrometry were applied to appraise
radioactivity anomalies.

Until the mid-1970s,radiometric survey was dominated by regional met-
hods (car-borne gamma, SMMR, etc.) at scales 1:10000to 1:25000 but
more detailed scales (largely 1:5000,rarely 1:10000)have prevailed over
the past 10—15years.

The density of radiometric survey is very variable. It varies from one stra-
tigraphic unit to another depending on the probability of locating uranium
occurrences. Areas at least partly underlain by Permian rocks, i.e. Slo-
venské rudohorie, Nizke Tatry, Kremnické vrchy, Stiavnické vrchy, Malé
Karpaty, Povazsky Inovec, Tribe¢, Branisko and Cierna hora Mts., were
explored most thoroughly. Slanské vrchy, Vychodné and Nizke Beskydy
were explored to a lesser extent.

Individual radiometric methods used cover the following percentages of
Slovak territory (map S. C.):

— aerogamma survey 72%
— car-borne gamma survey 16 %
— surface radiometry 11%

Since 1990, radiometry has mostly been used to resolve environmental
issues — to measure radioactivity from an environmental point of view and
to compile maps of environmental geofactors. Techniques used to compile
maps of natural radioactivity for the Environmental Geofactors Project in-
cluded radon measurements in soil air and gamma spectrometry. The sur-
vey was carried out at scale 1:200000)ut the ecologically worst hit areas
were measured at scale 1:50000 (20 %of Slovak territory): Upper Nitra
Valley, Nizke Tatry, Bystricka vrchovina, Ciertaz Mts., Hornadska kotlina
and eastern Slovenské rudohorie Mts., KoSice Basin and Slanské vrchy
Mts. Ziar Basin and Banska Stiavnica area, Mala Fatra Mts. and parts of
adjacent basins. 367 reference areas (RA) at a density 1 RA per 134 km?
and 845RAs on the outskirts of district capitals were investigated to com-
pile a derived radon-risk map at scale 1:200000.Measurement density
at scale 1:50000was 1 RA per 10 km? in towns and villages 3—5 RAs
per km? The measurements were distributed unevenly, particularly in the
vicinity of towns and villages. Gamma spectrometry measurements on
a 3x3km grid (density 1 measurement point per 9 km?) at scale 1:200000
cover the whole Slovak territory. The above-mentioned selected areas were
measured at scale 1:500000n a regular 1x1 km grid with density 1 point
per km?.



5. LOZISKA URANOVYCH RUD V SLOVENSKEJ
REPUBLIKE

Osobitnymi zdrojmi prirodnej radioaktivity su také nahromadenia urano-
vych mineralov, ktoré mo6Zu vytvarat loZiska uranovych rud. Takéto lozisko
sa pritom mozZe v uréitom ¢ase za vhodnych ekonomickych podmienok aj
vyuzivat. Uranové rudy maju pri vytaZeni na povrch negativny vplyv na stav
zivotného prostredia, avSak len v bezprostrednom priestore ich fazby a pre-
chodného skladovania, pripadne v mieste ich upravy.

Podstatnejsi vplyv na zvySeny stav prirodnej radioaktivity v okoli lozisk ura-
novych rud maju tie loZiska rad, ktorych rudné telesa prirodzene vystupuju
na zemsky povrch. V priebehu geologickych obdobi ich prirodzené Cinitele
rozrusovali (denudovali) a vodné toky ich material transportovali do SirSieho
okolia. Prikladom su loZiska uranovych rad Novoveska Huta-Muran pri Spis-
skej Novej Vsi, ktoré maju niekol'ko vystupov rudnych telies na zemsky povrch.
Tieto rudy boli rozrusované a vodnymi tokmi roznasané do okolia uz v paleo-
géne (60 mil. rokov), pretoZe ich ulomky sa nachadzaju v bazalnych zlepen-
coch paleogénu. Proces denudacie a odnos vodou prebieha aj v stiCasnosti.
Podobne vystupuju na zemsky povrch rudné telesa uranovych rad aj pri
Kalnici a Selci v Povazskom Inovci, pri Vikartovciach, Kravanoch
a Svabovciach v Kozich chrbtoch.

Denudacia rudnych telies lozisk teda prebieha neprestajne, ale mnozstvo
ulomkov uranovych rud, ktoré transportuju potoky z tychto miest, je len
zlomok promile vSetkych ulomkov hornin. Znecistenie prostredia tymito
prirodzenymi pochodmi je preto zanedbateI'né a takmer nemeratel'né.

Na tizemi Slovenska je jedenast lozisk uranovych rid (mapa U. O.), z ktorych
dve st vyznamnejsie (Novoveska Huta, Jahodnd) a ostatné patria medzi malé.
Z nich su len tri loziska malych rozmerov vytazené (Muran, Kravany, Vikar-
tovce) a péf loZisk Ciastoéne vytaZenych (Novoveskda Huta, Svabovce, Nizny
Chmelienec, Kalnica, Selec). Z dvoch lozisk sa vobec netazilo (Jahodna, Spis-
sky Stiavnik). V sucasnosti sa na uzemi Slovenska nevykonévaju nijaké terénne
geologickoprieskumné alebo tazobné prace zamerané na uranové rudy.

Vo vsetkych uvadzanych loziskach sa uranova ruda nachadza vo vrstvovych
telesach zvac¢sa SoSovkovitého alebo nepravidelného tvaru. Rudné mineraly tvo-
ria impregnacie v pieskovcoch s vazbou na ilomky zuhol'natenej flory (Krava-
ny, Svabovce). V inych pripadoch su rudné mineraly vtrisené vo vulkanoklas-
tickych sedimentoch (Muran, Novoveska Huta, Kalnica) a v telesach vulkanitov
(Jahodna), pripadne v tektonickych zlomoch (Novoveska Huta a Kravany).
Typickym prikladom loziska s vdzbou urdnovych minerdlov na ulomky
zuhol'natenej flory je malé, uz vytaZzené lozisko Kravany v Kozich chrbtoch.
Takmer vodorovne uloZené lozisko s rozmermi asi 250150 m sa sklada
z niekol'kych rudnych SoSovkovitych telies s hrubkou 0,5—2m. Tvoria ich
sivé strednozrnité muskovitické pieskovce, ktoré sa vyznacuju vysokym obsa-
hom ulomkov zuhol'natenej flory permského veku. Miestami su tu vyvinuté
tenké vrstvicky kamenného uhlia. Impregnacia ulomkov zuhol'natenej flory
rudnymi, najma uranovymi mineralmi poukazuje na to, Ze zaciatok vzniku
tejto mineralizacie je mozné spajat s obdobim vzniku tychto sedimentov.
V dalsich procesoch, zvac¢Sa pocas alpinskeho orogénu, nastala mobilizacia
a koncentracia rudnych mineralov. Ich hlavnd masa tvori impregnacie
v ulomkoch zuhol'natenej flory a medzi zrnami pieskovca, alebo vystupuje
ako siet drobnych ziliek v ramci zrudnenych telies ¢i na vrstvovom rozhrani.
Hlavnym rudnym mineralom na loZisku je uraninit (Roskovic, 1973).Zo
sekundarnych mineralov sa vyskytuje autunit. Bezny je pyrit.

Loziska uranovych rud Novoveska Huta a Muran su charakteristické spatos-
fou svojho vzniku aj priestorového rozloZenia s vulkanizmom permského
veku. Nachadzaju sa 7—10km na juhozapad od SpiSskej Novej Vsi. Patria
k nim aj rudné vyskyty HnilCik a Haniskova. Tieto loZiska a vyskyty sa vyzna-
¢uju zlozitymi uloZnymi aj tektonickymi pomermi, pretoze cela oblast ma vra-
sovo-preSmykovu stavbu. Najvacsie plosné rozsirenie ma prva rudna poloha,
tvorena vulkanicko-sedimentarnou brekciou, ktora vystupuje aj na povrch
terénu. Je zloZena z klastov terigénneho povodu (kremen, fylity, kvarcity)
a klastov permskych vulkanitov acidného (ryolit) az intermediarneho typu
(andezit, dacit) v roznom pomere. V blizkom podloZi tito polohu sprevadzaju
telesa vylevnych ryolitov. V usekoch s bohatou pyritizaciou sa vyskytuju rudné
telesd obycajne Sosovkovitého tvaru s plosnym rozmerom 10—5000m?
a hrubkou 0,5—3m. Rudné mineraly a pyrit impregnuju tmel sedimentov
a ulomky vulkanitov. Na lozisku Novoveska Huta sa hlbsie pod prvou rudnou
polohou nachadza dalSia, druha rudna poloha. Je situovana vo vrchnej Casti
telesa intermediarnych vulkanitov (andezit, dacit), ktoré su intenzivne preme-
nené (karbonatizacia, sericitizacia) a zbrekciovatené. V tomto horninovom
prostredi je 1—80m mocné rudné teleso s premenlivou, ale nizSou kvalitou

36

5. URANIUM DEPOSITS IN SLOVAKIA

Major uranium occurrences which sometimes constitute uranium deposits
are special sources of natural radioactivity. These deposits may be mined
under favourable economic conditions. Once hauled to the surface, uranium
ores adversely affect the environment, but only in the immediate vicinity of
mining and temporary dumping or in the place of ore processing.

Natural radioactivity is increased much more near those uranium deposits
which are naturally exposed on the surface. Over long geological periods
the uranium ores are denuded and through streams dispersed over a wider
area. The case is exemplified by the Novoveska Huta — Muran deposit near
Spisska Nova Ves whose several orebodies crop out. The ores of this depo-
sit have been eroded and dispersed in the nighbourhood since the Early
Tertiary (60 m.y.) as their fragments are found in basal Paleogene conglo-
merates. The process continues till the present day.

Likewise, other uranium occurrences, such as those near Kanica and Selec
in the Povazsky Inovec Mts. as well as near Vikartovce, Kravany and
Svabovcee in the Kozie chrby Ridge, are also exposed on the surface.

The erosion of orebodies is a neverending process, but fragments of urani-
um ores carried by streams account only for an extremely small percentage
of all fragments. Therefore environmental pollution by these natural pro-
cesses is negligible and barely measurable.

Slovakia has eleven uranium deposits (map U. O.) two of which are major
(Novoveska Huta, Jahodna) and the remaining nine are small. Three of the
small deposits are mined out completely (Muran, Kravany, Vikartovce) and
five others partly (Novoveska Huta, Svabovce, Nizny Chmelienec, Kalnica,
Selec). Two deposits have never been mined (Jahodna, Spissky Stiavnik).
Novoveska Huta and Jahodna deposits are distinguished by high molybde-
nite contents in their uranium ores. Neither uranium mining nor explora-
tion currently take place in Slovakia.

All above-mentioned deposits consist of bedded orebodies of lenticular or
irregular shape. Disseminated ore minerals are bound to carbonaceous
flora remains in sandstones (Kravany, Svébovce). Elsewhere, the ore mine-
rals are disseminated in volcanoclastic sediments (Muran, Novoveska
Huta, Kalnica), in volcanic bodies (Jahodna) and on faults (Novoveska
Huta, Kravany).

The small mined-out Kravany deposit is a typical example of a deposit
where uranium minerals are bound to carbonaceous flora remians. It is
located NE of the village of the same name in the Kozie chrbty Ridge.
The nearly flat-lying deposit about 250x 150 m in size is composed of
several podiform orebodies 0.5—2m thick. The bodies consist of gray
medium-grained muscovite sandstones rich in Permian carbonaceous
flora remains. The sandstones are intercalated with thin hard-coal layers.
Distinct sedimentary structures in the sandstones (parallel and cross bed-
ding, ripple marks) prove that they were laid down in a fluvial environ-
ment. The fact that the carbonaceous flora remains are impregnated by
ore, chiefly uranium minerals suggest that the mineralization process may
be coeval with the deposion of these sediments. Later events, primarily
during the Alpine orogeny resulted in mobilization and concentration of
the ore minerals. They mostly form disseminations in carbonaceous flora
remains or among sandstone grains or create tiny veinlets in the orebo-
dies or along bed planes. Uraninite is the principal ore mineral of the
deposit (Roskovic, 1973).0f secondary minerals, autunite is present. Py-
rite is commonly found.

The Novoveska Huta and Muran uranium deposits are notably genetically
and spatially associated with Permian volcanism. Situated 7—10km SW of
Spisska Nova Ves, they are the first and best explored deposits. Hnil¢ik and
Haniskova ore occurrences are linked to them. The above deposits and
occurrences have a complicated tectonic structure as the whole area has
a fold-reverse-fault structure. The so-called 1st layer composed of volcano-
-sedimentary breccia locally exposed on the surface is most w idely distri-
buted. It is made up of variable proportions of terrigenic clasts (quartz,
phyllites, quartzites) and Permian acid (rhyolite) to intermediate (andesite,
dacite) volcanic clasts. The layer is underlain by effusive rhyolite bodies.
Pyrite-rich sectors of the layer host largely podiform orebodies 0.5—3m
thick and 10—5000m? in area. Ore minerals and pyrite are disseminated
in volcanic fragments and cement. The 2nd ore layer is found at the
Novoveska Huta deposit below the 1st layer. It is situated in the upper por-
tion of a 200—300-m-thick body of intermediate volcanics (andesite,da-
cite). These are strongly altered (carbonatized, sericitized) and brecciated.
The volvanics host a 1—80im-thick orebody of variable, but generally



a obsahom rudnych prvkov. Zrudnenie sa nachadza na ploche 0,4%2,5km,
nema vsak suvisly priebeh. Hlavnymi rudnymi mineralmi (Roskovic et al.,
1993)st uraninit, U-Ti-oxidy a molybdenit (uran-molybdénové rudy).

Iné vyskyty uranovych rad nesplinaju kritéria loZisk a charakterizujeme ich ako
rudné alebo mineralogické vyskyty. Maju ovela pestrejsi charakter. Do tejto
skupiny patri napr. vyskyt Gocaltovo, kde sa uranova mineralizacia viaZze na
fosforitové konkrécie morského pdvodu, vyskyty Zimna voda a Peklisko, kde
su uranové mineraly v kremenovych Zzilach spolu s rydzim zlatom, vyskyt
Cuéma, kde su uranové mineraly v kremenovych Zzilach spolu s apatitom
(obr. 5) a prvkami vzacnych zemin. Dal§im osobitnym typom je vyskyt Bu-
¢ina, kde su uranové mineraly viazané na limonit v tektonickom zlome, vysky-
ty Branisko, Cierna hora a Spania Dolina s vdizbou uranovych mineralov na
pyritizované zény v metaarkozach. Rudny vyskyt Pora¢ ma podobny charak-
ter ako lozisko Muran. Rudny vyskyt Matejovce nad Hornadom leZi v horni-
nach permu a karbonu. Okrem toho sa vyskytuje na Slovensku aj mnozstvo
inych, geneticky pestrych pripadov uranovej mineralizacie.

V sthrne sa da konstatovat, Ze v uvadzanych loZiskach a vyskytoch uranovych
rud je hlavnym mineralom uraninit (obr. 6). Iné uranové mineraly, napriklad U-
-Ti-oxidy, brannerit (obr. 7) a coffinit, maji podradné zastupenie. V pripovr-
chovych cCastiach lozisk sa nachadzaju sekundarne uranové mineraly, a to najméa
zeleny torbernit (obr. 8), ZIty autunit a zriedkavo zeunerit a trogerit (obr. 9).
Mineraly toria sa vyskytuju len ako akcesorické mineraly v horninach.

lower ore grade. The discontinuous mineralization occurs on an area
of 0.4x2.5km. Major ore minerals here (RoJKOVIC et al., 1993)comprise
uraninite, U-Ti oxides and molybdenite (uranium-molybdenium ores).
The other uranium occurrences are too small or too low-grade to be called
deposits. They are just ore or mineralogic occurrences, but their character
is much more variegated. It applies for instance to the Gocaltovo occur-
rence where uranium mineralization is bound to phosphorite concretions
of marine origin, Zimna voda and Peklisko where uranium minerals along
with native gold are found on quartz veins, and Cu¢ma where uranium
minerals on quartz veins are associated with apatite (Fig. 5) and rare-earth
elements. Another notable occurrence is Buc¢ina where U minerals are
bound to limonite on a fault, as well as Branisko, Cierna hora and Spania
Dolina where U minerals are hosted by pyritized zones in metaarkoses. The
Pora¢ occurrence is similar to the Muran deposit. The Matejovce nad
Hornadom occurrence is hosted by a layer of pyritized arkoses. Further-
more, a multitude of other uranium occurrences of various origin is known
in Slovakia. In general, we may conclude that uraninite (Fig. 6) is the main
uranium mineral at the above deposits. Other U minerals, such as U-Ti oxi-
des, brannerite (Fig. 7) and coffinite are rare. Near-surface parts of the
deposits contain secondary U minerals, mainly green torbernite (Fig. 8),
yellow autunite and seldom also zeunerite and trogerite (Fig. 9). Thorium
minerals are just accessories in rocks.

Kolomorfné koncentrické agregaty uraninitu (hnedocierne)
v kremeni. Peklisko.

Obr. 5 Fig. 5

7:abul’kove’ kryStaly apatitu (biele) v zZile hnedého kremeria. 7:abular crystals of apatite (white) in a brown quartz vein.
Cuéma. Cu€ma.

Obr. 6 Fig. 6

Colloform concentric uraninite aggregates (brown-black) in quartz.
Peklisko.
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Obr. 7

Krystalicky brannerit (Eierny) v kremeni so zlatom (ZIté v strede
vpravo). Zimna voda.

Fig. 7
Crystalline brannerite (black) in quartz with gold (yellow in centre
at right). Zimna voda.

Obr. 8 Fig. 8
Krystaly torbernitu (zelené) v kremeni. Torbernite crystals (green) in quartz.
Peklisko. Peklisko.
Foto: J. Rojkovi¢
Obr. 9 Fig. 9

Relikty branneritu (hnedocéierne) obklopené trégeritom? (Zlty)
v kremeni. Peklisko.

Brannerite relics (brown-black) amidst trogerite? (yellow)
in quartz (red-brown). Peklisko.




6. METODIKA MERANIA A VYHODNOCOVANIA UDAJOV
PRE ZOSTAVENIE MAP PRIRODNEJ RADIOAKTIVITY

Metodika merania je prispdsobena zakladnym mapam prirodnej radioakti-
vity, ktoré hodnotia jednotlivé zloZky prirodného geologického prostredia.
Ide o mapy prirodnej radioaktivity hornin, mapy radénového rizika a mapy
prirodnej radioaktivity vod.

6.1. Metodika zostavovania map prirodnej radioaktivity hornin

Mapy znazornuju plosné vyhodnotenie radioaktivity hornin a jej jednotli-
vych zloziek eU, eTh a K.
Merania sa vykonavali spektrometrami GS-256 priamo v teréne sposobom
tzv. referenénych ploch. Jedna referenéna plocha pozostavala z piatich
merani rozloZenych do kriza, pricom merané body boli vzdialené od stred-
ného bodu 20 m. Priemerna hodnota tychto merani bola zakladom hod-
noty referenéného spektrometrického bodu. Kontrolné merania sa robili na
desiatich percentach bodov a vzorky na kontrolné Stvorkomponentné
analyzy (laboratorne urcenie obsahov K, U, Th a Ra) sa odoberali z piatich
percent bodov. Laboratorne prace sa vykonavali vo firme MEGA, a. s. Straz
pod Ralskem (Ceska republika).
Pristroje pouzité na terénne merania sa raz rocne kalibrovali na kalibracnych
modeloch v Bratkoviciach u Pfibrami a raz mesacne boli skusané na kon-
trolnych modeloch URANPRES-u v Spisskej Novej Vsi-Novoveskej Hute.
Jednotlivé hodnoty K, U, Th sa vyratali Specidlnym pocitaCovym progra-
mom na zaklade nameranych hodnot a ciachovacich koeficientov z kalib-
raénych modelov, priCom vysledky sa vztahuju na geometriu 27T, teda
povrch zeme.
Aby vysledky merani zodpovedali skutocnym obsahom jednotlivych zlo-
ziek radioaktivity v zemskej kore, preratuvali sa tieto hodnoty na zaklade
stanovenia regresnych zavislosti, a to vztahom medzi terénnymi a labora-
tornymi vysledkami merani.
Pre jednotlivé radionuklidy sa stanovili rovnice regresnych priamkovych
zavislosti:
Draslik: K, = 0,741K,,, + 0,421 koeficient korelacie r,, = 0,826
Uran: Ra,,, = 0,692U,,, + 1,164 koeficient korelacie r,, = 0,705
Torium: Th,,, = 0,704 . Th,, + 3,385 koeficient korelacie r,, = 0,833

NajspolahlivejSiu korelaciu vykazuje torium a draslik, o ¢osi menS$iu uran.
Presnost merani gamaspektrometrie sa posudzovala z kontrolnych merani
na 7 248meranych bodoch. Hodnotené subory pre jednotlivé komponenty
boli rozdelené do obsahovych podsuborov. S najva¢Sou presnostou je me-
rand uhrnna radioaktivita a draslik, menej presne uran, najma v obsahovom
podsubore 0—2 ppm, teda v intervale nizkoradioaktivnych hornin, kde je
citlivost pristroja mensia. Vysledky kontrolnych merani su v tabulke 6.
Hodnoty celkovej radioaktivity vyjadrené v jednotke ur zavisia od paramet-
rov pristroja (detektor a diskrimina¢na hladina registrovanej energie) a od
zodpovedajucich uranovych ekvivalentov draslika a toria. Celkova radio-
aktivita sa vyratuva podla vztahu, ktory plati pri pouziti spektrometrov GS-
-256 pre diskrimina¢nu hladinu E ;,, = 840keV a pouziti detektora Nal (TI)
s objemom 348cm?:

eU, (ur) = 2,79K (%) + eU (ppm) + 0,48eTh (ppm)
6.2. Metodika zostavovania map radonového rizika

Ked sa zacali merania pre odvodenu mapu radénového rizika v mierke
1:200000 (rok1990),v CSFR sa pouZivala metoda SAN. Preto sa merania
robili touto metdédou. V sucasnosti sa uplatiujui modernejSie metddy,
najma detekcia radonu pomocou Lucasovych komor.

Metodiku SAN (obr. 10) s citlivostou merania 1 kBq.m™ vypracoval Ura-
novy prizkum, k. p. Liberec a schvalilo ju referen¢né laboratorium hlav-
ného hygienika CSFR. Objemova aktivita radénu v podnom vzduchu je
variabilna a zavisi od mnohych okolnosti. Ako najdéveryhodnejSia me-
toda sa ukazala metoda referenénych ploch, kde 1 referenéna plocha
predstavuje 25—30 bodov SAN v plosnom, resp. profilovom merani.
Objemova aktivita radonu v podnom vzduchu sa stanovila na zaklade
merania povrchovej alfa aktivity dcérskych produktov radonu deponova-
nych na detekénej félii umiestnenej vo vitanych sondach, hlbokych 80 cm.
V kazdej navitanej sonde sa sucasne zistoval davkovy prikon Ziarenia
gama.
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6. MEASUREMENT AND ASSESSMENT TECHNIQUES
USED TO COMPILE NATURAL-RADIOACTIVITY MAPS

Measurement techniques comply with basic maps of natural radioactivity
which evaluate individual components of natural geological environment.
The maps are as follows. maps of natural rock radioactivity, maps of radon
risk and maps of natural water radioactivity.

6.1. Techniques Used to Compile Natural-Rock-Radioactivity Maps

The maps illustrate areal distribution of rock radioactivity and its compo-
nents eU, eTh and K. Field measurements were conducted by the spectro-
meter GS-256through the so-called reference-area technique. One referen-
ce area was composed of five cross-like distributed measurements, the mea-
sured points being 20 m away from the central point. The average value of
these readings amounted to the basis of a given spectrometric reference
point. Check readings were taken on 10 %of points, and samples for check
four-element analyses (laboratory determinations of K, U, Th and Ra) were
collected on 5% of measured points. Laboratory determinations were made
by the company MEGA, a. s. Straz pod Ralskem, Czech Republic.
The instruments used for the field measurements were calibrated once a year
on calibration models at Bratkovice u Pribrami, and once a month were tes-
ted on URANPRES’ check models at SpiSska Nova Ves — Novoveska Huta.
Individual K, U and Th contents were calculated by a special software from
the measured values and calibration coefficients derived from calibration
models, the results applying to 2 pi geometry, i.e. to the earth’s surface.
To ensure that the measurements correspond to real contents of respective
radioactivity components in the earth’s crust, the readings were adjusted
on the basis of determined regression relationships between field and labo-
ratory measurements.
Regression straightline relationships were determined for respective radio-
nuclides:

Potassium K, = 0.741K,,, + 0.421 correlation coefficient r,, = 0.826

Uranium Ra,, = 0.692U , + 1.164 correlation coefficient r,, = 0.705
Thorium Th,, = 0.704Th,,, + 3.385,correlation coefficient r,, = 0.833
Thorium and potassium display the most reliable correlations, while that of
uranium is less reliable.
The accuracy of gamma ray spectrometry was evaluated on the basis of
7 248 check measurements. The evaluated sets for respective components
were divided into content subsets. Total radioactivity and potassium were
measured most accurately. Uranium measurements were less accurate,
notably in the subset 0—2 ppm, i.e. subset of low-radioactive rocks, where
the instrument used is less sensitive. The results of the check measurements
are given in Tab. 6.
Total radioactivity values given in the unit ur depend on the instrument
parameters (detector and discrimination level of registered energy) and cor-
responding uranium equivalents of potassium and thorium. Total radioac-
tivity is calculated through the following equation which is valid for GS-256
spectrometers, discrimination level E,,, = 840keV and 348 cm® Nal (TI)
detector:

eU, (ur) = 2,79K (%) + eU (ppm) + 0,48eTh (ppm)
6.2. Techniques Used to Compile Derived Radon-Risk Map

The SAN method was known and applied in Czechoslovakia at the time
when the measurements for the derived radon-risk map at scale 1:200000
started (in 1990),and therefore the method was applied also in this project.
It has currently been replaced by up-to-date techniques, primarily Radon
detection through Lucas chambers.

The SAN technique (Fig. 10) with reading accuracy of 1 kBq.m™ was de-
signed by the Liberec-based company Ur novy prizkum (Uranium Survey)
and approved by a reference laboratory of the chief health officer. Radon
volume activity in soil air is variable and depends on many factors. The
reference-area method where 1 reference area represents 25—30 SAN
points of areal or profile measurements turned out to be most reliable.
Radon volume activity in soil air was determined from the measurements
of surface alpha activity of radon daughter products deposited on a detec-
tion foil located in 80-cm-deep drilled pits. Gamma radiation dose input
was also determined in each such pit.



VYHODNOTENIE KONTROLNYCH MERANi SPEKTROMETRIE GAMA TAB. 6 EVALUATION OF GAMA SPECTROMETRIC CHECK MEASUREMENTS
Hodnoteny interval Pocet hodnét Standardna odchylka o Relativna chyba merania
Evaluated interval Number of values Standard deviation Relative innacuracy of measurements
[%], [ppm], [ur] N [, [ppm], [ur] P [%]
Draslik 0-1 898 0,08 13,17
Potassium
(%) 1-2 4844 0,10 6,44
2-3 1245 0,12 5,19
3-4 213 0,20 6,15
4 aviac / and more 48 0,20 4,19
cely subor / total set 7248 0,10 6,55
Uran 0-2 1430 0,38 24,42
Uranium
(ppm) 2-4 4513 0,44 14,91
4-6 1136 0,61 13,63
6 aviac / and more 170 0,93 13,03
cely subor / total set 7249 0,48 15,84
Torium 0-5 902 0,55 16,75
Thorium
(ppm) 5-10 4106 0,70 9,13
10-15 2047 0,91 7,79
15-20 167 1,44 8,97
20 aviac / and more 26 1,66 7,27
cely subor / total set 7248 0,78 9,16
Uhrnna radioaktivita 0-5 296 0,41 12,21
Total radioactivity
(ur) 5-10 2075 0,46 5,64
10-15 3584 0,55 4,53
15-20 1097 0,69 4,20
20 aviac / and more 196 1,08 4,67
cely subor / total set 7248 0,57 4,88

Obr. 10

Meranie objemovej aktivity
radénu v pbdnom vzduchu
metodikou SAN

A - vitaCka so zemnym vrtakom

B - adsorbcna félia na pevné
produkty rozpadu radénu

C - komora na ulozZenie
deponacnej folie

D - ilova zatka na utesnenie vrtu

E - sonda pristroja

F - ovladaci panel pristroja

Fig. 10
Measuring radon volume activity
in soil air by SAN method

A - drill with earth auger

B - adsorbtion foil for solid
products of radon decay

C - chamber containing
deposition foil

D - clay plug to close the pit

E - apparatus probe

F - control panel of the
apparatus

Obr. 11

Meranie objemovej aktivity radénu
v pédnom vzduchu metodikou LUK

A - odberna rurka

B - vyrazacia ty¢

C - strateny hrot

D - odsavacia hlava

E - injekCna striekacka JANETT

F - Lucasova scintilacna komora

G - pristroj na meranie objemo-
vej aktivity radénu

H - oviladaci panel pristroja

| - sonda pristroja

J - kruhovy menic¢ scintilacnych
komoér

< [

3

4

Fig. 11
Measuring radon volume activity
in soil air by LUK method

A - collecting tube

B - striking rod

C - lost point

D - suction head

E - syringe JANETT

F - Lucas’ scintallation chamber

G - apparatus to measure radon
volume activity

H - control panel of the apparatus

| - apparatus’ probe

J - circular changer of
scintillation chambers

Metoda merania radonu pomocou Lucasovych komér (obr. 11)je zaloZena na
detekcii emitovanych Castic alfa radénom a jeho dcérskymi produktmi, ktoré pri

The Lucas chamber technique to measure radon contents (Fig. 11) is based
on emitting alpha radon particles and its daughter products which, upon
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dopade na scintilaénu latku ZnS(Ag), vyvolavaju v scintilaénej komore sve-
telné zablesky. Tie sa zaznamenavaju cez fotonasobi¢ v pristroji. Vzduch
do scintilaénej komory sa odobera odbernou tycou z vytikanych sond
z hibky 0,8 m.

Zakladné veliCiny potrebné na posudenie radonového rizika v podnom vzdu-
chu geologického podloZia su: objemova aktivita >*’Rn vyjadrena v kBq.m™
a kategoria zakladovych pod (podla STN 73 1001),z ktorej sa odvodzuje
plynopriepustnost hornin. Pri tejto klasifikacii sa vychadza z percentualneho
zastipenia jemnozrnnych ¢astic v hornine (tab. 7).

falling on the scintillation matter ZnS(Ag) placed in a scintillation cham-
ber, cause flashing light that are recorded through a photomultiplier in the
instrument. Air is sucked into the scintillation chamber through a collec-
tion rod from a depth of 0.8 m.

Essential characteristics needed to assess radon risk in soil air of the geo-
logical substratum include ??Rn volume activity given in kBq.m™ and foun-
dation-soil category (according to Slovak state standard 73 1001) the later
being used to derive gas permeability of rocks.

This classification is based on the percentages of fine grains in the rock (Tab. 7).

KATEGORIE PLYNOPRIEPUSTNOSTI ZAKLADOVYCH POD

TAB. 7 GAS-PERMEABILITY CATEGORIES OF FOUNDATION SOILS

Kategorie priepustnosti zakladovych pod / Gas-permeability categories of foundation soils

Triedy zemin podla STN 73 1001 / Soil categories according to STN 73 1001

Malo priepustné / Poorly permeable f >65 %

F5, F6, F7, F8

Stredne priepustné / Moderately permeable 15% < f <65%

F1, F2, F3, F4, 84, S5, G4, G5

Dobre priepustné / Highly permeable f <15%

81, 82, 83, G1, G2, G3

Hodnotenie radonového rizika sa opiera aj o zhodnotenie geologickej
situacie skimanej plochy, do ktorého sa zahfna posudenie litologického
typu hornin, radioaktivity hornin v podlozZi, vertikdlneho vyvoja hornin
najmad s ohladom na ich homogenitu a plynopriepustnost, posudenie
strukturno-tektonickej situacie uzemia a dalSich vplyvov.

Urcenie radonového rizika jednotlivych meranych bodov sa robilo podla
tab. 8.

Pri zostavovani odvodenych map radénového rizika sa vyuzili geofyzikalne
informacie ziskané spracovanim archivnych materialov, a to predovSetkym
povrchovych radiometrickych a emanacnych merani, automobilového ga-
maprieskumu, leteckej gamaspektrometrie, radiometrického vzorkovania
hornin a ich analyz a z geologickych podkladov.

Based on the evaluation of geological structure of the investigated area,
radon-risk assessment focuses on rock types, radioactivity of subjacent
rocks, vertical changes in rocks, mainly their homogeneity and gas perme-
ability, as well as on structural-tectonic conditions in the territory concer-
ned and other factors.

The determination of radon risk in individual measurement points is shown
in Tab. 8.

The derived radon-risk maps were based on earlier geophysical data, mainly
surface radiometric and emanation measurements, truck gamma survey, air-
borne gamma spectrometry, radiometric rock sampling and rock analyses,
and on geological data.

KATEGORIE RADONOVEHO RIZIKA
Z GEOLOGICKEHO PODLOZIA URCENE MERANIM

TAB. 8 RADON RISK CATEGORIES FROM GEOLOGICAL

SUBSTRATUM DETERMINED BY MEASUREMENTS

Objemova aktivita 2°Rn v pédnom vzduchu (kBg . m®) v zakladovych pédach podia plynopriepustnosti
222Rn volume activity in soil air (kBg. m™®) in foundation soils by gas permeability
Radonové riziko
Radon risk Plynova priepustnost / Gas permeability
Mala / Low Stredna / Medium Vysoka / High
nizke / low <30 <20 <10
stredné / medium 30-100 20-70 10-30
vysoké / high >100 >70 >30

6.3. Metodika zostavovania map prirodnej radioaktivity vod

Mapy prirodnej radioaktivity vod sa zostavovali na zaklade odobratych
vzoriek vod a ich laboratérneho spracovania. Uelom map je poznanie su-
¢asného stavu radioaktivity vod v jej najdoleZitejSich zlozkach prirodnej
radioaktivity, a to radionuklidov ???Rn, ?*Ra a zmesi radionuklidov
238 a %3%U oznacovanej ako U,

Z uzemia Slovenskej republiky sa odobralo 5271vzoriek z pramenov, mi-
neralnych pramenov, z vrtov s prelivom oby¢ajnej, mineralnej aj termalne;j
vody, zo studni, z vodnych zdrojov, z ¢erpanych vrtov, z vytokov banskych
vod, vodnych tokov, jazier, odkalisk. Hustota odberu v mierke prieskumu
1:200000je jedna vzorka na 10 km? v niektorych oblastiach (Horna
Nitra, Mala Fatra, Nizke Tatry, Starohorské vrchy, Hornadska kotlina
a vychodna cCast Slovenského rudohoria, Slanské vrchy, KoSicka kotlina)
v mierke prieskumu 1:50000jedna vzorka na 5 km? V ramci vzorkova-
cich prac sa 10 % vzoriek odoberalo a kontrolne analyzovalo na overenie
spravnosti vysledkov.

Pri odbere vody sa sledovali tieto parametre. teplota vody, jej senzorické
vlastnosti, vydatnost zdroja, pH a ¢as odberu vzorky.

Koncentracia U,,, objemova aktivita °Ra a ?*’Rn sa stanovovali labora-
téorne. Koncentracia U,, sa urcovala kolorimetricky pristrojom VSV-26
s rozsahom citlivosti 0,002 —0,40ng.1" uranu. Objemova aktivita >*°Ra sa
stanovovala na pristroji NZQ (Tesla Liberec). Objemova aktivita ?’Rn sa
urcovala na pristroji LUK-1 so scintilaénymi Lucasovymi komorami. Ko-
mory a pristroje su ciachované v laboratoriach URANPRES, s.r.o. Spisska
Nova Ves, vonkajSia kontrola sa robila podla kontrolnych okruznych ana-
lyz a overovania na UPKM v Bratislave.
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6.3. Techniques Used to Compile Maps of Natural Water
Radioactivity

The maps of natural water radioactivity are based on water samples and
their laboratory determinations. The maps are designed to learn the cur-
rent state of water radioactivity and its major components, namely radio-
nuclides ?2?Rn, ??°Ra and a mixture of radionuclides 2*®U and #**U referred
to as U, ,. 5271samples were collected from Slovakia’s springs, mineral
springs, normal, mineral and thermal waters from overflowing we 1ls, from
wells, water sources, pumped wells, mine effluent, streams, lakes and tai-
ling dumps. Sampling density at the survey scale of 1:200000was one
sample per 10 km? and in some areas (Upper Nitra Valley, Mala Fatra,
Nizke Tatry, Starohorské vrchy Mts., Hornad Basin, and eastern Slo-
venské rudohorie, Slanské vrchy, and KoSice Basin) surveyed at scale
1:500000ne sample per 5 km? Check analyses were made on 10% of
samples.

The collecting of water samples included measurements of the following
parameters. water temperature, water sensoric properties, source dischar-
ge, pH and time when the sample was collected.

U, contents as well as ?Ra and #*’Rn volume activities were determined
in laboratories. U ,, contents were measured through colorimetric method
on a VSV-26 instrument whose sensitivity range was 0.02—0.40mg.I"".
226Ra volume activity was determined on the instrument NZQ (Tesla Li-
berec). ?*Rn contents were measured by the apparatus LUK-1 with Lucas-
-type scintillation chambers. The chambers and apparatuses were calibrated
in URANPRES’ laboratories at SpiSska Nova Ves, external check analyses
were made in various laboratories and verified in UPMK, Bratislava.



6.3.1. Kategdrie objemovej aktivity a koncentracii radionuklidov vo
vodach a klasifikacia radioaktivnych véd

V zmysle pripravovanej smernice na zostavovanie radiohydrochemickych
map sa vody delia do tychto kategorii:

Uran
Na zaklade obsahov U__ :

nat*

I. nizka koncentracia — U,_,, <0,005mg.1™*
I1. mierne zvysena koncentracia — U,_,, 0,005—0,020ng.I*
I11. zvysena koncentracia — U,,, 0,021 —0,10Gng.I"*

IV. vysoka koncentracia — U, >0,100mg.1"*

Radium
Na zaklade objemovej aktivity 2*°Ra:
I. nizka objemova aktivita — a, °Ra <0,1Bq.I*
I1. mierne zvySena objemova aktivita — a, >*Ra 0,1—0,5Bq.1*
I1I. zvy$ena objemova aktivita — a, ?°Ra 0,5—1,0Bq.I"*
IV. vysoka objemova aktivita — a, ?°Ra >1,0Bq.I"*

Radon
Na zaklade objemovej aktivity 2*’Rn:
I. veI'mi nizka objemova aktivita — a, ?’Rn <20 Bq.I"*
II. mierne zvySena objemova aktivita — a, ?Rn 20—50Bq.I™*
I11. zvySena objemova aktivita — a, ?’Rn 51—200Bq.I*
IV. vysok4 objemova aktivita — a, >*Rn >200Bq.I*

Klasifikacia radioaktivnych vod

L. Luc¢ivjansky navrhuje takuto klasifikaciu radioaktivnych vod:
Za rddioaktivnu vodu sa pokladd voda, ktorej aspon jedna z hodnét prekracuje
tieto limity: koncentrdcia U,, 0,03mg.I"*, objemovd aktivita “**Ra 0,5Bq.I™", obje-
movd aktivita ***Rn 200 Bg.I™.
Podla objemovej aktivity 2?°Ra sa vody rozdeluju na:

a. Slabo radiové — objemova aktivita **°Ra od 0,5do 5,0 Bq.I"".

b. Stredne radiové — objemova aktivita ?*°Ra od 5,0 do 50 Bq.I*

c. Vysoko radiové — objemova aktivita >?°Ra je vyssia ako 50 Bq.I™%.
Podla objemove;j aktivity *?Rn moZeme vody rozdelit na:

a. Slabo radonové — objemova aktivita >*?Rn je od 200do 1000Bq.I*

b. Stredne radonové — objemova aktivita ?’Rn je od 1000do 5000Bq.I*

c. Vysoko radénové — objemova aktivita °*’Ra je vyssia ako 5000Bq.I™

6.3.1. Categories of Radionuclide Volume Activities and Concen-
trations in Waters and Classification of Radioactive Waters

According to a draft regulation to compile radiohydrochemical maps, wa-
ters are classified as follows:

Uranium
Based on U, contents:
I. low concentration — U, content <0.005mg.1*
I1. slightly increased concentration — U, content 0.005—0.02Gng.1™*
I11. increased concentration — U, content 0.020—0.10Gng.I*
IV. high concentration — U, content >0.100mg.1"*

Radium
Based on ?*°Ra volume activity:
I. low volume activity —a, ?°Ra <0.1Bq.I"*
I1. slightly increased volume activity —a, ?**Ra 0.1—0.5Bq.I"*
III. increased volume activity —a, ***Ra 0.5—1.0Bq.I**
IV. high volume activity —a, ?*Ra >1.0Bq.I*

Radon
Based on ?*’Rn volume activity:
I. very low volume activity —a, ?*Rn <20 Bq.I*
I1. slightly increased volume activity —a, ?*Rn 20—50Bq.I*
I11. increased volume activity —a, *Rn 50—200Bq.I*
IV. high volume activity —a, ?**Rn >200Bq.I"*

Classification of Radioactive Waters

The below classification of radioactive waters has been proposed (Lu-
CIVIANSKY L., 1996):
Water is regarded radioactive, if it contains more than 0.03mg.I* U, ,, its *°Ra
volume activity exceeds 0.5 Bq.I™* and **°Rn volume activity is over 200 Bg.I™.
As to ??°Ra volume activity, waters can be classified as follows:

a) slightly radioactive ***Ra volume activity exceeds 0.5Bq.I*

b) moderately radioactive ?*°Ra volume activity exceeds 5.0 Bq.1*

c) highly radioactive **Ra volume activity exceeds 50 Bq.I"*
As to ?*?Rn volume activity, waters can be classified as follows:

a) slightly radoniferous — ??Rn volume activity exceeds 200 Bq.I*

b) moderately radoniferous — #?Rn volume activity exceeds 1 000Bq.I*

c) highly radoniferous — ?*Rn volume activity exceeds 5000Bq.I™.
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7. MAPY PRIRODNEJ RADIOAKTIVITY SLOVENSKA

Mapy prirodnej radioaktivity podavaju obraz o rozsireni zdrojov tohto javu na
uzemi Slovenska. Ide o mapy prirodnej radioaktivity hornin, radioaktivity vod,
radonového rizika a kozmického Ziarenia. Tieto mapy su podkladom radio-
ekologického hodnotenia uzemia Slovenska, ale aj dalSich ¢innosti, napriklad
tvorby a ochrany Zivotného prostredia, izemného planovania a stavebného
poriadku, rieSenia Specialnych geologickych a hydrogeologickych problémov,
vyskumnej ¢innosti, medzinarodnych vyskumnych programov, ale aj vzdelava-
nie v §irSom zmysle.
Jednotlivé mapy sa v dalSom texte tohto atlasu opisuju v takomto ¢leneni:
— mapa davkového prikonu kozmického Ziarenia;
— radiometrické mapy hornin:

— draslik (K)

— torium (Th)

—uran (U)

—uran celkovy (U celk.)

— davkovy prikon (f)a);

— odvodena mapa radonového rizika;
— mapy prirodnej radioaktivity vod:

—uran (Unat.)

—radium (*°Ra)

—radon (“Rn).
Pri konStrukcii radiometrickych map hornin sa pouzili vysledky merani
pozemnej gamaspektrometrie na 15573bodoch.

7.1. Mapa davkového prikonu kozmického ziarenia

Mapa davkového prikonu kozmického Ziarenia (mapa C.R.) v zasade kopiruje
mapu nadmorskych vySok, pretoze sa konstruovala podla Muritha a Gurtnera

(1990):
Da,,,... = 37.€°%" (nGy.h?),

kde h je nadmorska vySka udavana v km.

Slovensko je krajina vyrazne Clenita, pricom rozdiel medzi najniz§im a naj-
vy$§$im bodom je 2559 m. Miesto s najniZSou nadmorskou vyskou lezi
v blizkosti Stredy nad Bodrogom. Ma nadmorsku vy§ku 94 m n. m., a teda
jeho davkovy prikon z kozmického Ziarenia je 38,3 nGy.h™. Najvyssim
miestom je Gerlachovsky Stit s vySkou 2655 m s davkovym prikonom

7. NATURAL-RADIOACTIVITY MAPS OF SLOVAKIA

Maps of natural radioactivity illustrate distribution of natural radioactivity sour-
ces in the Slovak territory. They include maps of natural radioactivity of rocks,
radioactivity of waters, radon risk and cosmic radiation. These maps constitute
a basis for radioecological assessment of the Slovak territory, but also for fur-
ther studies, such as creation and conservation of the environment, land-use
planning and building code, resolving special geological and hydrogeological
issues, research, international projects as well as education in its broad sense.
The following maps are described in the text below:
— map of cosmic radiation dose rate
— radiometric maps of rocks

— potassium (K)

— thorium (Th)

—uranium (U)

— total uranium (U tot.)

— dose rate (ba)

— derived map of radon risk
— maps of natural radioactivity of waters

— uranium (U,,,)

— radium (**°Ra)

—radon (**Rn)
The radiometric maps of rocks were based on ground gammaspectrometric
measurements on 15573points.

7.1. Map of Cosmic Radiation Dose Rate

The map of cosmic radiation dose rate (map C.R.) essentially corresponds
to the altitude map as it was compiled after Murith and Gurtner (1990):

I.)acoSmic = 37 e%*#"(nGy.h?),

where h is altitude above sea level in km.

Slovakia has a rugged topography, the difference in altitude between the
lowest and highest place being 2559m. The lowest place is near Streda
nad Bxodrogom. Its altitude is 94 m and its cosmic radiation dose rate
is 38.3 nGy.hr*. The highest place is 2655m-high Mt. Gerlachovsky
§tit with dose rate 101.5nGy.hrt. This value obviously increases with in-
creasing altitude and 10000m above the sea level (altitude reached by
modern jets) it amounts to 1 654nGy.hr™. Taking into account distribu-

DAVKOVY PRIKON KOZMICKEHO ZIARENIA TAB. 9 COSMIC RADIATION DOSE RATE
PRE JEDNOTLIVE TYPY RELIEFOV IN RESPECTIVE ALTITUDES
Rozloha / Area Nadmorska vyska / Altitude Da,.c
Typ / Type Km?
m od / from do /to od / from do /to

Niziny / Lowlands 20045 94 300 38,3 41,5

Nizke vysiny / Low highlands 22089 301 800 41,5 50,1

Stredné vysociny / Medium highlands 6350 801 1500 50,1 65,4

Vysoké vysociny / High highlands 515 1501 2655 65,4 101,5

101,5nGy.h™. Ako je zrejmé, tato hodnota sa s vyskou zvysuje, a tak pri
letoch modernych lietadiel s vySkou letu okolo 10000 m n. m. je to
1654 nGy.h. Ak berieme do uvahy rozloZenie niZin a vysoéin na Slo-
vensku, potom k jednotlivym skupindm je mozZné priradit I')acosmic tak, ako
uvadza tabulka 9.

Priemerna hodnota davkového prikonu z kozmického Ziarenia na uzemi
Slovenskej republiky je 44,3nGy.h™.

7.2. Mapa koncentracii draslika

Draslik je jednym z dvoch alkalickych kovov (Na a K), ktoré patria medzi
horninotvorné prvky, pricom priemerny obsah draslika v zemskej kore je
2,52%.V jednotlivych horninovych typoch ma draslik takéto zastupenie
(PoLANSKI-SMULIKOWSKI, 1978):

Magmatické horniny:

—ultrabazické  0,03%
— bazické 0,83%
— strednobazické 2,30%
—kyslé 3,34 %.
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tion of lowlands and highlands in Slovakia, Da
illustrated in Tab. 9.
Cosmic radiation dose rate in Slovakia averages 44.3nGy.hr™.

in respective areas is

cosmic

7.2. Map of Potassium Concentrations

Potassium is one of two alkali metals (Na and K) included among rock-for-
ming elements, its content in the earth’s crust being 2.52 %.Potassium percen-
tages in individual rock types are as follows (POLANSKI-SMULIKOWSKI, 1978):
Igneous rocks:

— ultramafic rocks 0.03%

— mafic rocks 0.83%

— intermediate rocks 2.30%

— acid rocks 3.34%
Sedimentary rocks:

— clayey 2.66%

—sandy 1.07%
Sea water 0.04%



Sedimentarne horniny:

—ilovité 2,66%
— piescité 1,07%
Morska voda 0,04%

V poradi prvkov obsiahnutych v zemskej kore je draslik na siedmom mieste
(2,52hmotnostnych %). Z troch izotopov draslika je radioaktivny len “°K.
Hodnoty koncentracie draslika sa pohybuju od vel'mi nizkych (0,1 %v mezo-
zoickych vapencoch a dolomitoch Vel'kej Fatry) az po hodnotu 5,4 %v spod-
notriasovych horninach melafyrovej série na sklenoteplickom ostrove (mapa
K). Priemerna hodnota vyratana zo vSetkych merani na uzemi Slovenska je
1,61% (obr. 12)¢o je vzhladom na udavanu koncentraciu draslika v zem-
skej kore (2,52 %)relativne nizsia hodnota. VSeobecne plati, Ze zvySena hod-
nota koncentracie draslika sa vyskytuje predovSetkym na vystupoch krystalic-
kych alebo premenenych hornin na zemsky povrch. Bazické vulkanity su
charakteristické skor niz§imi hodnotami ako kyslé.

V ramci regionalneho geologického ¢lenenia Slovenska sa najniz§imi hod-
notami koncentracie draslika vyznacuji Chocské vrchy (1,29 %),paleogén
Strazovskych vrchov (1,30 %)a oravsky paleogén (1,35 %).Najvyssimi hod-
notami sa prejavuje veporikum lubietovskej zony (2,38 %).

Pri mape koncentracii draslika (mapa K) je aj mapka pomerov Th/K.
Tento pomer moOZe charakterizovat geologické procesy prebiehajuce v zem-
skej kore, napr. postmagmatické, alebo hydrotermalne. Pre zemsku koru
sa tento pomer udava hodnotou 4,0, pre kyslé magmatické horniny 4,5,
pre bazické horniny 3,5, pre vapence 6,0, pre bridlice 3,5, hliny 3,0, pies-
kovce 4,0a pre pody 4,0 (v morskej vode len 0,02).Pre uzemie Slovenska
je tento pomer 5,8,¢o je pomerne vysoka hodnota sposobena niz§im obsa-
hom draslika.

Statisticka charakteristika jednotlivych litotypov je na obr. 12.

As to weight, potassium is the seventh most abundant element in the earth’s
crust (2.52wt. %). Out of 3 potassium isotopes, only “°K is radioactive.
Potassium contents range from very low (0.1%)in Mesozoic limestones
and dolomites in the Vel'ka Fatra area to 5.4 %in Lower Triassic rocks of
the Melaphyre series in the Sklené Teplice island (map K). The average
value calculated from all measurements in the Slovak territory is 1.61 %
(Fig. 12) —considerably less than the average content in the earth’s crust
(2.52%).In general, potassium concentrations are increased mainly in the
vicinity of outcrops of crystalline or metamorphosed rocks. As regards vol-
canic rocks, mafic volcanics typically have lower contents than acid ones.
As to the regional geological division of Slovakia, the lowest potassium con-
centrations occur in the Chocské vrchy (1.29 %),Paleogene of the Strazov-
ska hornatina (1.30%)and Orava Paleogene (1.35%).

In contrast, the highest concentrations are in the Veporic Lubietova zone
(2.38%).

The map of potassium concentrations (map K) is accompanied by a map
of Th/K ratios. This ratio may characterize geological processes in the
earth’s crust, such as postmagmatic or hydrothermal ones. The ratio is 4.0
in the earth’s crust, 4.5in acid igneous rocks, 3.5in mafic rocks, 6.0in
limestones, 3.51in shales, 3.0in loams, 4.0in sandstones and 4.0 in soils.
The ratio in sea water is a mere 0.02.The fairly high ratio in the Slovak ter-
ritory (5.8)is caused by lower potassium contents.

Statistical characteristics of individual lithotypes is in Fig. 12.

7.3. Map of Thorium Concentrations

Out of six thorium isotopes, *2Th is most important as it is the parent of
thorium decay series.

Statisticka charakteristika komplexného stboru hodnét prirodnej aktivity hornin
Z oblasti Slovenska - draslik
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Statistical characteristics of complex set of values of natural radioactivity of
rocks in Slovakia - potassium

7.3. Mapa koncentracii téria

Zo siestich izotopov toria ma najvacsi vyznam 23°Th, ktory je materskym
prvkom toriového radu.
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Average thorium concentration in the earth’s crust has been estimated at
8—12ppm. Thorium contents in rocks are variable: 18 ppm in acid igneous
rocks, 3 ppm in mafic rocks, 11ppm in shales and clays, 10 ppm in sand-
stones and 1.8 ppm in limestones. Average thorium concentration in



Priemerna koncentracia toria v zemskej kore sa udava hodnotou
8—-12 ppm. V kyslych magmatitoch je to 18 ppm, v bazickych 3 ppm,
v bridliciach a iloch 11 ppm, v pieskovcoch 10 ppm a vapencoch 1,8 ppm.
Priemerna koncentracia toria na Slovensku je 9,4 ppm Th. Namerané hod-
noty sa pohybuju v pomerne Sirokom rozsahu od prvych jednotiek ppm az
po 26 ppm (mapa Th).

V regionalnom geologickom ¢leneni od zapadu na vychod ma najnizsie
hodnoty Viedenska panva, najma jej zahorsko-dolnomoravska ¢ast, a to od
6,3 ppm do 14,20 ppm s priemerom 6,85 ppm. V juZnej Casti Malych
Karpat dosahuju obsahy od 7,5 do 12 ppm, zatial ¢o v severnej Casti su
hodnoty nizsie, od 5 do 10 ppm.

Najnizsie hodnoty v Podunajskej panve sa namerali v juznej Casti (5—
8 ppm), smerom na sever hodnoty narastaji az po 12—14ppm. NiZsie hod-
noty sa vyskytuju v priestore najmladsich kvartérnych ulozZenin, vysSie hod-
noty si na miestach sprasi a spraSovych ilov eluvialnych a deluvialnych
sedimentov. Priemerna hodnota je 9,91 ppm.

Stredoslovenské neovulkanity maju priemerny obsah toria 9,71 ppm. Naj-
vyS§Sie hodnoty sa zaznamenali na neogénnych ryolitoch — 21,2ppm, bazal-
toch — 9,6ppm, andezitoch a tufoch — 10,6ppm. V Nizkych Tatrach sa po-
hybuju hodnoty obsahu toria od 4 do 13 ppm, priemer je 9 ppm. V Tatrach
maju vyssie hodnoty Rohace (12 ppm) a granodiority a granity na okoli
Gerlachovského §titu. Najnizsie hodnoty (7 ppm) vykazuju Belianske Tatry,
tvorené vapencami a dolomitmi.

Slovenské rudohorie (vychodna ¢ast) ma priemerny obsah toria 9,6 ppm,
pricom hodnoty sa pohybuju v Sirokych medziach od 4 do 26 ppm. Nizsie
su v severnej Casti, vySSie v juznej, najma v paleovulkanitoch. Nizke hod-
noty boli namerané v Slovenskom raji, v priemere 7,9 ppm, zato vySsie hod-
noty v Slovenskom krase, a to v priemere 10 ppm.

Vo vychodoslovenskych neovulkanitoch sa vyskytuju hodnoty okolo 9 ppm
(okrem stratovulkanov Bogoty a Milica, kde su hodnoty o Cosi vyssie, ¢o
moZze byt dosledkom vysSieho podielu ryolitov).

Slovakia is 9.4 ppm. Measured contents vary greatly from a few ppm to
26 ppm (map Th).

In the regional geological division from west to east, the Vienna Basin,
notably its Zahorie — Lower Moravia sector, has the lowest contents — from
6.3 to 14.20 ppm averaging 6.85 ppm. Thorium contents in the Malé
Karpaty are differentiated — 7.5—12ppm in the south and 5—10ppm in
the north.

In the Danube Basin, the contents are lowest in the south (5—8ppm) and
increase towards the north to 12—14ppm.

The lowest contents are associated with the youngest Quaternary deposits,
higher ones with loams and loamy clays of eluvial and deluvial sediments.
The average content is 9.91 ppm. The Central Slovakia Neovolcanics ave-
rage 9.71ppm Th, the highest concentrations being in Neogene rhyolites
21.2ppm, basalts 9.6 ppm, andesites and tuffs 10.6 ppm.

In the Nizke Tatry Mts., Th contents vary between 4 and 13,averaging 9 ppm.
In the Tatry area, the highest contents are found in the Rohace (12 ppm)
as well as in granodiorites and granites in the vicinity of Mt. Gerlachovsky
§tit. The lowest contents (7 ppm) occur in the Belianske Tatry underlain by
limestones and dolomites.

The Slovenské rudohorie (eastern part) has Th contents between 4 and
26 ppm, averaging 9.6 ppm. Lower contents are found in its northern sec-
tor and higher in the south, particularly in paleovolcanics.

The Slovak Paradise typically has low Th contents averaging 7.9 ppm, whe-
reas the Slovak Karst averages 10 ppm.

Thorium contents in the Eastern Slovakia Neovolcanics vary around 9 ppm,
except for Bogota and Mili¢ stratovolcanoes where they are somewhat
higher possibly as a result of abundant rhyolites.

In the intramontane basins, the highest average contents are in inner basins
(10.65ppm) and lowest in the Vienna Basin (6.85ppm).

The Klippen Belt averages 8.6 ppm Th and the Inner-Carpathian Paleo-
gene 9.1 ppm eTh.
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Obr. 13
Statisticka charakteristika komplexného stboru hodnét prirodnej aktivity hornin
Z oblasti Slovenska - térium

Fig. 13
Statistical characteristics of complex set of values of natural radioactivity of
rocks in Slovakia - thorium
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Z vnutrohorskych panvi a kotlin vykazuju najvysSie priemerné obsahy toria
vnutorné kotliny (10,65ppm), najnizsie su vo Viedenskej panve (6,85ppm).
Bradlové pasmo ma 8,6 ppm eTh a vnutrokarpatsky paleogén 9,1 ppm eTh.
Obr. 13 znazornuje Statistické spracovanie koncentracie toria v jednotli-
vych litotypoch Slovenska.

Pri mape Th je aj mapka pomeru toria k uranu. Hodnota tohto pomeru je
indikatorom vyskytu uranovej mineralizacie v pripadoch, ked’ je niZsi ako 1.
Indikuje nahromadenie jedného prvku, pripadne odnos prvkov, a to najméa
pri hydrotermalnych procesoch.

Pomer Th/U sa pohybuje zvycajne od 2,5 do 4,0. Jeho vysoké hodnoty
mozu indikovat uranovo-toriové vysokotermalne loZiskd, ale aj nahroma-
denie vzacnych zemin. Zmena pomeru moZe sved¢it o pritomnosti niekto-
rych dalSich prvkov viazanych na posledné diferenciaty magmatického kr-
bu, napriklad Sn, W, Mo, Zr, Be, Ta, Nb, a v alkalickych horninach Ta, Nb,
Zr a dalSie vzacne zeminy.

Najnizsie hodnoty ma tento pomer v Liptovskej kotline (2,0), hodnoty vys-
Sie ako 3,0 sa zistili v juhoslovenskej panve, Lucenskej kotline a Humen-
skych vrchoch (3,6). Priemerna hodnota pomeru Th/U pre Slovensko je
2,85.V zemskej kore sa zvyCajne udava hodnota 3,5.

7.4. Mapa koncentracii uranu

Priemerny obsah uranu v zemskej kore sa udava hodnotou 2,3 ppm. V mag-
matitoch sa zvySuje s kyslostou hornin (MATOLIN, 1994).Priemerné hod-
noty pre kyslé magmatity dosahuju 3,5 ppm, stredné 1,8 ppm a bazické
0,5 ppm. Bridlice a ily mavaju 4,0 ppm, pieskovce 3,0 ppm a vapence len
1,4 ppm U. Stredna hodnota je 2,9 ppm (MATOLIN, 1976).

Priemerna hodnota pre Slovensko vyratana z udajov zo vsetkych 15573bo-
dov je 3,3 ppm (obr. 14), priCom maximalne namerané hodnoty prevySo-
vali hodnotu 10 ppm. Absoltitne maximum bolo namerané na telese paleo-
ryolitu pri Telgarte a minimalne hodnoty uz na medzi detekcie (0,4 ppm eU)
vo vapencoch bradlového pasma (mapa U).

Fig. 13 shows statistical assessment of thorium concentrations in indivi-
dual lithotypes in Slovakia.

Map Th is accompanied by a map of Th/U ratios which, when below
1, indicate uranium mineralization. The ratio attests to accumulation
of one element or removal of elements, notably by hydrothermal pro-
cesses.

The Th/U ratio usually varies from 2.5to 4.0. High values may indicate
high-temperature uranium-thorium deposits or rare-earth occurrences.
Changes in the ratio may suggest the presence of some other elements
associated with the last residual differentiatives of a magma chamber, such
as Sn, W, Mo, Zr, Be, Ta, Nb, and in alkaline rocks Ta, Nb, Zr, and other
rare earths.

The lowest ratios occur in the Liptov Basin (2.0), whereas ratios above 3.0
have been noted in the Southern Slovakia Basin, Lucenec Basin and the
Humenské vrchy Mts. (3.6).The average Th/U ratio in Slovakia is 2.85and
in the earth’s crust is mostly estimated at 3.5.

7.4. Map of Uranium Concentrations

U content in the earth’s crust averages 2.3 ppm. In igneous rocks, the
content increases with increasing acidity (MATOLIN, 1994).1n acid ig-
neous rocks it is 3.5 ppm, in intermediate 1.8 ppm and in mafic ones
0.5 ppm. The content in shales and clays is 4.0 ppm, in sandstones
3.0 ppm and in limestones only 1.4 ppm U. The mean value is 2.9 ppm
(MATOLIN, 1976).

The average content calculated from all 15573points in Slovakia amounts
to 3.3ppm (Fig. 14),the maximum concentrations exceeding 10 ppm. The
highest contents have been measured in a paleorhyolite body near Telgart
and the lowest ones, close to the detection limit (0.4 ppm eU) in Klippen
Belt limestones (map U).

In the regional geological division, the lowest eU values have been noted
in the Vienna Basin averaging 2.47 ppm. These low values are caused by
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V regionalnogeologickom ¢leneni najnizsie hodnoty eU sa zaznamenali vo
Viedenskej panve s priemerom 2,47 ppm. Je to sposobené pritomnostou
viatych pieskov. NiZSie hodnoty sa zistili v naplavoch, v uloZeninach Du-
naja, Vahu, Nitry a Hrona. Vo flySovom pasme boli namerané obsahy eU
3,0 ppm, priCom hodnoty postupne narastaju od zapadu na vychod (naj-
vysSie hodnoty su v dukliansko-bukovskom flysi).

Koncentracia uranu v Malych Karpatoch je 3,28ppm eU. Vyssie hodnoty sa
vyskytuju v Povazskom Inovci (3,67 ppm eU). Najvyssie koncentracie eU
maju Starohorské vrchy (4,26 ppm). Spdsobuju to permské horniny, ktorych
vyskyt sa na celom Slovensku prejavuje zvySenymi hodnotami koncentracie
uranu, uranovymi anomaliami a rudnymi vyskytmi.

Vysoké Tatry maju priemernu hodnotu 3,10 ppm eU, pricom nizSie hod-
noty su v Belianskych Tatrach a v strednej Casti Vysokych Tatier. Nizke
hodnoty eU boli zistené na Branisku (2,74 ppm) a v humenskych vrstvach
(2,80 ppm). Vo veporiku sa najvyssie hodnoty vyskytuju v lubietovskej zo-
ne, a to 4,58ppm. Sposobuju to permské pieskovce, zlepence a bridlice. Vo
vychodnej cCasti Slovenského rudohoria sa pohybuju obsahy od 1,1 do
7,0 ppm, pricom priemerna koncentracia je 3,12ppm eU.

V stredoslovenskych neovulkanitoch koncentracia eU vyrazne koliSe — od
0,6 ppm az do 16,1ppm s priemernou hodnotou 3,59ppm. Vyssie hodno-
ty su v ryolitoch (8,23 ppm) (DANIEL — KUCHARIC, 1977).

Vo vychodoslovenskych neovulkanitoch su hodnoty koncentracie uranu
nizsie v priemere 3,05ppm eU, v Zemplinskych vrchoch je priemerna kon-
centracia 3,29 ppm eU.

Z terciérnych panvi ma najniZSie hodnoty uZ spominana Viedenska panva
(2,47 ppm eU), nasleduje Podunajska (3,40 ppm eU), Juhoslovenska
(3,43ppm eU) a Vychodoslovenska s hodnotou 3,45 ppm. Najvyssie hod-
noty maju vnutorné kotliny 3,85ppm.

Obr. 14 zachytava Statistické spracovanie obsahu eU a S§tatisticka charak-
teristiku jednotlivych geochemickych litotypov. Pri mape U je aj mapka
pomeru koncentracii U/K, priCom priemerna hodnota je 2,1.

7.5. Mapa celkovej radioaktivity hornin eU,

Mapa celkovej radioaktivity eU, zobrazuje prepocitanu celkovu radioaktivi-
tu hornin z prepoc¢tu podla vzfahu z kapitoly 6.1. Matolin (1976)udava
v horninach Zapadnych Karpat stredné hodnoty koncentracie K = 2,1 %,
U = 29ppm a Th = 11,6 ppm. Priemerna celkova radioaktivita hornin
vychadzajuca z prepoCtu koncentracii podla laboratérnych merani je
14,33ur. Podla pozemnych merani in situ je tato hodnota 12,4ur (obr. 15).
Tento rozdiel vznikol najma vplyvom typu pouzivaného pristroja, predo-
vSetkym detektora, ale aj v dosledku niZSich obsahov Th a K zistenych
meranim terénnou gamaspektrometriou.

Preratané hodnoty koliSu od 0,6 ur do 34,9ur v zavislosti od priemernych
hodnoét K, eU a eTh.

Z porovnania priemernych hodnoét jednotlivych regionalnych geologickych
celkov vyplyva, Ze najnizsie hodnoty ma Viedenska panva, a to 9,91 (mapa
T. G.). Na druhej strane najvyssie hodnoty sa zistili v ubietovskej zone
veporika (16,69ur) a v Starohorskych vrchoch (15,7 7ur).

V Malych Karpatoch ma vysSie hodnoty celkovej radioaktivity bratislavsky
granitovy masiv, niz§ie modransky masiv. V jadrovych pohoriach sa prie-
merné hodnoty eU, pohybuju od 10,53 ur v Choéskych vrchoch po
13,89ur v Nizkych Tatrach. Pomerne nizke hodnoty sa namerali aj na Bra-
nisku — 11,57ur.

Vo veporiku ma najvyssie hodnoty lubietovska zéna (16,69ur), najnizie
hronikum Kozich chrbtov, hoci sa tu zistili mnohé anomalie prirodnej
radioaktivity a malé rudné loZiska. Priemerna hodnota celkovej prirodne;j
radioaktivity gemerika Slovenského rudohoria je 12,88ur. V Slovenskom
raji je to 10,56ur a v Slovenskom krase 12,48ur.

Z paleogénnych oblasti ma najniZSie hodnoty paleogén Strazovskych vr-
chov (10,42ur) a oravsky paleogén (10,68ur), najvyssie hodnoty su v Lip-
tovskej kotline (13,01ur).

Na obr. 15je Statistické spracovanie celkovej radioaktivity hornin a Statis-
ticka charakteristika jednotlivych geochemickych litotypov.

7.6. Mapa davkového prikonu ziarenia gama hornin
Na zostavenie mapy davkového prikonu Ziarenia gama sa pouZzil pre-
poctovy vztah medzi obsahmi K, eU, eTh a davkovym prikonom (kap.

1.8.). Prepocitané hodnoty sa pohybuju v rozsahu od 3 nGy.h™* do
179nGy.h%.
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windblown sands. Lower values occur also in deposits of the Danube, Vah,
Nitra and Hron Rivers. The Flysch Belt averages 3,0 ppm eU, the conte-
nts increasing from west to east, i.e. the highest ones occur in the Dukla-
-Bukov Flysch.

Uranium concentration in Malé Karpaty is 3,28 ppm eU. Higher contents
are in the Povazsky Inovec (3.67 ppm eU) and the highest in the Staro-
horské vrchy (4.26 ppm) where they result from the presence of Permian
rocks which throughout Slovakia give rise to increased uranium contents,
anomalies or even ore occurrences.

The Vysoké Tatry average 3,10 ppm eU, with below-average contents in
the central sector of the Vysoké Tatry and in Belianske Tatry. Low eU con-
tents have been noted in the Branisko (2.74ppm) and Humenné Member
(2.80ppm).

In the Veporicum, the highest contents occur in the Lubietova zone
(4.58 ppm) where they are caused by Permian sandstones, conglomerates
and shales.

In the eastern Slovenské rudohorie, the concentrations range from 1,1 to
7,0 ppm averaging 3,12ppm eU.

In the Central Slovakia Neovolcanics, eU concentrations vary greatly
between 0.6 and 16.1ppm, averaging 3.59ppm. Higher contents occur in
rhyolites (DANIEL, KUCHARIC, 1977).

The Eastern Slovakia Neovolcanics have lower contents averaging
3.05ppm eU, and the Zemplin Member 3.29 ppm eU.

Among Tertiary basins, the lowest values occur in the already mentioned
Vienna Basin (2.47 ppm eU), followed by the Danube (3.40 ppm eU),
Southern Slovakia (3.43ppm eU) and Eastern Slovakia Basin (3.45ppm eU).
The highest contents are found in inner basins (3.85ppm).

Fig. 14 gives statistical assessment of eU contents and statistical characte-
ristics of individual geochemical lithotypes. Map U is accompanied by
a map of U/K ratios which average 2.1.

7.5. Map of Total Rock Radioactivity eU,

The map of total rock radioactivity eU, illustrates total rock radioactivity
adjusted according to a formula in Chapter 6.1.Matolin (1976)gives mean
concentrations in West Carpathian rocks as follows: K = 2.1%,U = 2.9ppm
and Th = 11.6ppm. Average total rock radioactivity calculated from the
results of laboratory measurements is 14.33ur. Ground in-situ measure-
ments have yielded 12.4ur (Fig. 15).

The difference was caused mainly by the type of used instruments, notably
detectors, but also by lower Th and K contents measured by field gamma
ray spectrometry.

The adjusted values ranging from 0.6 ur to 34.9ur are controlled by ave-
rage K, eU and eTh contents.

Average contents in individual regional geological units show that the
lowest values are in the Vienna Basin (9.91ppm, map T. G.) and the hig-
hest in the Lubietova zone Veporicum (16.69ur) and Starohorské vrchy
(15.77ur).

In the Malé Karpaty, the Bratislava Massif displays higher contents than
the Modra Massif. Average eUt values vary from 10.53ur in the ChocCské
vrchy to 13.89ur in the Nizke Tatry. Fairly low values occur also in the
Branisko (11.57ur).

In the Veporicum, the highest values are found in the Lubietovad zone
(16.69ur) and the lowest in the Kozie chrbty Hronicum although it con-
tains numerous natural-radioactivity anomalies and even small ore depo-
sits. Total natural radioactivity of the Gemericum in the Slovenské rudo-
horie averages 12.88ur, in the Slovak Paradise 10.56ur and in the Slovak
Karst 12.48ur.

In Paleogene areas, the lowest values occur in the Paleogene of the
Strazovské vrchy (10.42ur) and in the Orava Paleogene (10.68),whereas
the highest ones are in the Liptov Basin (13.01ur).

Fig. 15 gives statistical assessment of total rock radioactivity and statistical
characteristiucs of individual geochemical lithotypes.

7.6. Map of Rock Gamma Radiation Dose Rate

The map of gamma radiation dose rate is based on a comparative relation-
ship between K, eU, eTh contents and dose rate (Chapter 1.8.). The valu-
es calculated in this way range from 3 to 179nGy.hr™.

A look at the dose rate map (map D. R.) reveals that lower values prevail
in western, southwestern, northern and eastern Slovakia. Higher values
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Statistical characteristics of complex set of values of natural radioactivity of
rocks in Slovakia - total rock radioactivity

Pri pohlade na mapu davkového prikonu (mapa D. R.) vidime, Ze niZsie
hodnoty sa sustreduju v zapadnej, juhozapadnej, severnej a vychodnej ¢asti
Slovenska. VysSie hodnoty su v strednej Casti Slovenska.

Z hladiska regionalneho rozloZenia hornin je mozné hovorit o rozdieloch
medzi jednotlivymi geologickymi celkami. Najnizsie hodnoty (50 nGy.h™?)
sa opat zistli vo Viedenskej panve, najvySSie v lubietovskom veporiku
(85nGy.h™) a v Starohorskych vrchoch (80 nGy.h™).

Vo flySovom pasme vykazuju najvysSie hodnoty horniny dukliansko-bukovskej
jednotky (64 nGy.h™), najnizZsie horniny magurskej jednotky (57 nGy.h™).
Horniny Malych Karpat maji davkovy prikon 63 nGy.h?, horniny Povazského
Inovca 70nGy.h™. Z ostatnych jadrovych pohori maju najvyssiu hodnotu Nizke
Tatry (71 nGy.h™), najnizsie Mala Fatra a Choéské vrchy 54 nGy.h™.

Z veporského pasma sa najnizSie hodnoty zistili v hroniku Kozich chrbtov
55 nGy.h? a najvyssie vo veporiku l[ubietovskej zony 85 nGy.h™. V geme-
riku Slovenského rudohoria je to 65 nGy.h?, Slovenského raja 54 nGy.h*
a Slovenského krasu 64 nGy.h™.

Z paleogénnych oblasti ma najnizsie hodnoty davkového prikonu paleogén
Strazovskych vrchov a najvyssie paleogén Liptovskej kotliny (66 nGy.h™).
Priemerné hodnoty davkového prikonu jednotlivych panvi a kotlin sa pohy-
buju v rozsahu od 50 do 70 nGy.h™ (vnutorné kotliny).

Stredoslovenské neovulkanity su charakterizované priemernou hodnotou
davkového prikonu 65 nGy.h, neovulkanity vychodného Slovenska maju
hodnoty nizsie — 52—60nGy.h™, Zemplinske vrchy 66 nGy.h™.

Obr. 16 ukazuje zakladnu Statistiku a charakteristiku geochemickych lito-
typov hornin z hladiska davkového prikonu hornin.

Priemerna hodnota davkového prikonu pre Slovensku republiku vyratana
z 15573merani je 63nGy.hk.

Odhad davkového prikonu hornin (UNSCEAR 1988, doplnené M. Ma-
TOLINOM, 1995)terestrialneho Ziarenia prerataného na vysku 1 m nad zemou
je v tabul'ke ¢. 10.

Z udajov o davkovom prikone jednotlivych Statov v tejto tabulke je mozné
urobit si predstavu o prirodnej radioaktivite hornin Slovenska.
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are concentrated in central Slovakia. As regards regional division of
rocks, the values vary from one geological unit to another. Once again,
the lowest average values (50 nGy.hr®) occur in the Vienna Basin, and
the highest in the Lubietova Veporic (85nGy.hr?) and Starohorské vrchy
(80 nGy.hr™).

In the Flysch Belt, the highest values are found in the Dukla-Bukov unit
(64 nGy.hr) and the lowest in the Magura unit (57 nGy.hr™?).

Rocks in the Malé Karpaty have dose rate 63 nGy.hr' and those in Po-
vazsky Inovec 70 nGy.hr™. As for the other core mountains, the highest
values occur in the Nizke Tatry (71 nGy.hr) and the lowest ones in the
Mala Fatra and Choéské vrchy (54 nGy.hr?).

In the Veporic zone, the lowest values are in the Hronicum of Kozie
chrbty (55 nGy.hr') and the highest ones in the Lubietova zone
Veporic (85 nGy.hr'). The Gemericum yields 65 nGy.hr* in the Slo-
venské rudohorie, 54 nGy.hr? in the Slovak Paradise and 64 nGy.hr?
in the Slovak Karst. When it comes to the Paleogene areas, the lowest
dose rate values occur in the Paleogene of the StraZovské vrchy and the
highest in the Paleogene of the Liptov Basin (66 nGy.hr!). Average
dose rates in individual basins range from 50 to 70 nGy.hr* (inner
basins).

The Central Slovakia Neovolcanics are characterized by an average dose
rate of 65 nGy.hr?, Eastern Slovakia Neovolcanics have values between 52
and 60 nGy.hr! and Zemplinske vrchy 66 nGy.hr.

Fig. 16 gives basic statistics and characteristics of geochemical rock litho-
types as to their rocks’ dose rates.

The average dose rate in Slovakia calculated from 15573measurements is
63 nGy.hr™.

An estimate of rock terrestrial radiation dose rate (UNSCEAR 1988,amen-
ded by M. MatoLiN 1995)adjusted to a height of 1 m above the earth’s sur-
face is given in Tab. 10.

Available data on dose rates in respective countries given in this table can
be compared with natural rock radioactivity in Slovakia.



HODNOTY DAVKOVEHO PRIKONU V NIEKTORYCH KRAJINACH SVETA TAB. 10 DOSE RATE VALUES BY COUNTRIES
. Davkovy prikon / Dose rate
Stat nGy.h" Pocet merani Rok spracovania Metoda
Country Number of measurements Year of evaluation Technique

Priemer / Average Rozpétie / Range
Austrélia / Australia 43 20-150 >1000 1980 pozemné meranie / ground measurement
Belgicko / Belgium 43 13-58 272 1987 pozemné meranie / ground measurement
Ceska republika / Czech Republic 66 6—245 100% uzemia / of areas 1995 letecké meranie / airborne measurement
Dansko / Denmark 38 17-52 14 ploch / areas 1980 pozemné meranie / ground measurement
Finsko / Finland 65 1980
Francuzsko / France 68 10-250 5142 1985 pozemné meranie / ground measurement
Holandsko / Netherlands 32 10-65 1049 1985 pozemné meranie / ground measurement
India / India 55 20-1100 2800 1986 pozemné meranie / ground measurement
irsko / Ireland 42 0-180 264 1980 pozemné meranie / ground measurement
Island / Island 28 11-83 1982
Japonsko / Japan 49 5-100 1127 1980 pozemné meranie / ground measurement
Kanada / Canada 24 18-44 33 oblasti / areas 1984 letecké meranie / airborne measurement
Madarsko / Hungary 55 20-130 123 ploch / areas 1987 pozemné meranie / ground measurement
Nemecko (NDR) / Germany (GDR) 85 24-270 1005 1969 pozemné meranie / ground measurement
Nemecko (SRN) / Germany (FRG) 53 4-350 24739 1978 pozemné meranie / ground measurement
Nérsko / Norway 73 20-1200 234 1977 pozemné meranie / ground measurement
Polsko / Poland 34 10-110 19528 1994 pozemné meranie / ground measurement
Rumunsko / Romania 81 32-210 2372 1979 laborat. stanov. / laboratory determinations
Slovensko / Slovakia 63 3-179 15573 1996 pozemné meranie / ground measurement
Slovinsko / Slovenia 57 4-140 1052 1993 pozemné meranie / ground measurement
Spojené staty americké / USA 46 13-100 25 oblasti / areas 1972 letecké meranie / airborne measurement
Svédsko / Sweden 80 18-4000 1979
Svajciarsko / Switzerland 48 5-368 805 1995 pozem. + let. mer. / ground and airborne measurement
Tchajwan / Tchaiwan 69 26 1972 laborat. stanov. / laboratory determinations
Taliansko / ltaly 57 7-500 1365 1972 pozemné meranie / ground measurement
Velka Britania / United Kingdom 40 0-100 1400 1984 pozemné meranie / ground measurement

7.7. Odvodena mapa radonového rizika

Odvodena mapa radonového rizika (mapa R. R.) bola zostavena podla
vysledkov merani radonového rizika z 367 referen¢nych ploch (RP), rozlo-
Zenych nepravidelne na uizemi SR, a z 845RP situovanych do obvodovych
¢asti okresnych miest (CiZEK—SMOLAROVA, 1992).Pri konstrukcii mapy sa
vo velkej miere uplatnil princip analdgie s vyuzitim archivnych udajov.
Mapa ma vyrazne prognozny, pravdepodobnostny charakter.

Podla plo$ného Statistického vyhodnotenia mozZno na uzemi SR ocakavat
pomerne rovnomerné zastupenie nizkeho a stredného radénového rizika
(53%nizke, 46,7 Ystredné) a asi len 0,3%uzemia SR patri do kategorie
uzemi s vysokym radonovym rizikom. Zo Statistického vyhodnotenia me-
ranych RP vyplyva, Ze do kategorie vysokého radonového rizika spada pri-
blizne 3% poétu hodndt nameranych na tizemi Slovenskej republiky (Ci-
ZEK — SMOLAROVA, 1992).Zasluhu na pomerne malom zastipeni uzemi
s vysokym radonovym rizikom ma i mala mierka prieskumu, ktord neumoz-
nuje identifikovat mensie plochy s vysokym radénovym rizikom.

Plosne najrozsiahlejsiu Cast uzemia SR (priblizne 72 %) zaberaju terciérne
horniny (geochemické litotypy 2—26).Zaradené su prevazne do kategorie
nizkeho alebo stredného radonového rizika, pricom efuzivno-sedimentarny

komplex neogénu vykazuje vyssiu rizikovost (geochemické litotypy 2—14).

Sedimenty paleogénu s vynimkou krynického flySu su na celom uzemi
v pasme nizkeho radénového rizika.

Mezozoické horniny (geochemické litotypy 27—38) st ako celok v kategorii
stredného radénového rizika. Merania RP zistili nad jurskymi vapencami nizke
hodnoty objemovej aktivity radonu (OAR) v podnom vzduchu, teda nizke rado-
nové riziko. Pomerne vysoké hodnoty OAR sa naopak zistili v dolomitoch stred-
ného a vrchného triasu, pracovne nazyvanych ,,uranové dolomity“. Vzhladom na

56

7.7. Derived Radon Risk Map

The derived radon risk map (map R. R.) is based on radon-risk measure-
ments on 367 reference areas distributed irregularly across Slovakia and
on 845 reference areas on the outskirts of district capitals (CiZEK,
SMOLAROVA, 1992).The principle of analogy and archive data were widely
used to compile this map. The map has an obvious prognostic, probabi-
listic character.

An areal statistical assessment reveals that the low and medium radon
risk categories are fairly evenly distributed throughout the Slovak terri-
tory (53 % low, 46.7 Y%omedium risk), while a mere 0.3 % of the Slovak
territory falls into the high risk category. A statistical evaluation of the
reference areas shows that about 3% of values measured in the Slovak
territory belong into the high radon risk category (CIZEK, SMOLAROVA,
1992).The fairly low extent of the high radon risk category is partly due
to the low density of measurements insufficient to identify minor areas of
high radon risk.

The largest percentage of the Slovak territory (approximately 72 %) is
underlain by Tertiary rocks (geochemical lithotypes 2—26). They mostly
fall into the low or medium radon risk category, the Neogene effusive-sedi-
mentary complex displaying higher risk (geochemical lithotypes 2—14).
Paleogene sediments throughout Slovakia, except for the Krinica Flysch,
have low radon risk.

Mesozoic rocks (geochemical lithotypes 27 —38)as a whole fall into the
medium radon risk category. Measurements in reference areas under-
lain by Jurassic limestones yielded low values of radon volume activity
(RVA) in soil air, i.e. low radon risk. In contrast, fairly high RVA valu-
es have been noted in Middle and Upper Triassic dolomites referred to
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Obr. 16
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Fig. 16
Statistical characteristics of complex set of values of natural radioactivity of
rocks in Slovakia - rock dose rate

charakteristicky rozpad dolomitov a ich dobrii schopnost prepustat plyny boli
tieto horniny zaradené do kategorie hornin s vysokym radonovym rizikom.
Paleozoikum (geochemické litotypy 39—45)ma zo vsetkych geologickych
Utvarov najvyssie radonové riziko. Prevlada stredna kategoria, ale az 18,7 %
je tu zastupené aj vysoké radonové riziko (CiZEK-SMOLAROVA, 1992).Je to
sposobené nielen vyskytom uranového zrudnenia v permskych horninach,
ale aj pomerne vysokym podielom hornin so strednou az vysokou radio-
aktivitou, a to najma v gelnickej a rakoveckej skupine gemerika Slovenského
rudohoria. Na referencnych plochach pri Smolniku, Roznave, Hnil¢iku
a Popro¢i boli namerané najvysSie objemové aktivity radonu v ramci celého
Slovenska.

Paleozoické horniny sa zaraduju prevazne do kategérie hornin so strednym
radénovym rizikom. Rozhodujuci podiel na tomto zaradeni ma predovset-
kym silna dynamicka porusenost horninovych suborov, umoziujuca vol'ny
pohyb radonu na vicSie vzdialenosti.

Granitoidné telesa v jadrovych pohoriach, vo veporskom a gemerskom pasme
su zaradované zvacSa do kategorie stredného raddonového rizika. Nizke rado-
nové riziko ma tribe¢sky a modransky granodiorit, naopak vysoky stupen radé-
nového rizika méZeme predpokladat v turCockom granite a v granitovych tele-
sach pri Poproc¢i a Hnilci, a to na zaklade zvySenej aZ vysokej radioaktivity.

7.8. Mapy prirodnej radioaktivity vod

Priemerné hodnoty obsahu radionuklidov vo vybranych typoch odbernych
miest su uvedené v tabulke 11.V tabulke 12 sa uvadzaju Statistické hod-
noty obsahu jednotlivych radionuklidov vo vodach vybranych oblasti Slo-
venska. Pri hodnoteni radioaktivity je vhodnejSie pouZzivat radsej hodnoty
geometrického priemeru (GM) ako aritmetického (x).

Koncentracia uranu (mapa U ) je vysSia v podzemnych vodach vytekajucich
z banskych diel, v ktorych sa tazili uranové rudy (Novoveska Huta, Kalnica),
z pramenov v blizkosti uranovych vyskytov, napriklad pri Vychodnej, a v niek-
torych termalnych vodach (Oravice, Lucka pri Spisskom Podhradi). ZvySené
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as ,uraniferous dolomites“. Due to their characteristic fracture and good
gas-permeability, these rocks have been assigned into the high radon risk
category.

The Paleozoic (geochemical lithotypes 39—45)has higher radon risk than
any other geological unit. It is dominated by the medium radon risk cate-
gory, but as much as 18.7 %of the area falls into the high risk category
(CizEx, SMOLAROVA, 1992). This is caused by uranium occurrences in
Permian rocks as well as fairly high percentages of medium to highly radi-
oactive rocks, chiefly in the Gelnica and Rakovec Groups in the
Gemericum of the Slovenské rudohorie. The highest radon volume activi-
ties in the whole Slovakia have been measured in reference areas near
Smolnik, Roznava, Hnil¢ik and Poproc.

Paleozoic rocks largely fall into the medium radon risk category. This is
mainly due to strong dynamic fracturing of rocks allowing free movement
of radon to large distances.

Granitoid bodies in core mountains, Veporic and Gemeric zones are
mostly assigned into the medium radon risk category. The Tribe¢ and
Modra Granodiorites yield low radon risks, whereas increased to high
radon risks are expected in the Turcok Granite and granite bodies near
Popro¢ and Hnilec.

7.8. Maps of Natural Water Radioactivity

Average radionuclide contents in selected types of collection points are
given in Tab. 11. Tab. 12 shows statistical contents of radionuclides in
selected areas of Slovakia. Geometric mean (GM) rather than arithmetic
mean (X) should be used to assess radioactivity.

Uranium concentrations in groundwaters (map U,,) are increased
in waters flowing from uranium mine workings (Novoveska Huta,
Kalnica), in springs close to uranium occurrences, such as those near
Vychodn and in some thermal waters (Oravice, Lucka near Spisské
Podhradie).



koncentracie uranu sa vyskytuju lokalne aj vo vodach niektorych jadrovych po-
hori budovanych krystalinikom, napriklad v Povazskom Inovci a Malej Fatre,
a takisto vo vodach dolomitov cho¢ského prikrovu, napriklad v Nizkych Ta-
trach. Najvacsi plosny vyskyt mierne zvysenych hodnét uranu (priemerné hod-
noty az 0,005mg.1™) sa zistil vo vodach Podunajskej pahorkatiny, Podunajskej
roviny, Juhoslovenskej kotliny a Chvojnickej pahorkatiny. V oblastiach budo-
vanych flySom sa mierne odliSuju vody v pieskovcovych suvrstviach (priemerna
hodnota uranu 0,003mg.I™) od vod ilovcovych a ilovcovo-pieskovcovych su-
vrstvi (priemerna hodnota uranu 0,002mg.I"%). Vody v neovulkanickych horni-
nach sa vyznacuju nizkymi hodnotami koncentracie uranu (0,002mg.1%).
Udaje o objemovej aktivite radia (mapa Ra) sa vyznaduju vacsim rozptylom
hodnét ako tdaje o koncentracii urdanu (od 0,001do 9,7 Bq.I"Y). Najvyssie hod-
noty majui mineralne a termalne vody. ZvySené hodnoty sa namerali aj vo vo-
dach Zahorskej niZiny a zapadnej Casti Podunajskej niZiny, vo vodach niekto-
rych jadrovych pohori (Malé Karpaty, Povazsky Inovec), vychodnej Casti Niz-
kych Tatier, Hornadskej a Popradskej kotliny, Galmusu pri Spis$skej Novej Vsi
a zapadnej Casti Volovskych vrchov. V predterciérnych utvaroch sa vody so
zvySenym obsahom uranu viazu prevazne na vyskyty spodnotriasovych (verfén-
skych) hornin s obsahom sadrovca a barytu. V paleogénnych horninach sa
hodnota objemovej aktivity radia zvysuje s hibkou obehu podzemnej vody.
Vody stredoslovenskych neovulkanitov maji dvojnasobne niZSie hodnoty radia
ako neovulkanity Slanskych vrchov a Vihorlatu.

S podobnym velkym rozptylom hodnét (od 0,01 do 1288,40Bq.I") sa
mozno stretnuf aj pri radone v podzemnych vodach (mapa Rn). Na vyskyt
radénu vo vode ma vplyv pritomnost hornin s uranovymi mineralmi, tek-
tonické pomery, mineralizacia a teplota vod.

Podla Langeho Klasifikacie (1969)sa vyclenuje niekol’ko typov radénovych vod:
V krystalickych Castiach jadrovych pohori (budovanych prevazne kyslymi
granitoidmi a migmatitmi) sa nachadzaju vody so zvySenymi aZ vysokymi
hodnotami objemovej aktivity radonu. Ide o najbeznejSie radoénové vody kory
zvetravania magmatickych hornin, formujuce sa vo vrchnej, puklinami naruSe-
nej zone. Takéto vody sa vyskytuju takmer vo vSetkych jadrovych pohoriach
Slovenska, najma v Malych Karpatoch, Povazskom Inovci, Tribeci, Malej
Fatre a Nizkych Tatrach. Najviac ich je v kryStaliniku Veporskych a Sto-
lickych vrchov, kde su hodnoty geometrického priemeru objemovej aktivity
radonu (29,94, resp. 30,11 Bq.l") najvysSie na Slovensku. Scasti sem mo-
Zeme zaradit aj vody kyslejSich foriem stredoslovenskych neovulkanitov.
Druhym typom su radénové vody so zvySenymi hodnotami radia viazané na
ilovito-travertinové sedimenty. Medzi takéto vody patria mineralne vody
v Sivej Brade a v BeSenove;.

Tretim typom su radonové vody hlbinnych tektonickych zlomov s velkou vy-
datnostou a zvySenou teplotou. Patri sem aj voda z mineralneho pramena
Uhnli¢ity v Oraviciach. V tomto prameni sa namerala najvyssia hodnota ob-
jemovej aktivity radonu na Slovensku, 1293,2Bq.I™

Stvrtym, pomerne roz§irenym typom radonovych vod su radonové vody tek-
tonickych zlomov. Tieto vody su rdézne mineralizované a vystupuju po tek-
tonickych zlomoch z roznych hibok. V mnohych pripadoch maju zvysené
hodnoty radia a su nasytené CO,. Zdroj radénu je hlbinny, ale méze nim
byt aj radium vyzrazané na stenach otvorenych tektonickych zlomov. Tieto
vody sa vyskytuju v blizkosti podtatranského zlomu (Ziar, Stary Smoko-
vec), na tektonickych liniach v Hornadskej a Kosickej kotline a v mensej
miere aj v neovulkanitoch a v ostatnych vnutrohorskych depresiach.
Piatym genetickym typom su radonové vody uranovych lozisk vytekajuce
priamo z loZisk a z pramenov v blizkosti urdnovych vyskytov. Vyznacuju
sa zvySenymi koncentraciami uranu a objemovej aktivity radia. Medzi

Local increased uranium concentrations occur also in waters of some core
mountains composed of crystalline units, such as the Povazsky Inovec,
Mala Fatra, and in waters of Cho¢ nappe dolomites e.g. in the Nizke
Tatry. The largest area of slightly increased uranium contents (averaging
as much as 0.005mg.I™) is in waters of the Dunajsk4 pahorkatina Upland,
Southern Slovakia Basin and Chvojnicka pahorkatina. In flysch areas,
waters in sandstone formations (average uranium content 0.003 mg.I™) are
a little different from those in claystone and claystone-sandstone forma-
tions (average uranium content 0.002mg.I%). Waters in neovolcanic rocks
typically have low uranium concentrations (0.002mg.1"%).

Radium volume activity values (map Ra) are more widely dispersed than
uranium concentrations (between 0.001and 9.7 Bq.I""). The highest values
are typical of mineral and thermal waters. Increased values have been noted
also in waters of the Zahorie Lowland and western Danube Lowland, and
in some core mountains (Malé Karpaty, Povazsky Inovec, eastern sector of
Nizke Tatry, Hornad and Poprad Basins, Galmus and western Volovské vr-
chy). In pre-Tertiary units, these waters are mostly bound to Lower Triassic
(Werfenian) rocks with gypsum and baryte occurrences. In Paleogene rocks,
radium volume activity increases with the depth of groundwater circulation.
Radium values in waters of the Central Slovakia Neovolcanics are twice as
low as those in neovolcanics of the Slanské vrchy and Vihorlat.

Radon contents in groundwaters (map Rn) range over a similarly wide in-
terval (from 0.01to 1288.40Bq.I™"). Radon occurrences in waters depend
on the presence of uranium minerals in rocks, tectonic setting, mineraliza-
tion and water temperature.

Several kinds of radon waters are distinguished according to Lange’s
(1969) classification.Waters with increased to high radon volume acti-
vity occur in crystalline portions of core mountains (composed mostly
of acid granitoids and migmatites). These are the commonest radon
waters of weathering crust of igneous rocks formed in the upper, fracu-
red zone. Such waters are found in nearly all core mountains, notably
the Malé Karpaty, Povazsky Inovec, Tribe¢, Mala Fatra and Nizke
Tatry. They are most widespread in the crystalline units of the Veporské
and Stolické vrchy where geometric means of radon volume activities
are the highest in Slovakia (29.94 and 30.11 Bq.l", respectively).
Waters of acid varieties in Central Slovakia Neovolcanics can also be
partly included into this category.

The second type is made up of radon waters with increased radium values
bound to clayey-travertine sediments. This type comprises mineral waters at
Siva Brada and BeSenova.

The third type consists of radon waters on deep tectonic faults of high dis-
charge and increased temperature. Such waters include mineral spring
Uhli¢ity at Oravice. The spring has the highest radon volume activity in
Slovakia — 1293.2Bq.I™%

The fourth, fairly widely distributed type of radon waters are radon waters
on tectonic faults. These waters are mineralized to a various degree and
ascend from different depths along faults. They are often enriched in radi-
um and saturated with CO,. Radon here originated in depth or from radi-
um precipitated on the walls of faults. These waters are found in the vici-
nity of Subtatric faults (Ziar, Stary Smokovec), on tectonic lines in the
Hornad and KoSice Basins, and to a lesser extent also in the neovolcanics
and other intramontane depressions.

The fifth genetic type embodies radon waters of uranium deposits draining
uranium deposits and present in springs near uranium occurrences. These
waters are characterized also by increased uranium concentrations and

PRIRODNE RADIONUKLIDY V HLAVNYCH TYPOCH ODBERNYCH MIEST TAB. 11 NATURAL RADIONUCLIDES IN THE MAIN TYPES OF COLLECTION
A VO VSETKYCH VZORKACH ODOBRANYCH NA UZEMi SR POINTS AND IN ALL SAMPLES COLLECTED IN SLOVAKIA
zorick U (mg. ) **Ra (Ba.") “*Rn (Ba.)
N:a%%?é:f X GM Mgg:gﬂ min. max. X GM Mgg:gﬂ min. max. x GM Mgg:gﬂ min. max.

Pramene oby&ajnych vod 3235 | 0,0029 | — 0,002 | <0,001 | 0,105 | 0,046 | 0,031 | 0,038 |<0,002 | 0,740 | 19,69 9,70 | 11,55 | <0,05 | 532,36
Springs of common waters

Mineralne a termalne vody 238 | 0,0048 | 0,0027 | 0,003 | <0,001 | 0,111 | 0,184 | 0,059 | 0,057 | 0,002 | 9,700 | 29,69 | 10,13 | 10,22 | <0,05 |1288,40
Mineral and thermal waters

Studne / Wells 1122 | 0,0049 | 0,0034 | 0,003 | <0,001 | 0,064 | 0,053 | 0,035 | 0,044 |[<0,002 | 0,882 | 10,05 6,51 7,34 | <0,05 | 126,09
Povrchové vody 232 | 0,0028 | 0,0017 | 0,002 | <0,001 | 0,026 | 0,043 | 0,034 | 0,036 | 0,002 | 0,200 2,20 0,81 1,07 | <0,05 47,75
Surface waters

Celkom / Total 5271 | 0,0038 | — 0,003 | <0,001 | 0,111 | 0,054 | 0,033 | 0,040 |<0,001 | 9,700 | 16,51 7,74 9,31 | <0,05 [1288,40
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OBSAH RADIONUKLIDOV VO VODACH
VYBRANYCH OBLASTi SLOVENSKA

CONTENTS OF RADIONUCLIDES IN WATERS
OF SELECTED AREAS OF SLOVAKIA

Stolické vrchy Mts. and Revucka vrchovina Mts.

Pocet Upe 226 Ry 225
N nat
vzoriek (mg_l-l) (Bq_l»l) (Bq.I'l)
Number of

Oblast / Region samples x GM X GM X GM
Malé Karpaty krystalinikum, mezozoikum — granitoidy, metamorfity, karbonaty 50 0,003 0,002 0,080 0,066 41,37 21,38
Malé Karpaty Mts. Crystalline unit, Mesozoic - granitoids, metamorphites, carbonates

Povazsky Inovec krystalinikum, paleozoikum, mezozoikum — granitoidy, metamorfity, pieskovce, karbonaty 45 0,003 0,002 0,069 0,029 42,91 22,79
Povazsky Inovec Mts. Crystalline unit, Paleozoic, Mesozoic - granitoids, metamorphites, sandstones, carbonates

Tribec¢ krystalinikum, paleozoikum, mezozoikum — granitoidy, metamorfity, pieskovce, karbonaty 46 0,003 0,002 0,030 0,021 22,05 11,99
Tribe¢ Mts. Crystalline unit, Paleozoic, Mesozoic - granitoids, metamorphites, sandstones, carbonates

Mala Fatra krystalinikum, mezozoikum — granitoidy, metamorfity, karbonaty 104 0,004 0,004 0,044 0,032 13,30 7,66
Mala Fatra Mts. Crystalline unit, Mesozoic - granitoids, metamorphites, carbonates

Velka Fatra krystalinikum, mezozoikum — granitoidy, metamorfity, pieskovce, karbonaty 97 0,003 0,002 0,040 0,023 13,58 8,79
Velka Fatra Mts. Crystalline unit, Mesozoic - granitoids, metamorphites, sandstones, carbonates

Strazovské vrchy krystalinikum, mezozoikum — granitoidy, metamorfity, karbonaty 131 0,004 0,003 0,051 0,034 18,43 10,84
Strazovské vrchy Mts. Crystalline unit, Mesozoic - granitoids, metamorphites, carbonates

Nizke Tatry krystalinikum, paleozoikum, mezozoikum — granitoidy, metamorfity, pieskovce, karbonaty 130 0,003 0,002 0,055 0,041 25,91 13,63
Nizke Tatry Mts. Crystalline unit, Paleozoic, Mesozoic - granitoids, metamorphites, sandstones, carbonates

Branisko a Cigrna hora krystalinikum, paleozoikum, mezozoikum — granitoidy, metamorfity, pieskovce, karbonaty 51 0,002 0,002 0,053 0,040 9,28 4,88
Branisko and Cierna Hora Mts.  Crystalline unit, Paleozoic, Mesozoic - granitoids, metamorphites, sandstones, carbonates

Veporskeé vrchy krystalinikum, paleozoikum — granitoidy, metamorfity, pieskovce 100 0,003 0,002 0,058 0,038 57,57 29,94
Veporské vrchy Mts. Crystalline unit, Paleozoic — granitoidy, metamorfity, sandstones

Stolické vrchy, Revucka vrchovina krystalinikum, paleozoikum — granitoidy, metamorfity, pieskovce 124 0,003 0,002 0,056 0,037 56,82 30,11

Crystalline unit, Paleozoic — granitoidy, metamorfity, sandstones

Volovskeé vrchy
Volovské vrchy Mts.

paleozoikum — fylity, porfyroidy, diabazy, pieskovce, bridlice, granity 267 0,003 0,002 0,052 0,038 22,48 8,97
Paleozoic — phyllites, porphyoids, diabases, sandstones, shales, granits

Slovensky raj, Havranie vrchy
Slovensky raj Mts. and Havranie vrchy Mts.

mezozoikum — vapence, dolomity, bridlice 58 0,003 0,002 0,079 0,052 10,40 4,52
Mesozoic - limestones, dolomites, shales

Slovensky kras
Slovensky kras Mts.

mezozoikum — vapence, dolomity, bridlice 72 0,003 0,002 0,036 0,025 11,44 4,86
Mesozoic - limestones, dolomites, shales

Javorniky, Biele Karpaty, Myjavska pahorkatina

mezozoikum, paleogén — vapence, dolomity, ilovce, pieskovce 140 0,003 0,003 0,033 0,018 11,50 7,76
Javorniky Mts., Biele Karpaty Mts. and Myjavska pahorkatina Upland ~ Mesozoic, Paleogene - limestones, dolomites, claystones, sandstones

Hornadska kotlina
Hornad basin

paleogén — ilovce, pieskovce, konglomeraty 80 0,003 0,003 0,089 0,065 14,77 7,45
Paleogene - claystones, sandstones, conglomerates

Oravské Beskydy, Kysucké Beskydy, Oravska Magura
Oravské Beskydy Mts., Kysucké Beskydy Mts. and Oravska Magura Mts.

paleogén — pieskovce, ilovce 228 0,003 0,002 0,039 0,024 9,17 5,56
Paleogene - sandstones, claystones

Laborecka vrchovina, Ondavska vrchovina, Cergov, Bukovské vrchy

5 paleogén — pieskovce, konglomeraty, ilovce 426 0,003 0,002 0,046 0,039 12,33 8,78
Laborecka vrchovina Mts., Ondavska vrchovina Mts., Cergov Mts. and Bukovské vrchy Mts. Paleogene - sandstones, conglomerates, claystones

Levocskeé vrchy, Sari§§ké vrchovina, Spisska Magura
Levocske vrchy Mts., Sarisska vrchovina Mts., SpisSska Magura Mts.

paleogén — pieskovce, ilovce 260 0,003 0,002 0,046 0,033 10,89 6,46
Paleogene - sandstones, claystones

Kremnické vrchy, Vtaénik, Pohronsky Inovec, Stiavnické vrchy, Polana

_neogeén — andezity, ryolity, bazalty a ich vulkanoklastika
Kremnické vrchy Mts., Vtacénik Mts., Pohronsky Inovec Mts., Stiavnické vrchy Mts., Polana Mts.
Neogene - andesites, rhyolites, basalts and their volcanoclastics

548 0,002 0,002 0,030 0,017 15,50 9,22

Slanskeé vrchy
Slanské vrchy Mts.

neogén — andezity a ich vulkanoklastika 113 0,002 0,002 0,052 0,049 6,49 3,50
Neogene - andesites and their volcanoclastics

Vihorlat Mts.

Vihorlat neogén — andezity a ich vulkanoklastika 56 0,002 0,002 0,047 0,039 14,94 8,83
Neogene - andesites and their volcanoclastics

Cerova vrchovina
Cerova vrchovina Mts.

neogén — piesky, pieskovce, sliene, tufity, ily 50 0,004 0,003 0,050 0,038 27,68 21,80
Neogene - sands, sandstones, marls, tuffits, clays

Juhoslovenska kotlina
Southern Slovakia Basin

neogén, kvartér — sliene, pieskove, ilovce, ily, strkopiesky 141 0,005 0,004 0,048 0,034 18,75 11,31
Neogene, Quarternary - marls, sandstones, claystones, clays, gravel sands

Kosicka kotlina
Kosice basin

neogén, kvartér — ily, piesky, strky 101 0,002 0,002 0,049 0,045 2,93 7,37
Neogene, Quarternary - clays, sands, gravels

Vychodoslovenska rovina
Eastern Slovakia Lowland

neogeén, kvartér — ilovce, piesky, strky, strkopiesky 188 0,002 0,002 0,051 0,047 8,28 5,57
Neogene, Quarternary - claystones, sands, gravels, gravel sands

Zahorska nizina, Chvojnicka pahorkatina
Zahorie Basin, Chvojnicka pahorkatina Upland

neogeén, kvartér — ilovce, strky, piesky, sprase, ily 103 0,005 0,004 0,082 0,060 9,55 6,12
Neogene, Quarternary - claystones, gravels, sands, xxx, clays

Podunajska pahorkatina
Podunajska pahorkatina Upland

neogén, kvartér — ily, strky, strkopiesky, piesky, sprase 459 0,005 0,003 0,051 0,035 11,73 7,86
Neogene, Quarternary - clays, gravels, gravel sands, sands, xxx

Podunajska rovina
Danube Lowland

kvartér — strky, piescité strky, strky 236 0,005 0,004 0,052 0,028 6,55 4,20
Quarternary - gravels, sandy gravels, gravels

najznamejSie patria vody z opustenych uranovych lozisk v Novoveskej
Hute a Kalnici.
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radium volume activity. The type is best exemplified by waters discharged
from abandoned uranium deposits at Novoveska Huta and Kalnica.



7.9. Radioaktivita mineralnych a termalnych vod Slovenska

Prirodnu radioaktivitu mineralnych a termalnych vod Slovenska treba hodno-

tif samostatne. Studené mineralne vody maju oproti obyCajnym vodam zvy-

Sené hodnoty jednotlivych radionuklidov, najméa radia a radonu. V pripade

niektorych termalnych vod su hodnoty objemovej aktivity radia oproti oby-

¢ajnym vodam prekroCené az stonasobne. Tieto mineralne a termalne vody
patria do kategorie slabo radiovych alebo slabo radonovych vod.

Mineralne vody Slovenska vykazuju rozdielne hodnoty objemovej aktivity radia v zavi-

slosti od svojho chemického zlozenia, vztahu ku geologickej stavbe, obsahu CO, a H,S.

Na zaklade spracovanych hodnot prirodnej radioaktivity z vySe 200vzoriek mine-

ralnych vod Slovenska mozZeme mineralne vody rozdelit do niekol'kych typov:

® Mineralne vody viazané na triasové karbonaty najma krizhanského a choc-
ského prikrovu. Koncentracie uranu v tychto vodach su nizke v priemere do
0,003 mg.I*. Objemova aktivita radia sa pohybuje spravidla v rozsahu
0,2—0,9Bq.I"". Takato mineralna voda je napriklad v Besefiovej, v Sivej
Brade pri Spisskom Podhradi, Sobranciach a v Oraviciach. Mnohé¢ z tychto
vod su klasifikované ako slabo radiové, napriklad vody z pramenov na Sivej
Brade (Pramen sv. Ondreja a Pramen sv. Kriza), v Sobranciach (O¢ny pra-
men). Objemova aktivita radonu kolise spravidla v rozsahu 20—50Bq.1?, ale
vyskytuju sa aj vody s vyssimi hodnotami (napr. Pramen sv. Ondreja na Sivej
Brade s objemovou aktivitou 170,5Bq.I"%). Najvyssiu hodnotu objemovej ak-
tivity radonu ma voda z pramena Uhli¢ity v Oraviciach — 1293,2Bq.I™.
Miesta tychto vyverov st Casto pokryté travertinom.

® Mineralne vody kryStalinika, zvac¢sa studené kyselky. Maju zvySené hod-
noty uranu aj radia a vysoké hodnoty radonu. ZvySenie je vyvolané agre-
sivnym posobenim CO, v horninach krystalinika a hypoalochtonnym po-
vodom radénu. Medzi takéto vody sa zaraduju napriklad vody krystali-
nika Nizkych Tatier (pri Bacuchu, v Jaseni a pri Braviacove), vo Vepor-
skych vrchoch (pramene pri Ciernom Balogu, napr. voda z mineralneho
pramefa Zuzka ma objemovu aktivitu ?*’Rn a7 817,89Bq.I"). MoZno
sem zaradit aj Cast mineralnych vod krystalinika Tatier, viazanu na pod-
tatransky zlom (v Starom Smokovci a v Ziari). Mineralne vody krystali-
nika majui hodnoty uranu 0,005—0,015ng.1%, objemova aktivita *°Ra sa
pohybuje najéastejsie v rozsahu 0,1—0,5Bq.I"* a objemova aktivita *’Rn
¢asto aj nad 200Bq.17, ¢o tieto vody zaraduje do radonovych vod.

® Mineralne vody flySového pasma — natriovo-bikarbonatové vody siro-
vodikové alebo kyselky. ViaZu sa na tektonické linie, nachadzame ich vo
vSetkych ¢iastkovych jednotkach flySa. Vyznacuju sa mierne zvySenou
koncentraciou uranu (0,004 — 0,005Bq.I"), priemernymi hodnotami
objemove;j aktivity ?°Ra (0,02—0,08Bq.I", len vo vynimo¢nych pripa-
doch viac ako 0,1 Bq.I"). Objemova aktivita ?Rn sa pohybuje v rozme-
dzi 10—20Bq.I"}, len vo vodach obohatenych CO, prekracuje 20 Bq.1™.

® Mineralne vody neovulkanitov. Vyznacuju sa spravidla nizkymi hodno-
tami uranu (0,002 mg.I") a radia (do 0,05Bq.I"') a mierne zvysenymi
hodnotami objemovej koncentracie ?’Rn (20—40Bq.17).

Termalne vody Slovenska sa podIa ich prirodnej radioaktivity zaclenuju do

tychto dvoch hlavnych skupin:

e Termalne vody predterciérnych utvarov. Vyznacuju sa vysokymi hodnotami
objemovej aktivity °Ra. Patria sem napriklad vody v Besefiovej — vrt ZGL-1
(objemova aktivita ?°Ra 9,7Bq.I"%), v Piestanoch (3,068Bq.I?), v Oraviciach
—vrt 0Z-2 (3,209Bq.1"%), v Lucke —vrt BS-1 (2,503Bq.I"%), v Poprade — vrt
PP-1 (1,733Bq.l?), vo Vrbove —vrt Vr-1, v Kovacovej — vrt K-1 (0,9983q.1"),
v Luckach —vrt BJ-101 (0,988q.I™"), v Trencianskych Tepliciach —vrt SBP-
-5 (0,784Bq.I"). Tieto vody vykazuju teploty od 30 do 60°C, vody st Ca-
-Mg-Na-SO,-HCO4-typu (vrt OZ-1), Ca-Mg-HCO-typu (vrt Vr-1, PP-1,
BS-1) a Ca-Mg-SO,-HCO ;-typu (vrt BJ-101).Ich vyskyt sa viaZe prevaine
na triasové horniny kriznanského a chocského prikrovu. Vody choéského
prikrovu v Poprade a Lucke obsahuju aj zvysené koncentracie uranu (vo vrte
BS-1a7 0,111mg.lY).

® Termalne vody terciérnych utvarov. Vyznacuju sa nizkymi hodnotami objemovej
aktivity “°Ra (maximalne 0,1 Bq.I"%). Patria sem napriklad termélne vody z vrtov
v Dunajskom Klatove, VI¢anoch, Baloni, TvrdoSovciach, Sladkovicove, Diakov-
ciach, Novych Zamkoch a Topol'nikoch. Su to vody nizko aZ vysoko termalne.

7.10. Prirodna radioaktivita hornin podla jednotlivych litotypov
V kapitole 2.2. bolo vy¢lenenych 64 litotypov reprezentujucich uzemie
Slovenska. Pre kazdy vyCleneny litotyp sa v tabul'ke 13 uvadzaju zakladné

charakteristiky radioaktivity, t. j. obsahy K, eU, eTh, ba, U,., pomery
Th/U, U/K, Th/K a stupen radonového rizika.
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7.9. Radioactivity of Slovakia’s Mineral and Thermal Waters

Natural radioactivity of Slovakia’s mineral and thermal waters must be
assessed separately. In comparison with normal waters, cold mineral wa-
ters are enriched in some radionuclides, notably radium and radon. Ra-
dium volume activity of some thermal waters is a hundred times as high in
comparison with normal waters. These mineral and thermal waters fall into
the category of weak radium or weak radon waters.

Slovakia’s mineral waters have various radium volume activities controlled

by their chemistry, relationship with geological structure as well as CO,

and H,S contents.

On the basis of natural radioactivities of more than 200 samples, Slo-

vakia’s mineral waters can be divided into several types:

® Mineral waters bound to Triassic carbonates, mostly in the Krizna and
Choc¢ nappes. Uranium concentrations in these waters are low, averaging
0.003mg.I"". Radium volume activity usually ranges from 0.2 to 0.9 Bq.I™.
Such mineral waters occur, e.g. at BeSeniova, Siva Brada near Spisské Pod-
hradie, Sobrance and Oravice. Many of them (e.g. springs St. Andrew and
Holy Cross at Siva Brada, Eye spring at Sobrance) have been classified as
weak radium waters. Radon volume activities largely range from 20 to
50Bq.I"%, but in some waters they are much higher, e.g. spring St. Andrew
at Siva Brada yields 170.5Bq.I™". The highest radon volume activity occurs
in water from spring Uhli¢ity (Carbonic) at Oravice — 1293.2Bq.I".
Springs of these waters are often covered with travertine.

® Mineral waters of the crystalline unit. These are mostly cold acidulous
waters, enriched in uranium and radium, but mainly radon. The increased
contents result from aggressive CO, affecting crystalline rocks and from
hypallochthonous origin of radon. Such waters include those of the Nizke
Tatry crystalline unit (near Bactch, in Jasenie and near Braviacovo) and
Veporské vrchy (springs near Cierny Balog, e.g. water from mineral spring
Zuzka has *Rn volume activity as much as 817.89Bq.I") and others.
The group partly comprises also mineral waters of the Tatry crystalline
unit bound to the Subtatric fault (at Stary Smokovec and Ziar). Mineral
waters of the crystalline unit have uranium contents 0.005—0.015ng.1*,
226Ra volume activity mostly 0.1—0.5Bq.I'* and ?Rn volume activity fre-
quently above 200Bq.1%, and as a result are classified as radon waters.

e Mineral waters of the Flysch Belt —sodium-bicarbonate waters with hyd-
rogensulphide or acidulous waters. The waters are bound to tectonic
lines in all partial flysch units. They are characterized by slightly increa-
sed uranium concentrations (0.004—0.005Bq.I""), average 226Ra vo-
lume activity (0.02—0.08Bq.I", only rarely above 0.1 Bgq.I™"). 222Rn vo-
lume activity ranges between 10and 20 Bq.I"%, only in waters enriched in
CO, above 20 Bq.I™.

® Mineral waters of the neovolcanics — are characterized by mostly low
uranium (0.002mg.I"") and radium contents (up to 0.05Bq.I") and mil-
dly increased 222Rn volume activity (20—40Bq.1?).

With regard to their natural radioactivity, Slovakia’s thermal waters are

divided into two groups:

e Thermal waters of pre-Tertiary units — characterized by high **Ra volume
activity. They comprise waters at Besefiov —well ZGL-1 —?*°Ra volume ac-
tivity 9.7 Bq.l", Piestany — (3.068and 2.815Bq.I"), Oravice — well OZ-2
— (2.352and 3.209Bq.I""), Lucka —well BS-1 (2.503Bq.1"), Poprad — well
PP-1 (1.733Bq.I""), Vrbov — well Vr-1, Kovacova — well K-1 (0.998Bq.17),
Lucky — well BJ-101 (0.985Bq.I"), Trencianske Teplice — well SBP-5
(0.784Bq.I'") and elsewhere. These waters have temperatures between 30
and 60°C, and Ca-Mg-Na-SO,-HCO, (well OZ-1), Ca-Mg-HCO, (wells
Vr-1, PP-1, BS-1), Ca-Mg-SO,-HCO, (well BJ-101) chemistries. The
waters are bound primarily to Triassic rocks of the Krizna and Choc¢ nap-
pes. Waters of the latter nappe near Poprad and Lucka are enriched in ura-
nium (in well BS-1 as much as 0.111mg.1?).

e Thermal waters of Tertiary units — are characterized by low *°Ra volume
activity (up to 0.1Bq.I™). The group includes thermal waters from wells at
Dunajsky Klatov, Vi¢any, Balon, TvrdoSovce, Sladkovi¢ovo, Diakovce, Nové
Zamky and Topol'niky. The waters are low- to high-temperature ones.

7.10. Natural Rock Radioactivity by Respective Lithotypes

64 lithofacies representative of the Slovak territory are defined in Chapter
2.2.Each defined lithotype is characterized by basic data on its radioacti-
vity, such as K, eU, eTh, Da and U, contents, Th/U, U/K and Th/K ratios
as well as radon risk category given in Tab. 13.



CHARAKTERISTIKY PRIRODNEJ RADIOAKTIVITY TAB. 13 CHARACTERISTICS OF NATURAL RADIOACTIVITY
GEOCHEMICKYCH LITOTYPOV HORNIN SLOVENSKA OF SLOVAKIA’'S GEOCHEMICAL LITOTYPES
C.| Litotyp Podet Priemermé hodnoty Percentualne | Ragsnové riziko (%)
N. Lithotype bodov Average values zastupenie Radon risk (%)
plochy
Number| K el eTh Da eUt | Th/U | Th/K| U/K | Percentage | nizke |stredné| vysoké
of points| (%) | (ppm) | (ppm)|(NGy.h™")| (ur) of area low |medium| high
1| Sladkovodné vapence — travertiny / Freshwater limestones - travertines 137 1,7 2,9 9,0|60,7 |120 | 3,1 |5,6 1,8 0,07 43,33| 56,67| 0,00
2| iy, piesky, strky + polohy lignitu / Clays, sands, gravels + lignite layers 408 1,4 2,8 8,8 | 56,4 11,1 | 3,2 | 6,3 2,0 1,58 74,10| 25,90 0,00
3| ily, piesky, tufitické a vulkanomiktné sedimenty + polohy lignitu 617 | 16 | 3,1 941613 |120|31 |61 2,0 0,00 0,00|100,00| 0,00
Clays, sands, tuffaceous and volcanomictic sediments = lignite
4 | Vapnité ilovce a siltovce / Calcareous claystones and siltstones 119 | 1,6 3,1 9,2 1620 |12,2| 3,0 |57 2,0 0,02 0,00{100,00| 0,00
51 Vapnité ilovce, pieskovce, strky, vapence, polohy lignitu 1526 | 1,5 3,2 8,4 | 58,8 115|128 |6,0 2,4 0,00 0,00 0,00| 0,00
Calcareous claystones, sandstones, gravels, limestones, lignite beds
6 | Vapnité ilovce, pieskovce, strky, vapence, tufitické a vulkanomiktné sedimenty 755 | 1,7 3,6 841639 |125 (2,7 |54 2,7 0,03 35,71 | 64,29| 0,00
Calcareous claystones, sandstones, gravels, limestones, tuffaceous and volcanomictic sediments
7 | Vapnité ilovce, pieskovce, strky, vapence, evapority 417 | 2,4 40 | 10,7 | 80,7 |159 |29 |4,7 1,8 0,56 61,89| 38,11 | 0,00
Calcareous claystones, sandstones, gravels, limestones, evaporites
8| Alkalické bazalty / Alkali basalts 15 | 21 38 10,3 |745 [146 |28 |52 1,9 0,02 100,00( 0,00| 0,00
9 | Bazalty a bazaltické andezity / Basalts and basaltic andesites 12 | 1,6 2,8 8,5 | 56,0 11,1 | 3,7 | 5,6 2,3 0,04 100,00( 0,00| 0,00
10 | Pyroxenické a amfibolicko-pyroxenické andezity 1624 1,8 3,4 9,2 | 64,8 12,7 |1 3,1 |55 2,2 1,12 27,14| 72,86| 0,00
Pyroxene and amphibole-pyroxene andesites
11 | Pyroxenicko-amfibolické, amfibolické a biotiticko-amfibolické andezity az dacity 288 | 1,6 2,8 8,4 | 57,7 11,4 130 |53 1,8 0,01 0,00{100,00| 0,00
Pyroxene-amphibole, amphibole and biotite-amphibole andesites to dacites
12 | Propylitizované andezity, andezitové porfyry, dioritové porfyry a diority 190 | 1,8 3,0 96 643 | 12,7 | 3,2 |54 1,7 0,05 80,95| 19,05| 0,00
Propylized andesites, andesite porphyries, diorite porphyries and diorites
13| Granodiorit, granodioritové porfyry, kremito-dioritové porfyry 33 2,0 3,3 |10,6 | 71,2 14,1 | 3,2 | 5,3 1,7 0,00 0,00 0,00| 0,00
Granodiorite, granodiorite porphyries, quartz-diorite porphyries
14 | Ryodacity a ryolity / Rhyodacites and rhyolites 184 2,1 3,6 | 11,0 | 74,8 14,7 | 3,1 | 5,4 1,8 0,06 3,57| 96,43| 0,00
15 | ilovce, sliefiovce, pieskovce, zlepence, vapence + uhlie, paleogén budinskeho wvoja 9| 21 41 | 11,1781 |153|2,7 |54 2,0 0,00 0,00 0,00| 0,00
Claystones, marlstones, sandstones, conglomerates, limestones * coal, Buda Paleogene
16 | Pieskovce, podradné ilovce — bielopotocké suvrstvie 390 1,7 3,1 9,2162,72|12,3 | 3,05|5,70 | 1,95 10,17 20,32| 79,68| 0,00
Sandstones, minor claystones - Biely potok Formation
17 | Vapnité ilovce, pieskovce — hutianske a zuberecké suvrstvie 1342 1,5 3,0 8,8 5866|115 | 3,01 |6,25 | 2,15 24,38 76,31| 23,64| 0,10
Calcareous claystones, sandstones - Huty and Zuberec Formation
18 | Pieskovce, zlepence, brekcie, vapence — borovské suvrstvie 300 | 1,5 2,9 8,4 56,62 | 11,1 | 294|576 | 1,99 2,31 52,27| 47,73| 0,00
Sandstones, conglomerates, breccias, limestones - Borové Formation
19 [ Prevazne pieskovce, podradné ilovce, flyS magurskej jednotky 226 | 1,6 3,1 9,2 162,12 | 12,2 | 2,98 | 5,64 | 1,94 0,13 75,00| 25,00| 0,00
Mostly sandstones, minor claystones, Magura flysch
20 | Pieskovce a ilovce, flyS magurskej jednotky 434 | 15 3,2 8,6 | 58,65 | 11,5 | 2,79 | 5,89 | 2,22 0,00 100,00( 0,00| 0,00
Sandstones and claystones, Magura flysch
21| Prevazne ilovce, podradné pieskovce, flyS magurskej jednotky 130 | 1,5 3,2 8,4 5836|114 | 2,77 | 5,82 | 2,39 0,08 55,88 | 44,12| 0,00
Mostly claystones, minor sandstones, Magura flysch
22 | Prevazne pieskovce, podradné ilovce, flys duklianskej (sliezskej) jednotky 57 1,5 2,7 79 |5485|10,8 | 3,11 | 5,14 | 1,81 0,00 0,00 0,00| 0,00
Mostly sandstones, minor claystones, Dukla (Silesian) flysch
23| Pieskovce a ilovce, flys duklianskej (sliezskej) jednotky 42 1,4 2,3 5,8 | 46,06 911|240 4,00 | 1,64 0,00 0,00 0,00| 0,00
Sandstones and claystones, Dukla (Silesian) flysch
24 | Prevazne ilovce, podradné pieskovce, flys duklianskej jednotky 44 | 1,4 2,0 47 | 40,47 | 8,1 | 2,41 |3,47 | 1,44 0,00 0,00 0,00| 0,00
Mostly sandstones, minor claystones, Dukla (Silesian) flysch
25 | Sliene, karbonatické pieskovce, zlepence, vapence, prevazne vapnité flyse 318 | 1,6 3,1 9,1 61,03 |12,0 2,94 5,86 | 2,06 2,16 78,61| 21,39| 0,00
Marls, carbonatic sandstones, conglomerates, limestones, mostly carbonatic flysches
26 | Pestré slienovce / Variegated marlstones 44 | 1,6 3,2 9,8 16301124 | 3,00 6,28 | 2,10 0,73 72,90| 27,10| 0,00
27 | Vapence / Limestones 34 | 1,7 35 | 11,0 | 69,51 | 13,6 | 3,10 | 6,58 | 2,13 0,88 43,49| 56,51| 0,00
28 | Vapence a dolomity / Limestones and dolomites 1166 1,6 3,4 | 10,1 | 64,97 | 12,7 | 2,98 | 6,49 | 2,21 8,46 62,03| 37,94| 0,03
29 | Dolomity / Dolomites 90 | 1,6 3,0 | 10,1 | 62,64 | 12,3 | 3,79 | 6,49 | 1,91 0,35 31,82| 68,18| 0,00
30 | Vapence, dolomity a bridlice (fylity) 141 | 1,6 29 |10,0 | 62,14 | 12,2 | 3,62 | 6,35 | 1,88 1,43 56,00| 42,97| 0,96
Limestones, dolomites and shales (phylites)
31| Vapence, dolomity, bridlice (fylity) a mafické vulkanity 27 | 1,7 35 (10,9 | 68,79 | 13,5 | 3,12 | 6,58 | 2,12 0,63 51,50| 46,74| 1,81
Limestones, dolomites and shales (phylites) and mafic volcanics
32 | Prevazne ilovité vapence, slienovce + piescité a kremité vapence 535 | 1,7 3,6 | 10,7 | 68,77 | 13,5 | 3,04 | 6,50 | 2,21 1,69 48,45| 51,55| 0,00
Mostly clayey limestones, marlstones + sandy and quartzy sandstones
33| Piescité, skvrnité, hluznaté, kremité a rohovcové vapence = silicity 252 | 1,6 3,5 |10,7 | 67,99 | 13,3 | 3,06 | 6,67 | 2,20 0,74 75,46 | 24,54| 0,00
Sandy, spotted, nodular, siliceous and cherty limestones + silicites

65



CHARAKTERISTIKY PRIRODNEJ RADIOAKTIVITY

GEOCHEMICKYCH LITOTYPOV HORNIN SLOVENSKA

TAB. 13 POKR./CONT.

CHARACTERISTICS OF NATURAL RADIOACTIVITY
OF SLOVAKIA’S GEOCHEMICAL LITOTYPES

Percentuéalne

C. Litotyp Pocet Priemerné hodnoty 4 ; Radonoveé riziko (%)
N. Lithotype bodov Average values zastupenie Radon risk (%)
plochy
Number| K el eTh Da eUt | Th/U | Th/K| U/K | Percentage | nizke |stredné| vysokeé
of points| (%) |(ppm) | (ppm) |(NGy.h™)| (ur) of area low |medium| high

35 | Bridlice, pieskovce, vapence = radiolarity, evapority 81 18 37 |115| 7259 | 14,2 | 3,10 | 6,59 | 2,13 0,43 47,59| 52,41| 0,00
Shales, sandstones, limestones + radiolarites, evaporites

36 | Pestré bridlice, pieskovce, dolomity + evapority, karpatsky keuper 77 | 1,6 3,4 |10,3 | 66,46 | 13,0 | 3,04 | 6,40 | 2,13 0,33 48,95| 51,05| 0,00
Variegated shales, sandstones, dolomites + evaporites, Carpathian Keuper

37 | Kremence, pieskovce, ilovité bridlice, lunzské vrstvy a spodny trias tatrika a veporika 409 | 15 3,5 (10,4 | 65,61 | 12,8 | 3,07 | 7,03 | 2,32 2,09 48,04| 51,96| 0,00
Quartzites, sandstones, shales, Lunz Member and Lower Triassic of Taricum and Veporicum

38 | Pieskovce, vapnité bridlice, vapence + evapority, spodny trias hronika a silicika 241 1,5 3,3 95 162,16 | 12,2 | 3,12 | 6,47 | 2,35 3,58 35,25| 61,38| 3,38
Sandstones, shales, limestones + evaporites, Lower Triassic of Hronicum and Silicicum

39 | Bridlice, pieskovce, zlepence * kyslé vulkanity, mladSie paleozoikum tatrika, veporika, hronika, zemplinika 428 1,7 4,0 | 10,7 | 70,72 | 13,8 | 2,74 | 6,54 | 2,43 4,67 36,08| 61,72| 2,20
Shales, sandstones, conglomerates + acid volcanics, Late Paleozoic of Tatricum, Veporicum, Hronicum, Zemplinicum

40 | Intermediarne a mafické vulkanity / Intermediate and mafic volcanics 93 1,9 47 | 13,3 |8459|16,5| 294 |7,09 | 2,54 0,83 36,46| 63,54| 0,00

41 | Zlepence, pieskovce, bridlice + vulkanity, karbonaty 127 1,6 40 | 11,3 |71,48 | 13,9 | 2,82 | 7,28 | 2,61 2,44 18,50| 78,32| 3,18
Conglomerates, sandstones, shales + volcanics, carbonates

42 | Prevazne metapieskovce a fylity + mafické vulkanity 154 1,4 33 10,0 | 61,57 | 12,0 | 3,17 | 7,39 | 2,38 1,42 12,40| 83,33| 4,33
Mostly metasandstones and phyllites + mafic volcanics

43 | Prevazne mafické vulkanity / Mostly mafic volcanics 65 | 1,9 47 | 125 | 82,44 | 16,1 | 2,72 | 6,73 | 2,50 0,70 6,56| 88,20| 5,25

44 | Prevazne metapieskovce a fylity + kyslé vulkanity, karbonaty, lydity 417 1,5 3,3 9516224 |12,2 | 2,88 | 6,60 | 2,31 4,76 2,73| 92,72| 4,55
Mostly metasandstones and phyllites + acid volcanics, carbonates, lydites

45 | Prevazne kyslé vulkanity / Mostly acid volcanics 205 1,6 3,7 |10,2 | 67,01 | 13,1 | 2,81 | 6,49 | 2,35 3,03 0,90| 97,67 | 1,43

46 | Metapsamity, fylity, svory + metavulkanity, karbonaty 71 1,6 3,1 89 1(6041| 119 | 2,87 |6,07 | 2,12 2,44 7,76| 92,24| 0,00
Metapsamittes, phyllites, mica schists + metavolcanics, carbonates

47 | Ruly az migmatity + fylonity / Gneisses to migmatites + phyllonites 609 | 1,6 3,6 9,7 | 65,22 | 12,7 | 2,72 | 6,47 | 2,68 4,39 20,29 79,71| 0,00

48 | Amfibolity + amfibolické ruly / Amphiboles + amphibole gneisses 40 1,5 4,1 |10,1 | 68,41 | 13,3 | 2,49 | 6,60 | 2,68 0,42 51,61| 48,39| 0,00

50 | Diority / Diorites 11|16 3,4 8,9 (6240|122 | 2,62 | 556 | 2,13 0,00 0,00( 0,00| 0,00

51| Tonality / Tonalites 428 | 15 3,1 9,3 16056 | 11,9 | 3,10 |6,30 | 2,13 4,67 8,83| 91,17| 0,00

52 | Granodiority az granity / Granodiorites to granites 334 1,5 3,2 98 162,14 | 12,2 | 3,26 | 6,62 | 2,17 5,00 6,38| 93,17| 0,40

53| Leukokratne granity / Leucocrate granites 76 | 1,5 3,3 9,2 161,06 | 11,9 | 2,84 6,34 | 2,26 0,92 48,01| 51,99| 0,00

54 | Granity gemerika / Gemeric granites 14 1,5 33 10,4 | 64,71 | 12,6 | 3,17 | 6,84 | 2,25 0,19 0,00| 54,76 (45,24
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8. RADIOAKTIVITA HORNIN A VOD SLOVENSKA

Geologicka stavba Zapadnych Karpat, ktoré pokryvaju uzemie Slovenska,
je veI'mi zloZita a vo veku jednotlivych geologickych jednotiek su vel'ké roz-
diely. Charakteristika radioaktivity tychto jednotiek preto vychadza z Re-
giondlneho geologického clenenia Zdapadnych Karpdt a severnych vybeZkov Pa-
nonskej panvy na vizemi Slovenska (VAss et al., 1988).

8.1. Paleogén

Paleogénne sedimenty su v Zapadnych Karpatoch rozsirené predovsetkym
vo flySovom pasme vonkajSich Zapadnych Karpat a v centralnych Zapad-
nych Karpatoch ako vnutrokarpatsky paleogén.

8.1.1. FlySové pasmo

FlySové pasmo (obr. 17,tab. 14)vytvara na uzemi Slovenska obluk sthlasny
s priebehom Zapadnych Karpat, a zabera plochu 14,1 %uzemia Slovenska.

8. ROCK AND WATER RADIOACTIVITY IN SLOVAKIA

Geological structure of the West Carpathians, which occupy the Slovak ter-
ritory, is very complicated, its respective geological units varying greatly in
age. Therefore the Regional geological division of the West Carpathians and
northern projections of the Pannonian Basin in the Slovak territory (VASS et al.,
1988)was used to characterize radioactivity of various geological units.

8.1. Paleogene

Paleogene sediments in the West Carpathians are widespread mainly in the
Flysch Belt of the Outer West Carpathians and as the Inner Carpathian
Paleogene in the Central West Carpathians.

8.1.1. Flysch Belt

The Flysch Belt in the Slovak territory (Fig. 17, Tab. 14) forms an arc con-
cordant with the course of the West Carpathians and occupies 14.1 %of the

Obr. 17
FlySové pasmo

3 - Moravskobeskydsky flys,

Magursky flys

5 - Bielokarpatsky flys

6 - Zapadobystricky flys

7 - Raciansky flys

8 - Oravskomagurky flys,
Cergovsko-beskydsky flys

10 - Krynicky flys

11 - Vychodobystricky flys
12 - Raciansko-brezovsky flys

13 - Smilnianske tektonické okno
14 - Dukliansko-bukovsky flys

Fig. 17
Flysch Belt

3 - Morava-Beskydy flysch,
Magura flysch

5 - Biele Karpaty flysch

6 - Western Bystrica flysch
7 - Raca flysch

8 - Orava-Magura flysch,

Cergov-Beskydy flysch

10 - Krynica flysch
11 - Eastern Bystrica flysch
12 - Raca-Brezova flysch

13 - Smilno inlier
14 - Dukla-Bukova flysch

PRiRODNA RADIOAKTIVITA H?RN'I'N ) TAB. 14 NATURAL ROCK RADIOACTIVITY

VYBRANYCH LITOTYPOV FLYSOVEHO PASMA OF SOME FLYSCH BELT LITHOTYPES

No.|  Namo ofroak o oo oo Fr - L S T
Magursky flys / Magura Flysch

19 | Prevazne pieskovce, podr. ilovce / Mostly sandstones, minor claystones 1,5 2,9 8,8 11,3 57,7 3,0 2,1 6,6

20 | Pieskovce a ilovce / Sandstones and claystones 1,4 2,7 8,8 11,0 56,0 3,0 2,0 6,4

21 | Prevazne ilovce, podr. pieskovce / Mostly claystones, minor sandstones 1,4 2,8 8,8 11,0 56,1 3,1 2,1 6,4
Cergovsko-beskydsky flys / Cergov-Beskydy Flysch

19 | Prevazne pieskovce, podr. ilovce / Mostly sandstones, minor claystones 1,5 3,0 8,8 11,5 58,6 3,0 2,0 6,7

20 | Pieskovce ailovce / Sandstones and claystones 1,5 3,1 9,3 11,9 60,5 3,1 2,0 6,5

21 | Prevazne ilovce, podr. pieskovce / Mostly claystones, minor sandstones 1,7 3,2 9,8 12,6 64,4 3,1 1,9 6,6
Dukliansko-bukovsky flys / Dukla-Bukova Flysch

22 | Prevazne pieskovce, podr. ilovce / Mostly sandstones, minor claystones 1,6 3,2 9,8 12,3 62,9 3,1 2,1 6,4

23 | Pieskovce ailovce / Sandstones and claystones 1,7 3,4 10,2 13,0 66,6 3,1 2,1 6,5

24 | Prevazne ilovce, podr. pieskovce / Mostly claystones, minor sandstones 1,6 3,3 9,9 12,5 63,8 3,0 2,2 6,5

Od zapadu na vychod sa ¢leni na magursky flys, ¢ergovsko-beskydsky a duk-
liansko-bukovsky flys (Vass et al., 1988).Gamaspektrometriou sa tu zme-
rala prirodna radioaktivita na 869 referencnych bodoch. Jej hodnota sme-
rom od zapadu na vychod narasta. Suvisi to so zloZenim hornin, teda s lito-
typmi, ktoré tvoria dané jednotky (kap. 2.2.). V magurskej a Cergovsko-
beskydskej jednotke je to litotyp Pg-7 a Pg-8, v dukliansko-bukovskej Pg-5
a Pg-6. Celkova radioaktivita (11,7 ur) je vSak niZSia ako priemerna radio-
aktivita hornin Slovenska (12,4 ur). Nizsi je podiel vSetkych sledovanych
komponentov (K, U, Th). Davkovy prikon je 59,4nGy.h™.

Davkovy prikon z kozmického Ziarenia zavisi od nadmorskej vysky, takze
ma rozpitie 39,7 —-65,InGy.h* s priemernou hodnotou 45,4nGy.h™.
Objemova aktivita radonu (OAR) v pddnom vzduchu sa merala na 105 refe-
ren¢nych plochach. Po zhodnoteni vysledkov tychto merani moZno povedat,

Slovak territory. The Flysch Belt in the territory of the West Carpathians
is divided from west to east into the Magura flysch, Cergov-Beskydy and
Dukla-Bukova flysch (Vass et al., 1988).A total of 869 reference points
were measured using gamma ray spectroscopy.

Natural radioactivity increases from west to east. This is connected to the
composition of the rocks, i.e. to lithotypes making up given units (chapter
2.2).The Magura and Cergov-Beskydy flysch units consist of the lithotypes
Pg-7 and Pg-8, and the Dukla-Bukova flysch units of the lithotypes Pg-5,
Pg-6. But the total radioactivity here (11.7 ur) is lower than the average
rock radioactivity in Slovakia (12.4 ur). All studied radioactivity compo-
nents (K, U, Th) are lower. The dose rate is 59.4nGy.hr™.

The dose rate from cosmic radiation depends on altitude, and so it ranges
from 39.7to 65.1with the average value of 45.4 nGyhr™.
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Ze paleogén flySového pasma je nizkorizikovy (s vynimkou Casti Cergovskych
vrstiev a prititesového vyvoja na vychodnom Slovensku).
Moravskobeskydsky flys, ktory je na izemi SR zastupeny len malou plo-
chou, patri do kategorie nizkeho radonového rizika.

Merania v magurskom flySi predstavuju v ramci flySového pasma rozho-
dujuci subor (95 referencnych ploch). Najnizsie radonové riziko sa podla
merani da predpokladat v tzv. zlinskych vrstvach, kde bola stredna hodno-
ta 14kBq.m™ (81 %zhodnotenych referenénych ploch bolo zaradenych do
kategorie nizkeho radonového rizika). O Cosi vysSie hodnoty OAR sa zistili
v belovezskych vrstvach zapadobystrického flysu.

V zo6ne Cergovsko-beskydského flySu maju stredné radénové riziko pieskov-
cové horniny krynického flysu (72 % plochy je podla plosného vyhodnote-
nia v strednom radénovom riziku).

Dukliansko-bukovsky fly§ ma podobny stupen rizikovosti ako magursky.
Podzemné vody vo flySovom pasme severozapadného Slovenska sa vyzna-
¢uju pomerne stabilnymi hodnotami koncentracie uranu aj objemovymi ak-
tivitami radia a radonu. Priemerné hodnoty koncentracie uranu su typické
pre flySovy vyvoj (0,003mg.I™"). VAcsi pocet vzoriek so zvysenymi hodno-
tami uranu sa vyskytol len v oblasti Javornikov. Nizke su aj hodnoty obje-
movej aktivity radia (x = 0,033-0,03Bq.I"*, GM = 0,018-0,028q.1").
Najnizsie hodnoty sa namerali v Javornikoch (najéastejsie do 0,03 Bq.I™).
Zvysené hodnoty objemovej aktivity radonu sa objavuju len lokalne.
Koncentracia uranu vo vodach flySového pasma vychodného Slovenska
(najcastejsie 0,002—0,003ng.I") zodpoveda striedaniu litologickych typov
hornin. Objemové aktivita radia (max. 0,305 Bgq.l") je mierne zvysena
len v mineralnych vodach. Podobne aj koncentracie radénu (max.
47,96Bq.I") st len vo vodach s hlbsim obehom.

8.1.2. Vnutrokarpatsky paleogén

Vnutrokarpatsky paleogén (obr. 18,tab. 15)vypiiia sedimentarne depresie
v Zapadnych Karpatoch. MéZeme ho rozdelit na spiSsko-Sari§sku oblast,
Popradsku kotlinu a Levoéské vrchy, oravsky paleogén, Zilinsku kotlinu,
Liptovsku kotlinu, paleogén Strazovskych vrchov a paleogén Horehron-
ského podolia. Najvacsia mocnost akumulovanych flySovych nanosov
(2000-4000n) je v pasme Zilina — Orava, Levoéské vrchy — Sarisska vr-
chovina. Vrstvy vnutrokarpatského paleogénu sa Clenia na bazalne (borov-
ské) suvrstvie a hutianske, zuberecké a bielopotocké suvrstvia s flySovym
vyvojom (GRoss et al., 1984).

Borovské suvrstvie je zloZené zo zlepencov, brekcii, pieskovcov a piesCitych
ilovcov. Litologicki napln ostatnych suvrstvi tvoria prevazne pieskovce
a ilovce.

Vnutrokarpatsky paleogén zabera plochu 9,5 %plochy Slovenska. Prirodna
radioaktivita jeho hornin je pomerne nizka. Podobne je to i s davkovym pri-
konom — 59,1nGy.h™ (priemer zo Slovenska je 63,3nGy.h™).

Najnizsie priemerné hodnoty draslika si v horninach mezozoického ruz-
basského a spiSsko-SariSského paleogénu (1,1%), najvyssie v Liptovskej

Radon volume activity (RVA) of soil air was measured in 105 reference
areas. According to the evaluation of these measurements it is possible to
say that the Flysch Belt Paleogene has low risks, except for a part of the
Cergov Member and near-reef facies in eastern Slovakia.

The Morava-Beskydy flysch, which is represented only by a small area in
the territory of Slovakia, falls in the low radon risk category.

The crucial set of measurements (95RA) within the Flysch Belt was taken in the
Magura flysch. They indicate that the lowest radon risk can be expected in the
so-called Zlin Member, where the mean value of measurements was 14 kBq.m™
(81% of measurements fell in the low radon risk category). Some higher RVA
values were measured in the Beloveza Member of West Bystrica flysch.

In the Cergov-Beskydy flysch zone, medium radon risk corresponds to
sandstones of the Krynica flysch (according to areal evaluation, 72 % of the
area falls into medium radon risk category).

Measurements suggest that the Dukla-Bukova flysch is similarly risky as
the Magura flysch.

Groundwaters in the Flysch Belt of northwestern Slovakia have relatively
stable values of uranium concentrations as well as radium and radon volume
activities. Average values of uranium concentrations are typical of flysch fa-
cies (0.003mg.I"). Increased number of samples with increased uranium
contents was noted only in the Javorniky Mts. The values of radium volume
activities are also low (x = 0.033—0.038q.I", GM = 0.018—-0.028q.1"). The
lowest values were determined in Javorniky Mts. (mostly below 0.03 Bq.I™Y).
The values of radon volume activities are increased only locally.

Uranium concentrations in waters of the eastern Slovakia Flysch Belt (mos-
tly 0.002—0.003ng.1") reflect the variation of lithological types of rocks.
Radium volume activity (max. 0.305Bq.I") is slightly increased only in
mineral waters. Similarly also radon concentrations (max. 47.96Bq.I"") are
increased only in waters with deeper circulation.

8.1.2. Inner Carpathian Paleogene

Inner Carpathian Paleogene (Fig. 18, Tab. 15)fills sedimentary depressions
in the West Carpathians. It is possible to divide it into the Spis-Sari§ region,
Poprad basin and Levo¢ské vrchy, Orava Paleogene, Zilina basin, Liptov
basin, Paleogene of the Strazovské vrchy and Paleogene of the Upper Hron
valley. The largest thickness of the accumulated flysch deposits is in the
Zilina — Orava zone, Levoéské vrchy — Sarisska vrchovina which are from
2000to 4000m thick. The layers of the Inner Carpathian Paleogene are
divided into basal (Borové) formation and into the Huty, Zuberec and Biely
Potok formations of flysch character (GRrossS et al., 1984).

The Borov formation consists of conglomerates, breccias, sandstones and
sandy claystones. The remaining formations consist mainly of sandstones
and claystones.

The Inner Carpathian Paleogene covers 9.5 %of the Slovak territory. Natural
rock radioactivity of the Inner Carpathian Paleogene is relatively low. Simi-
larly, the Da is 59.1nGy.h, while the Slovak average is 63.3nGy.h™.

Obr. 18
Vndtrokarpatsky paleogén

Paleogén Strazovskych vrchov

91 - Sulovské skaly

92 - Domanizsko-mojtinsky
paleogén

93 - paleogén Horehronského

podolia

Spissko-SariSsky paleogén

73 - SariSsky paleogén

74 - Oravskomagurky flys

75 - Hornadska kotlina

76 - SpiSska Magura

78 - Chmelovsko-beriatinsky
paleogén

79 - Popradska kotlina

81 - Liptovska kotlina

Oravsky paleogén

84 - Oravska vrchovina

85 - Skorusinské vrchy

86 - Zazrivska kotlina

88 - Zilinsko-rajecké kotlina

Fig. 18
Inner Carpathian Paleogene

Strazovské vrchy Paleogene

91 - Sulovské skaly

92 - Domaniza-Mojtin
Paleogene

93 - Paleogene of the

Upper Hron valley

Spis-Saris Paleogene

73 - Saris Paleogene

74 — Orava-Magura flysch

75 - Hornad Basin

76 - Spis Magura

78 - Chmelov-Benatina
Paleogene

79 - Poprad Basin

81 - Liptov Basin

Orava Paleogene

84 - Oravska vrchovina

85 - SkoruSinské vrchy

86 - Zazriva Basin

88 - Zilina-Rajec Basin
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PRIRODNA RADIOAKTIVITA HORNIN TAB. 15 NATURAL ROCK RADIOACTIVITY

VYBRANYCH PALEOGENNYCH LITOTYPOV OF SOME PALEOGENE LITHOTYPES

No.|  Namo ofroak o oo oo W e | U] UK K
Spissko-Sarissky paleogén / Spis-Sarig Paleogene

7 | Vapnité ilovce / Calcareous claystones 1,92 3,4 10,2 13,8 69,7 3,0 1,8 53

16 | Pieskovce / Sandstones 1,47 2,9 8,3 11,1 56,4 2,9 2,0 5,7

17 | Vapnité ilovce, pieskovce / Calcareous claystones, sandstones 1,51 3,1 9,1 11,8 59,9 3,0 2,1 6,1

18 | Pieskovce, zlepence / Sandstones, conglomerates 1,28 3,0 8,7 10,9 55,8 2,9 2,5 7,3

25 | Sliene, karb. piesk. / Marls, carb. sandstones 1,78 3,3 10,3 13,3 67,6 3,2 1,8 5,8

39 | Bridlice, zlepence, pieskovce / Shales, conglomerates, sandstones 1,46 3,0 8,8 11,3 57,8 3,0 2,1 6,1
Oravsky paleogén / Orava Paleogene

16 | Pieskovce / Sandstones 1,34 2,8 7,6 10,2 52,5 2,7 2,2 5,8

17 | Vapnité ilovce, pieskovce / Calcareous claystones, sandstones 1,36 3,0 8,1 10,7 54,6 2,8 2,2 6,0

25 | Sliene, karb. piesk. / Marls, carb. sandstones 1,38 3,0 8,1 10,9 55,8 2,7 2,3 5,9

26 | Pestré slienovce / Variegated marlstones 1,25 3,0 7,4 10,2 52,2 2,5 2,5 59

39 | Bridlice, zlepence, pieskovce / Shales, conglomerates, sandstones 1,42 3,0 8,6 11,2 57,4 2,9 2,2 6,1

kotline (1,7%). Urdn m4 najniZ§ie hodnoty v ¢&asti Zilinskej kotliny,
(2,6 ppm) a najvyssie v paleogéne Horehronského podolia (3,3 ppm eU).
Torium dosahuje najnizsie hodnoty v ,ruzbasskom® ostrove (9,3 ppm eTh),
najvyssie v SariSskom paleogéne (13,1 ppm eTh). Davkovy prikon z koz-
mického Ziarenia je v rozmedzi 39—64nGy.h? s priemerom 47,6nGy.h™.
V oblasti vnutrokarpatského paleogénu sa realizovalo meranie OAR v pode
na 221 referencnych plochach. Tomuto celku prinaleZi nizky stupen rado-
nového rizika (62 %jeho plochy je zaradenych do kategdrie nizkeho radé-
nového rizika). Aj vo vnutrokarpatskom paleogéne, najma v bielopotockom
a zubereckom suvrstvi, sa vSak vyskytuju Casti zaradené do kategorie stred-
ného radénového rizika nielen v désledku vysSej priepustnosti, ale aj podla
vysledkov absolutnych hodnét merani radénu, najma v oblasti Levo¢skych
vrchov. Vysoké radonové riziko sa priamym meranim OAR zistilo iba oje-
dinele, a to na jednej referenénej ploche na juznom okraji Liptovského Mi-
kulasa.

V horninach vnutrokarpatského paleogénu sa vyskytuju podzemné vody so
zvySenymi koncentraciami radia. V mnohych pramenoch, najma v Hornad-
skej kotline, je koncentracia Ra vyssia ako 0,1 Bq.lI". Zdroj radia leZi prav-
depodobne v podloznych triasovych karbonatoch. Hypoalogénny radon sa
vyskytuje vo vodach pramefiov s hlb§im obehom (20—30Bq.I"). Priemerna
koncentracia uranu je od 0,002mg.1™" (v hutianskom, prevazne ilovcovom
suvrstvi) az po 0,004 mg.l* (v bielopotockom, prevaine pieskovcovom
suvrstvi).

8.2. Bradlové a pribradlové pasmo

Bradlové pasmo (obr. 19, tab. 16)je tektonicka jednotka vonkajsich Kar-
pat, ktora na vnutornej strane lemuje flySové pasmo. Sklada sa najma zo
slienov, pieskovcov, zlepencov, vapencov, radiolaritov, pestrych pieskovcov
a slienovcov. Je uzke, zabera len 2,6 % plochy Slovenska.

The lowest average values of potassium are in Mesozoic rocks of Ruzbachy
Spis-Sari§ Paleogene (1.1%),the highest ones in the Liptov basin (1,7 %).
Uranium has the lowest values in a part of the Zilina basin (2.6 ppm) and
the highest values in the Paleogene of the Horehronie valley (3.3 ppm eU).
The lowest thorium values occur in ,,Ruzbachy” island (9.3 ppm eTh), the
highest ones in the Sari§ Paleogene (13.1 ppm eTh). The dose rate from
cosmic radiation varies from 39 to 64 nGy.h™ averageing 47,6nGy.h™.

In the Inner Carpathian Paleogene area, RVA of soil was measured in 221
reference areas. This unit has low radon risk (62 % of the area of this geo-
logical unit falls into low radon risk category). But there are also some parts
of the Inner Carpathian Paleogene, mainly in the Biely Potok and Zuberec
formations, that fall into the medium radon risk category not only as a re-
sult of higher permeability, but also as the result of absolute values of radon
measurements, mainly in the region of LevoCské vrchy. High radon risk
was determined from direct measurements only occasionally in one refe-
rence area at the southern margin of Liptovsky Mikulas.

Ground waters with increased radium concentrations occur in the rocks
of the Inner Carpathian Paleogene. In many springs, mainly in Hornad ba-
sin, the concentration of Ra is higher than 0.1 Bq.l™. The source of ra-
dium is probably in the underlying carbonates. Hypoallogene radon
occurs in the spring waters with deeper circulation (from 20 to 30 Bq.I™).
Average concentration of uranium varies from 0.002mg.I"* (in Huty for-
mation, mainly claystones) to 0.004mg.I"* (in sandstone-dominated Biely
Potok formation).

8.2. Klippen and Near-Klippen Belts
The Klippen Belt (Fig. 19, tab. 16)is a tectonic unit of the Outer Carpathians,

which rims the inner side of the Carpathian Flysch Belt. It consist mainly
of marls, sandstones, conglomerates, limestones, radiolarites and variegated

Obr. 19
Bradlové pasmo
21

severozapadna zoéna 20
17 - Podbrané&sko-trenciansky 19
usek
18 - Myjavska pahorkatina 17
19 - puchovsky usek 18

20 - varinsky usek
21 - oravsky usek
severovychodna zéna
23 - pieninsky usek
24 - SariSsky usek
25 - benatinsky usek

Fig. 19
Klippen Belt

23 northwestern zone
17 - Podbranc¢-Trencin tract
24 18 - Myjavska pahorkatina
19 - Puchov tract
20 - Varin tract

21 - Orava tract
northeastern zone

23 - Pieniny tract
24 - Saris tract
25 - Benatina tract
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PRiRODNA RADIOAKTIVITA HORNiN' ) TAB. 16 NATURAL ROCK RADIOACTIVITY

VYBRANYCH LITOTYPOV BRADLOVEHO PASMA OF SOME KLIPPEN BELT LITHOTYPES

No.|  Name of ook % oo oo W e | ™ u/K /K
Bradlové pasmo a pribradlova oblast / Klippen and near-klippen belt

25 | Sliene, pieskovce, zlepence / Marls, sandstones, conglomerates 1,6 3,0 8,9 11,7 59,5 3,1 2,0 6,7

26 | Pestré slienovce / Variegated marlstones 1,6 2,9 9,2 11,8 60,0 3,3 1,8 6,5

33 | Kremité a rohovcové vapence / Siliceous and cherty limestones 1,6 3,1 9,6 12,1 61,8 3,2 2,0 6,5

Dovedna sa tu uskutoCnilo 267 gamaspektrometrickych merani.
Z vysledkov vyplyva, Ze hodnoty vSetkych zloziek su nizSie ako prie-
merné hodnoty z celého Slovenska. VysSie hodnoty boli namerané len
v podbrancsko-trencianskom useku (najma Th), ¢o ovplyvnili predo-
vSetkym kvartérne spraSe, pieskovce a bridlice flySoidného suvrstvia,
najmé na severovychodnej strane. Celkovy obsah draslika sa pohybuje
od 1,5do 1,7 %,uranu od 2,9 do 3,3 ppm, toria od 8,7 do 10,2 ppm,
celkova radioaktivita od 11,4 do 12,8 ur. Davkovy prikon je takisto
nizsi (59,6 nGy.h) ako slovensky priemer. Pomer Th/U 3,1,
U/K = 2,0a Th/K = 5,9.Priemerny davkovy prikon kozmického Ziare-
nia je 44,4nGy.h%.

Nizke hodnoty merania radonu (OAR) suvisia s nizkou radioaktivitou hor-
nin zucastnujucich sa na stavbe bradlového pasma. Preto sa meraniam
radénu v podach tejto jednotky nevenovala zvySena pozornost. V jurskych
vapencoch, ktoré su zakladnym stavebnym prvkom bradlového pasma sa
meralo len na 19 referenénych plochach. Stredna hodnota OAR z tychto
merani bola 17 kBq.m™, ¢o jednotku ako celok zaraduje do kategorie niz-
keho radonového rizika. Stredné radonové riziko prevazuje podla plosSného
vyhodnotenia v oblasti SariSského, oravského a varinskeho useku. Vysoké
radénové riziko sa zistilo iba v oblasti Myjavskej pahorkatiny, a to priblizne
na 1,2 %plochy.

8.3. Jadrové pohoria

Jadrové pohoria (obr. 20, tab. 17) zaberaju podstatnu Cast centralnych
Karpat a 12 %z plochy Slovenska. Su morfologicky a Strukturne vel'mi Cle-
nité. Ich zakladom je krystalické jadro, na ktorom leZia mladsSie utvary. Na
uzemi Slovenska ide o 11 jadrovych pohori: Malé Karpaty, Povazsky Ino-
vec, Tribe¢, Strazovské vrchy, Ziar, Mala Fatra, Velka Fatra, Dumbiersky
masiv v Nizkych Tatrach so Starohorskymi vrchmi, Tatry, masiv Smreko-
vice na Branisku a Humenské vrchy.

sandstones, marlites. Because this is a narrow belt, it covers only 2,6 %of the
Slovak territory.

A total of 267 gammaspectrometric measurements were taken here. From
the measurements it is possible to see that the values of all components
here are lower than the Slovak average. Higher values (mainly Th) confined
to the Podbran¢-Trencin section are caused mainly by Quaternary loesses,
sandstones and shales of a flyschoid formation, mainly at the northeastern
side. Total potassium content varies from 1.5to 1.7 %,uranium from 2.9to
3.3ppm, thorium from 8.7to 10.2ppm. Total radioactivity varies from 11.4
to 12.8ur. Dose rate here is also lower (59.6nGy.h™) than the average dose
rate in Slovakia. Th/U ratio is 3.1, U/K ratio is 2.0 and Th/K ratio is 5.9.
The average value of cosmic radiation is 44.4nGy.h™.

As regard radon measurements (RVA), the low values are connected with
the low radioactivity of rocks making up the Klippen Belt. Therefore no
special interest was devoted to radon measurements in soils of this unit.
In Jurassic limestones, that are the basic structural unit of the Klippen
Belt, only 19 reference areas were measured. Mean RVA value from these
measurements was 17 kBq.m™, and as a result this unit falls into the low
radon rick category. According to areal evaluation, medium radon risk
prevails in the Sari§, Orava and Varin sections. High radon risk was deter-
mined only in the region of Myjavska pahorkatina, approximately on 1.2 %
of the area.

8.3. Core Mountains

Core mountains (Fig. 20, Tab. 17) represent substantial part of Central
Carpathians as they cover 12.4%of the area of Slovakia. They are mor-
phologically and structurally very variegated. Core mountains consist of
a crystalline core covered by younger formations. There are 11 core moun-
tains at the territory of Slovakia, namely. Malé Karpaty, Povazsky Inovec,
Tribe¢, Strazovské vrchy, Ziar, Mala Fatra, Velka Fatra, Dumbier massif in

Obr. 20
Jadrové pohoria
a Zemplinske vrchy

Malé Karpaty

28 - Pezinské Karpaty
29 - Brezovské Karpaty
30 - Cachtické Karpaty
31 - PovaZzsky Inovec
32 - Strazovské vrchy

40 - Velka Fatra

41 - ChoCské vrchy
Tatry

43 - Zapadné Tatry
44 - Vysoké Tatry
45 - Belianske Tatry
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PRiRODNA RADIOAKTIVITA HORNI:N ) TAB. 17 NATURAL ROCK RADIOACTIVITY
VYBRANYCH LITOTYPOV JADROVYCH POHORI OF SOME CORE MOUNTAINS LITHOTYPES
No.|  Namo ofroak o oo oo W e | U] UK K
Jadrové pohoria / Core mountains

17 | Vapnita ilovce, pieskovce / Calcareous claystones, sandstones 1,5 3,3 8,6 11,6 59,6 2,6 2,4 7,1
18 | Pieskovce, zlepence / Sandstones, conglomerates 1,2 2,9 7,4 9,8 50,1 2,8 3,0 6,9
25 | Vapnita ilovce, pieskovce / Calcareous claystones, sandstones 1,4 3,2 8,6 11,3 57,6 2,8 2,5 6,8
28 | Vapence a dolomity / Limestones and dolomites 1,5 3,4 8,1 11,6 59,1 2,7 2,8 7,6
29 | Dolomity / Dolomites 1,3 35 7,8 11,1 56,9 2,4 3,3 7,7
32 | ilovité vapence, sliefovce / Clayey limestones, marlstones 1,4 3,3 8,0 11,2 57,2 2,7 2,9 7,5
33 | Kremité a rohovcové vapence / Siliceous and cherty limestones 1,4 3,3 8,0 11,3 57,7 2,6 2,7 7,5
36 | Pestré bridlice, pieskovce a dolomity / Variegated shales, sandstones and dolomites 1,7 3,7 8,9 12,7 65,0 2,5 3,1 7,6
37 | Kremence, pieskovce, ilovité bridlice / Quartzites, sandstones, clayey shales 2,0 3,6 9,3 13,8 70,2 2,8 2,1 7,7
38 | Pieskovce, vapnité bridlice, vapence / Sandstones, calcareous shales, limestones 1,7 3,3 8,9 12,4 62,9 2,8 2,4 7,1
39 | Bridlice, pieskovce, zlepence / Shales, sandstones, conglomerates 2,2 3,6 10,5 15,1 76,4 3,0 1,7 7,3
40 | ilové vapence, piesdité vapence / Clayey limestones, sandy limestones 2,1 3,2 8,5 13,1 66,2 2,9 1,6 7,8
46 | Metapsamity, fylity, svory / Metapsamites, phyllites, mica schists 2,0 3,1 9,4 13,1 66,5 3,0 1,6 7,1
47 | Ruly az migmatity / Gneisses to migmatites 2,3 4,1 10,8 15,7 79,9 2,8 1,9 7,5
48 | Amfibolity / Amphibolites 2,2 3,8 10,5 15,0 76,1 2,8 2,1 7,5
51 | Tonality / Tonalites 1,9 3,1 9,3 12,9 65,2 3,2 1,8 7,1
52 | Granodiority az granity / Granodiorites to granites 2,1 3,3 9,4 13,9 70,5 3,1 1,6 7,5
53 | Granity / Granites 2,0 35 8,6 13,4 67,8 2,5 1,8 8,0

Jadrové pohoria ako celok maju priemerné hodnoty prirodnej radioaktivity
vel'mi blizke priemernym hodnotam pre celé Slovensko (najma hodnoty U,
K, Daa celkovej radioaktivity). Z plosného vyhodnotenia kategorii rizika
to vSak neplati. V jadrovych pohoriach je vysSie percento ploch v kategorii
stredného rizika (Slovensko — 46,8 % jadrové pohoria — 63,1 %).Prirodna
radioaktivita jednotlivych jadrovych pohori sa hodnoti samostatne v dal-
Som texte.

8.3.1. Malé Karpaty

Malé Karpaty su okrajovym pohorim vnutornych Zapadnych Karpat. Roz-
kladaju sa v ich juhozapadnej Casti ako uzka hrast pretiahnuta severovy-
chodno-juhozapadnym smerom.

Krystalinikum Malych Karpat sa geologicky ¢leni na oblast bratislavského
masivu, ktory je rozsiahlejsi a na oblast severnejSieho modranského masivu.
Medzi nimi lezi zona tzv. pezinsko-perneckého krystalinika, ktoru tvoria
amfibolické intruziva a efuziva s obsahom pyroklastik a s poCetnymi polo-
hami grafitickych bridlic. Malé Karpaty sa ¢lenia na Pezinské Karpaty, Bre-
zovské Karpaty a Cachtické Karpaty.

Prirodna radioaktivita hornin tu vo vSetkych zlozkach dosahuje priemerné
hodnoty Slovenska. V Brezovskych Karpatoch boli namerané niZSie hod-
noty draslika (1,1%)a toria (8,1 ppm eTh). Tym je mensi aj davkovy pri-
kon (55,8 nGy.h"). Priemerna hodnota pomeru Th/U je 2,6, pomer
U/K — 2,0a pomer Th/K — 5,2.Priemerna hodnota davkového prikonu je
63,6nGy.h* a kozmického Ziarenia 39,0nGy.h™.

Z plutonickych hornin maju granodiority vysSie hodnoty vSetkych ra-
dioaktivnych prvkov a pomerov ako tonality. NajvyraznejSie sa to preja-
vuje v davkovom prikone, ktory pri tonalitoch dosahuje 55,3 nGy.h™
a pri granitoch 72,1 nGy.h™. Najvyssie obsahy draslika (4,24 %) maju
arkozy aZ arkozové pieskovce, najvysSie hodnoty urdnu Sedé pieskovce
a bridlice (6,8 ppm), téria pieskovce a bridlice (14,5 ppm eTh). Malé
Karpaty sa zaraduju do kategorie nizkeho az stredného radonového rizi-
ka, pritom stredné radonové riziko charakterizuje priblizne 63 % plochy
pohoria.

Nad granitoidmi Pezinskych Malych Karpat a ich obalom sa zistilo nizke
a stredné radonové riziko (55 % plochy v strednom riziku), miestne aj vy-
soké (v okoli Race), ktoré suvisi so zvySenym vyskytom pegmatitoidného,
lokalne mylonitizovaného granitu (CiZEK — SMOLAROVA, 1992).Stredné ra-
donové riziko s moznym miestnym vyskytom vysokého rizika sa viaze aj na

Nizke Tatry Mts. along with Starohorské vrchy, Tatry Mts., Smrekovica
massif in Branisko Mts. and Humenské vrchy.

Core mountains as a whole have the average values of natural radioactivity
very close to the Slovak average, mainly those of U, K, Da and total radio-
activity. However, this does not apply to areal evaluation of risk categories.
In core mountains there is a higher percentage of areas in the medium risk
category (in Slovakia 46,8 %,in core mountains 63,1 %).Natural radioac-
tivity in respective core mountains is evaluated separately below.

8.3.1. Malé Karpaty Mts.

Malé Karpaty is a marginal mountain range of the Inner Carpathians, loca-
ted in their SW part. It forms a narrow NE-SW-trending horst.

The Malé Karpaty crystalline complex is geologically divided into Bra-
tislava massif, which is more extensive, and into the Modra massif in the
north. Between both massifs there is the so-called Pezinok-Pernek crystal-
line complex composed of amphibolite intrusives and effusives with pyro-
clastics and with numerous layers of graphitic schists. According to the
regional division the Mal¢ Karpaty is divided into Pezinské Karpaty, Bre-
zovské Karpaty and Cachtické Karpaty Mts.

All components of natural rock radioactivity reach the Slovak average. The
lowest values were measured in Brezovské Karpaty. This applies mainly to
the values of potassium 1.1%and thorium 8.1 ppm eTh. Dose rate is also
lower 55.8nGy.hr. The average value of the Th/U ratio is 2.6, of U/K ratio
2.0and of Th/K ratio 5.2. Average values of the dose rate are 63.6nGy.hr*
and of cosmic radiation 39.0nGy.hr.

As for plutonic rocks, granodiorites have the highest values of all radioactive ele-
ments as well as ratios, and so have tonalites. This is best indicated by their dose
rate as the tonalites have values of 55.3nGy.hr? and granites 72.1 nGy.hr™.
Among the other rocks the highest contents of potassium (4.24 %) occur in
arcoses to arcosic sandstones, the highest values of uranium in grey sandstones
and shales (6,8 ppm) and of thorium in sandstones and shales (14.5ppm eTh).
As regards radon risk, the Malé Karpaty fall into the medium radon risk
category. This category on average accounts for approximately 63 % of the
Malé Karpaty area.

Low and medium radon risks were detected over the granitoids of the
Pezinské Malé Karpaty and their mantle (55% of the area has medium
risk). Local high risk (vicinity of Raca) is connected to the increased occur-
rence of pegmatite-bearing, sometimes mylonitized granite (CiZEK,
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horniny permu v harmonskej skupine a v pezinsko-perneckom krystalini-
ku, takisto na tzv. urdnové dolomity v severnej a vychodnej ¢asti Brezov-
skych Karpat.

V juhozapadnej Casti pohoria prevladaju horniny kryStalinika, o sa preja-
vuje o. i. vyskytom vod so zvySenou koncentraciou radioaktivnych prvkov,
najméa radénu. Su to vody prevazne plytkého obehu viazané na zonu po-
ruSenia granitov a granodioritov, v ktorej su dobré podmienky na vznik
hypergénneho radonu vo vodach. Koncentracie uranu su mierne zvysené,
pomerne vysoké su hodnoty objemovej aktivity radia (x — 0,080,
GM - 0,066Bq.1") aj radonu (x — 41,37,GM — 21,38Bq.1"). Vodu z pra-
mena Zbojnicka studna pri Raci je mozné klasifikovat ako slabo radénova
(***Rn — 269,48Bq.IY).

Najviac radioaktivnych anomalii sa zistilo v perme chocskej jednotky
a v pezinsko-perneckom krystaliniku.

8.3.2. Povazsky Inovec

Povazsky Inovec je jadrové pohorie typu megaantiklinalnej hraste. Na se-
vere je ohraniCeny Trencianskou kotlinou a Strazovskymi vrchmi, zo zapa-
du, vychodu a juhu vybezkami Podunajskej panvy. Ma mohutne vyvinuté
krystalické jadro a vsetky tri mezozoické jednotky:. obalovu, kriznansku
a cho¢sku (MAHEL, 1967).Na geologickej stavbe sa zucastiiuju najma svory
a ruly, ktoré tvoria severnu az strednu ¢ast pohoria. Popri nich sa vyskytuju
migmatity, fylonity a amfibolity. V juZnej Casti Povazského Inovca repre-
zentuju krystalinikum granodiority vystupujice spod mezozoického obalu.
Na krystaliniku severnej Casti sa vyskytuju sedimenty karbonu a permu.
Permské sedimenty boli predmetom intenzivneho uranového prieskumu
i jeho tazby. Predstavuju asi percento plochy Slovenska.

Povazsky Inovec patri medzi jednotky s vysSSou radioaktivitou ako je
priemerna celoslovenska hodnota, a to vo vSetkych sledovanych zlozkach
(K =1,8%,U = 3,7 ppm eU, Th = 10,3 ppm eTh, U, = 13,7 ur
aDa= 69,8nGy.h™). Davkovy prikon kozmického Ziarenia sa pohybuje
od 39,1 do 49,4 nGy.h' s priemernou hodnotou 43,1 nGy.h™ . Pomer
Th/U = 2,83,pomer Th/K = 6,12a pomer U/K = 2,13.

Horniny krystalinika maju obsah uranu 3,8 ppm eU, toria 9,9 ppm eTh,
draslika 2,17 %,eU, dosahuje 14,4ur, Da— 73nGy.h?, pomer Th/U = 2,8,
pomer U/K = 2,1a pomer Th/K = 5,1.

Podla merania radonu v pddach je 47,2 %plochy Povazského Inovca v niz-
kom radonovom riziku, 52,7 %v strednom a 0,1 %vo vysokom riziku. Do
kategorie s vysokym rizikom patria plochy tvorené permskymi horninami.

V krystaliniku vychodnej Casti pohoria sa nachadzaju vody so zvySenymi
koncentraciami uranu a radénu napriklad pri Podhradi (U, — 0,195mg.I*,
22Ra — 9,447Bq.I") a na Duchonke (***Ra — 315,70Bq.I™).

Z prieskumnej $tolne ¢. 60na uran v Kalnici vyteka voda so zvySenou kon-
centraciou radionuklidov. Koncentracia uranu je 0,063 mg.I*, objemova
aktivita radia 0,464Bq.I"}, objemova aktivita radonu 61,11Bq.1™.

SMOLAROVA, 1992).Medium radon risk with possible occurrence of higher
risk is also connected to the Permian rocks in the Harménia Group and in
Pezinok-Pernek crystalline complex, as well as to so called uranium dolo-
mites in northern and eastern part of the Brezovské Karpaty.

In the south-western part of the mountain range, crystalline complex rocks
prevail, which is reflected by the presence of waters with increased con-
centrations of radioactive elements, mainly radon. These are the waters
mainly of shallow circulation, connected to the zone of deformation of gra-
nites and granodiorites, where the good conditions for the formation of
hypergene radon in the waters are present. Uranium concentrations are
slightly increased, values of radium volume activity are relatively high (x —
0,080,GM — 0,066Bq.I") and the values of volume activity of radon are
high (x — 41,37,GM — 21,38Bq.I"). The water from the spring ,,Zbojnicka
studfa“ near Raca has low radon risk (***Rn — 269.48Bq.17).

The most radioactive anomalies were determined in the Permian of the
Cho¢ unit and in the Pezinok-Pernek crystalline complex.

8.3.2. Povazsky Inovec

Povazsky Inovec is a core mountain range of megaanticlinal horst type. In
the north it is surrounded by the Trencin basin and Strazovské vrchy, in the
west, east and in the south by projections of the Danube basin. It has
a huge crystalline core and all three Mesozoic units: the envelope, KriZzna
and Cho¢ (MAHEL, 1967).Mica shists and gneisses also take part in the
geological structure, forming the northern to middle part of the mountain
range. Next to these rocks migmatites, phyllonites and amphibolites occur.
In the southern part of the mountain range, the crystalline complex is
represented by granodiorites, rising from beneath the Mesozoic envelope.
On the crystalline complex Carboniferous and Permian sediments occur.
Just the Permian sediments were extensively explored and also mined for
uranium. Povazsky Inovec covers 1% of the Slovak territory.

As far as radioactivity is concerned, the Povazsky Inovec belongs among
the units with higher radioactivity than the average value for Slovakia in all
measured components K = 1.8%,U = 3.7ppm eU, Th = 10.3ppm eTh,
U, = 13.7ur and Da = 69.8nGy.hr. The dose rate of cosmic radiation
varies from 39.1to 49.4 nGy.hr'! with the average value 43.1 nGy.hr™.
Ratios: Th/U = 2.83,Th/K = 6.12and U/K = 2.13.

Crystalline complex rocks have the following element contents: U = 3.8ppm eU,
Th = 9.9ppm €Th, K = 2.17%,eUt = 14.4ur, Da= 73nGy.hr* and Th/U ra-
tio=2.8,U/K=2.1,Th/K=5.1.

Radon measurements in soils have relealed that 47.2 %of the PovazZsky Inovec
Mts. area is in the low radon risk category, 52.7 %in medium and 0.1 %in high
risk one. The high risk category occurs in the areas underlain by Permian rocks.
In the crystalline complex of the eastern part of the mountain range, waters
with increased uranium and radon concentrations are present. These waters
are for instance near Podhradie (U, 0.195mg.l?, **Ra — 9.447Bq.I") and

PRIRODNA RADIOAKTIVITA HORNIN POVAZSKEHO INOVCA. TAB. 18 NATURAL ROCK RADIOACTIVITY OF THE POVAZSKY INOVEC

Hornina K u Th

Rock % ppm eU ppm eTh
Drobové pieskovce az droby / Greywacke sandstones to greywackes 3,71 4,58 11,79
Arkdzoveé pieskovce az arkdzy / Arcosic sandstones to arcoses 3,48 5,90 11,55
Kremité hrubozrnné pieskovce / Siliceous coarse-grained sandstones 4,58 4,58 18,78
Jemné az strednozrnné pieskovce / Fine- to medium-grained sandstones 4,75 4,72 16,38
Zelené pieskovce a bridlice / Green sandstones and schists 4,01 6,83 16,90
Chloriticko-muskovitické svory / Chlorite-muscovite mica shists 2,91 3,50 18,70

8.3.3. Strazovské vrchy

Strazovské vrchy zaberaji pomerne malu ¢ast uzemia Slovenska, ato 1,9%
z jeho plochy. Su ohrani¢ené Povazskym podolim, Sulovskymi vrchmi,
Zilinskou kotlinou, Malou Fatrou, Hornonitrianskou kotlinou a Povazskym
Inovcom. Patria medzi jadrové pohoria s osobitnymi tektonickymi, ale
i litologickymi znakmi. Ich malé jadro lezi asymetricky v masive Malej
Magury a Suchého. Buduju ho krystalické bridlice, najma ruly, migmatity
a granitoidy. Podstatnu ¢ast Strazovskych vrchov tvori kriznansky a cho¢-
sky prikrov, centralnu Cast kriznansky (vapence, dolomity, slienité vapen-
ce, bridlice, kremence a pieskovce). ChocCsky prikrov je na iom uloZeny
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Duchonka (**Ra — 315.70Bq.I™"). Water with increased concentrations of
radionuclides flows from the uranium exploration adit no. 60 in Kalnica. Its

uranium concentration is 0.055,and 0.063mg.1?, the volume activity of radium
is 0.345and 0.464Bq.1", the volume activity of radon is 61.11Bq.I™.

8.3.3. Strazovske vrchy

The Strazovské vrchy Mts. cover a relatively small part of Slovakia, just
1.9% of its area. They are surrounded by the Povazie valley, Sulovské
vrchy, Zilina basin, Mala Fatra Mts., Upper Nitra basin and Povazsky Ino-
vec Mts. They belong to the core mountain ranges with special tectonic



PRI'R'Q'DNA Rf'\DIOAKTIVITA JEDNOTLIVYCH LITOTYPOV TAB. 19 NATURAL ROCK RADIOACTIVITY OF YvARIOUS' LITHOTYPES
STRAZOVSKYCH VRCHOV IN THE STRAZOVSKE VRCHY MTS.
Licthotpe No. | Rock R I o | ey | U | UK Tk

25 Sliene, zlepence, pieskovce / Marls, conglomerates, sandstones 1,71 3,1 9,3 12,4 62,9 3,0 1,9 55

28 Vapence a dolomity / Limestones and dolomites 1,51 3,1 8,0 11,2 57,2 2,7 3,3 6,6

29 Dolomity / Dolomites 1,04 3,1 6,6 9,2 47,6 2,3 3,3 6,6

33 Kremité a rohovcovité vapence / Siliceous and cherty limestones 1,39 3,4 8,0 11,2 57,6 2,4 2,7 5,9

36 Pestré bridlice, pieskovce / Variegated shales, sandstones 1,88 3,8 9,2 13,6 69,0 2,6 2,3 53

47 Ruly az migmatity / Gneisses to migmatites 2,01 4,1 9,8 13,9 70,7 2,3 2,0 4.4

51 Tonality / Tonalites 2,10 4,1 9,8 14,7 74,9 24 2,0 4,8

53 Granity / Granites 2,04 3,9 8,9 14,0 70,9 2,3 2,0 4.5

a sklada sa z vapencov a dolomitov. Miestami su na nom zvysky vysSieho
strazovského prikrovu zloZeného zo svetlych vapencov a dolomitov.

Z hladiska prirodnej radioaktivity patri uzemie medzi oblasti s priemer-
nymi hodnotami vyskytu draslika a uranu, len térium ma hodnoty o Cosi
nizsie (8,2 ppm eTh). Celkova radioaktivita dosahuje 11,7 ur. Stredna
hodnota kozmického Ziarenia je 45,7 nGy.h™a davkovy prikon z hornin
59,9 nGy.ht. Pomer Th/U = 2,56, pomer U/K = 2, 37 a pomer
Th/K = 5,65.

Strazovské vrchy maju vysSie hodnoty radonového rizika, ked v kategorii
s nizkym rizikom je 45,2 %,so strednym 54,6 %a s vysokym 0,2 %.
Mierne zvysené hodnoty koncentracie uranu (od 0,004do 0,008mg.1") sa
vyskytuju vo vodach stredne az vrchnotriasovych dolomitov cho¢ského pri-
krovu v juznej Casti Strazovskych vrchov. Tieto vody si mierne obohatené
aj radénom, pravdepodobne z podlozného krystalinika. VysSie koncentra-
cie dosahuje radon vo vodach krystalinika budovaného pasikovanymi mig-
matitmi aZ migmatitizovanymi pararulami v oblasti Kanianky (maximalna
hodnota objemovej aktivity radonu 173,36Bq.1™).

8.3.4. Tribeé

Pohorie Tribe¢ je ohrani¢ené Nitrianskou a Zitavskou pahorkatinou, Po-
hronskym Inovcom, Vtaénikom a Hornonitrianskou kotlinou. Na juhu vy-
bieha ako horsky klin do Podunajskej niZiny. Podla geologickej stavby sa
deli na tribe¢sko-zoborsky a razdielsky masiv.

TribeCsko-zoborsky masiv tvoria granitoidy a obalova séria mezozoika. Na
geologickej stavbe razdielskeho masivu sa zucastnuju krystalické bridlice
a obalové jednotky kriznanského a choCského prikrovu. Z hornin su to
najma vapence, dolomity, pieskovce, arkézy a zlepence.

Z hladiska prirodnej radioaktivity sa v pohori Tribe¢ ako celku namerali prie-
merné hodnoty jednotlivych sledovanych komponentov. Medzi obidvoma
¢astami su iba malé rozdiely. Tribe¢sko-zoborsky masiv ma vysSie hodnoty
draslika (1,8%)a toria (11,1 ppm eTh), a teda aj eU, a Da, razdielska Gast
ma o nieco vyssie hodnoty uranu (3,6 ppm eU).

V pohori Tribe¢ sa merania gamaspektrometrie uskutocnili na 253 plo-
chach. Pri hodnoteni mozZného vyskytu radioaktivnych surovin sa sledova-
li najma horniny, ktorych radioaktivita je uvedena v tabulke 21.

V tejto suvislosti treba uviest, Ze niektoré dolomity maju zvySené hodnoty
prirodnej radioaktivity, o obmedzuje ich vyuZzitie v stavebnictve.
Radonové riziko je vyssie v razdielskej Casti, kde je 70,2 %plochy v katego-
rii stredného radénového rizika. Z celkovej plochy pohoria je 43,7 %v ka-
tegorii nizkeho rizika a 56,3 %v kategorii stredného rizika.

V zoborskej, juhozapadnej Casti pohoria, kde prevladaju granitoidy nad
mezozoickymi komplexmi, vyskytuju sa vody s vySSimi koncentraciami
uranu a radonu (nad 0,004mg.I"?, resp. nad 30 Bq.I™). V razdielskej, seve-
rovychodnej Casti, kde su horniny kryStalinika (migmatity, pararuly) a me-
zozoika (obalového aj prikrovového) pomerne rovnako zastipené, sa vody
so zvySenymi hodnotami radioaktivity nevyskytuju.

8.3.5. Mala Fatra

Typickym jadrovym pohorim s mohutnym kryStalickym jadrom je Mala
Fatra. Na severe je ohranic¢ena Kysuckou vrchovinou, na vychode
Oravskou vrchovinou a Turc¢ianskou kotlinou, na juhovychode hranici so
Ziarom a na juhozapade so StraZovskymi vrchmi. Taha sa v smere JZ-SV

as well as lithologic features. They have a small and asymetrically situated
core in the Mala Magura and Suchy massifs. It is built by crystalline
schists, mainly gneisses, migmatites and granitoides. A substantial part of
the Strazovské vrchy consists of the Krizna and Cho¢ nappes. The central
part is built by the KrizZna nappe (limestones, dolomites, marly limestones,
shales, quartzites and sandstones). The overlying Cho¢ nappe consists of
limestones and dolomites. On the Cho¢ nappe there are locally remnants
of the higher StraZov nappe composed of light-coloured limestones and
dolomites.

As for the territory’s natural radioactivity, K and U values are medium,
only Th is slightly lower (8.2 ppm eTh) and thereby also the total radio-
activity is lower (11.7 ur). The mean value of the cosmic radiation is
45.7nGy.hr! and the rock dose rate is 59.9nGy.hr. Th/U ratio = 2.56,
U/K = 2.37and Th/K = 5.65.

The Strazovské vrchy display higher values of radon risk as the low risk
category accounts for 45.2 %of their territory, medium for 54,6 %and the
high one for 0,2 %.

From the point of view of radiohydrochemistry, slightly increased values of
uranium concetrations (from 0.004to 0.008 mg.I"") are present in waters
from Middle to Upper Triassic dolomites of the Cho¢ nappe in the southern
part of the Strazovské vrchy. These waters are also slightly enriched in
radon, probably from the underlying crystalline complex. Higher concen-
trations of radon are present in waters of the crystalline complex, which is
built by banded migmatites to migmatitized paragneisses in the Kanianka
area (the maximum value of radon volume activity is 173.36Bq.I").

8.3.4. Tribe¢ Mts.

Tribeé mountain range is surrounded by the Nitrianska and Zitavska
pahorkatina hills, Pohronsky Inovec Mts., Vtaénik Mts. and Upper Nitra
Basin. In the south it runs out into Danube Lowland like a mountain
wedge. Geologically, it is divided into the Tribe¢-Zobor massif and Raz-
diel massif.

The Tribe¢-Zobor massif is built by granitoids and Mesozoic envelope
sequence. Crystalline schists and envelope units of the Krizna and Cho¢ nap-
pes take part in the structure of the Razdiel massif. Limestones, dolomites,
sandstones, arcoses and conglomerates are the main type of rocks.

As to natural radioactivity, the Tribe¢ Mts. as a whole have average values
of respective measured components: eU, e€Th, K, eU, and Da. Small diffe-
rences are between the Tribe¢-Zobor and Razdiel parts. The Tribe¢-Zobor
massif has higher values of potassium (1.8 %)and thorium (11.1ppm eTh),
and consequently also eU, and f)a, while the Razdiel part has slightly hig-
her values of uranium (3,6 ppm eU).

A total of 253 areas have been measured by the gamma spectrometry me-
thod. Evaluation of the areas from the point of view of possible occurrence
of radioactive raw materials focused on rocks which are shown in table 21.
It is necessary to mention that some of the dolomites have increased values of
natural radioactivity, which affects their possible use in building industry.
Radon risk is higher in the Razdiel part, where 70.2 %of the area is in the
medium radon risk category. In the Tribe¢ Mts. as a whole 43.7 %of the
area is in the low risk category and 56.3 %in the medium risk one. In the
southwestern — Zobor part of the mountain range, where the granitoids pre-
vail over Mesozoic complexes, waters with higher concentrations of ura-
nium and radon occur (over 0.004 mg.1*, and over 30 Bq.I"). In the
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POMERY PRVKOV JEDNOTLIVYCH OBLASTI TRIBECA TAB. 20 ELEMENT RATIOS IN VARIOUS PARTS OF THE TRIBEC MTS.
Th/U U/K Th/K
Tribeésko-zoborsky masiv / Tribe¢-Zobor massif 3,24 1,98 6,37
Razdielsky masiv / Razdiel massif 2,68 2,79 6,76
PRIRODNA RADIOAKTIVITA HORNIN TRIBECA TAB. 21 NATURAL ROCK RADIOACTIVITY IN THE TRIBEC MTS.
K el eTh
Th K Th/K
% ppm ppm /Y U/ /
Arkozové pieskovce / Arcosis sandstones 2,19 2,34 8,35 3,57 1,07 3,81
Jemné az strednozrnné pieskovce / Fine- to medium-grained sandstones 2,27 3,00 12,35 4,12 1,32 3,25
Cervené az $edé bridlice / Red to gray shales 2,88 4,39 15,26 3,48 1,52 5,30
PRIRODNA RADIOAKTIVITA VYBRANYCH TAB. 22 NATURAL RADIOACTIVITY OF SELECTED LITHOTYPES
LITOTYPOV TRIBECA IN THE TRIBEC MTS.
C. Nazov horniny K eU eTh el Da
No. Name of rock % ppm ppm ur1 nGy.h? Th/U U/K Th/K
5 | ilovce, strky, vapence / Claystones, gravels, limestones 1,56 3,5 11,2 13,4 68,1 3,2 2,3 7,2
18 | Pieskovce, zlepence / Sandstones, conglomerates 1,18 3,3 7,7 10,4 53,2 2,4 3,2 6,6
28 | Vapence a dolomity / Limestones and dolomites 1,38 3,6 9,3 12,0 61,4 2,6 2,9 6,9
51 | Tonality / Tonalites 2,02 3,3 10,7 14,2 71,7 3,3 1,8 5,6

a ma mierne asymetricky tvar. Stredom pohoria sa prerezava Vah. Na
stavbe Malej Fatry sa uplatnuje kryStalinikum, mladopaleozoické a mezo-
zoické intenzivne zvrasnené komplexy obalu a prikrovov, lokdlne aj cen-
tralnokarpatsky paleogén. Krystalické jadro tvoria granitoidy a metamor-
fity. V obale su zastupené permské arkozy, spodnotriasové kremence
a kremité pieskovce s polohami lavicovitych vapencov, pestrych bridlic
a lokalne kremencov. Suvrstvia kriznanského prikrovu tvoria najméa gu-
tensteinske vapence a bridlice, choCsky prikrov masivne dolomity prestu-
pené vapencami.

Z hladiska prirodnej radioaktivity ma tizemie Malej Fatry nizke hodnoty
vSetkych sledovanych komponentov. Zrejmé je to z celkovej radioaktivity
10,6ur a z davkového prikonu (54,1nGy.h™), o patri medzi najnizZsie hod-
noty namerané v jadrovych pohoriach. Tieto nizke hodnoty sposobuje
najma vyskyt vapencov, slienitych vapencov a slienov. O €osi vysSie hodno-
ty vykazuju triasové bridlice — karpatsky keuper (K= 1,8%,eU = 2,5ppm,
Th = 8,5ppm).

Priemerna hodnota Da,,.. je 51,3nGy.h™

Z hladiska radonového rizika patri uzemie Malej Fatry v pomerne vel'kom
rozsahu do kategorie stredného rizika (70,2 %), zvySok do kategdrie niz-
keho rizika.

northeastern — Razdiel part, where crystalline complex rocks (migmatites,
paragneisses) and Mesozoic (envelope as well as nappe types) are present
fairly equally, waters with increased radioactivity values are absent.

8.3.5. Mala Fatra Mts.

The Mala Fatra Mts. is a typical core mountain range with a huge crystalline
core. In the north it is surrounded by Kysuce upland, in the east by Orava
upland and Turiec basin, in the SE it borders the Ziar Mts. and in the SW
the StraZzovské vrchy Mts. It extends in the SW-SE direction and has a sligh-
tly asymetric shape. The crystalline complex, Late Paleozoic and Mesozoic
extensively folded complexes of the envelope and nappes and locally Central
Carpathian Paleogene make up the Mala Fatra Mts. The crystalline core is
built by granitoides and metamorphic rocks. The envelope consists of Per-
mian arcoses, Early Triassic quartzites and siliceous sandstones with layers
of bedded limestones, variegated shales and locally quartzites. The Krizna
nappe formations consist mainly of Gutenstein limestones and shales. The
Choc¢ nappe is formed by massive dolomites interbedded by limestones.

As regards natural radioactivity, the territory of the Mala Fatra Mts. has
low values of all measured radioactivity components. It is obvious from the
total radioactivity (10.6 ur) and from the dose rate (54.1 nGy.hr?), that

PRIRODNA RADIOAKTIVITA VYBRANYCH LITOTYPOV TAB. 23 NATURAL RADIOACTIVITY OF SELECTEDI LITHOTYPES
MALEJ FATRY IN THE MALA FATRA MTS.
G| e oy S - I T T VSR
17 | Vapnité ilovce, pieskovce / Calcareous claystones, sandstones 1,32 3,1 7,6 10,4 53,4 2,5 2,5 59
18 | Pieskovce, zlepence, brekcie / Sandstones, conglomerates, breccias 1,46 3,0 7,6 10,8 54,6 2,6 2,2 5,4
32 | ilové vapence, piescité vapence / Clayey limestones, sandy limestones 1,28 3,0 7,6 10,3 52,8 2,6 2,5 5,9
51 | Tonality / Tonalites 1,33 2,6 8,5 10,5 53,3 35 2,0 6,8
52 | Granodiority az granity / Granodiorites to granites 1,61 2,6 8,3 11,2 56,7 3,2 1,7 5,2

V pohori sa vyskytuju plochy budované horninami krystalinika. Vo vo-
dach kory zvetravania tychto hornin sa ¢asto vyskytuju zvySené kon-
centracie uranu a radonu. V Lucanskej Malej Fatre sa takéto vody
viazu na dvojsludové a biotitické pararuly a v Krivanskej Malej Fatre
na biotitické kremenné diority az granodiority. Vodu z pramena pri
Turcianskych Klacanoch mozeme klasifikovat ako radioaktivnu (kon-
centracia uranu 0,035 mg.I"Y). Vo vodach dolomitov choéského pri-
krovu Lucanskej Malej Fatry st koncentracie uranu slabo zvysené (nad
0,004mg.1").
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rank among the lowest values in the core mountains. The low values are
caused mainly by limestones, marly limestones and marls. Triasic shales —
Carpathian Keuper have slightly highervalues (K = 1.8%,eU = 2.5ppm,
Th = 8.5ppm).

Average value of I.)aCosmic is 51.3nGy.hr™.

As regards radon risk, a relatively high percentage of the Mala Fatra terri-
tory falls into the medium radon risk category (70.2%),the rest being in
the low risk category.

Important areas, built by crystalline complex rocks, occur in this mountain
range. In the waters from crystalline complex weathering crust we can



8.3.6. Vel'ka Fatra

Vel'ka Fatra je ohrani¢ena Turc¢ianskou kotlinou, Malou Fatrou, Oravskou
vrchovinou, Choc¢skymi vrchmi, Liptovskou kotlinou, Nizkymi Tatrami,
Starohorskymi a Kremnickymi vrchmi. Krystalické jadro vystupuje na
povrch na pomerne malej ploche a pozostava z granitoidnych hornin roz-
neho typu, z ktorych najrozsirenejsi je biotiticky granodiorit. Mala plochu
tvoria krystalické bridlice, prevazne pararuly. Velkofatransku obalovu sériu
tvoria horniny spodného triasu az kriedy, najma bridlice, vapence, dolomi-
ty, pieskovce a kremence. Zabera plochu 1,6 %uzemia Slovenska.

Vel'ka Fatra ma hodnoty prirodnej radioaktivity o Cosi nizsie (K = 1,6 %,
eU = 3,2ppm, eTh = 7,9ppm, eU, = 11,5ur a Da= 58,8nGy.h™).
Davkovy prikon z kozmického Ziarenia sa pohybuje v rozsahu 44,0 az
61,4nGy.h? s priemerom 51,4nGy.h™%.

often find increased concetrations of uranium and radon. In the Luc¢an-
ska Mala Fatra Mts. these waters are connected to two-micas and biotite
paragneisses and in the Krivanska Mala Fatra Mts. to biotite quartz
diorites to granodiorites. The water from the spring near Turcianske
Kla¢any can be classified as radioactive (uranium concentration is
0.035mg.I"). In waters from dolomites of the Cho¢ nappe of the Lu-
C¢anska Mala Fatra Mts., slightly increased uranium concentrations are
present (over 0.004mg.1%).

8.3.6. Velka Fatra Mts.
The Vel'ka Fatra Mts. is surrounded by the Turiec basin, Mala Fatra Mts.,

Oravska vrchovina upland, Choé¢ské vrchy Mts., Liptov basin, Nizke Tatry
Mts., Starohorské vrchy Mts. and Kremnické vrchy Mts. The crystalline

PRIRODNA RADIOAKTIVITA LITOTYPOV VELKEJ FATRY TAB. 24 NATURAL RADIOACTIVITY OF LITHOTYPES IN THE VELKA FATRA MTS.
No.|  Name of roak o o o W aem | ™ UK Th/K
17 | Vapnité ilovce, pieskovce / Calcareous, conglomerates, limestones 1,82 3,4 7,6 13,5 68,7 3,0 2,0 5,8

28 | Véapence a dolomity / Limestones and dolomites 1,44 3,0 7,0 10,5 53,6 2,5 3,8 6,5

32 | ilovité a piescité vapence / Clayey and sandy limestones 1,47 3,4 8,0 11,4 58,2 2,8 3,0 6,2

51 | Tonality / Tonalites 2,21 3,6 8,4 13,9 70,3 25 1,9 4,2

52 | Granodiority az granity / Granodiorites to granites 2,27 3,5 9,1 14,3 72,0 3,1 1,6 4,4

Z hladiska radénového rizika je 30,8 %uzemia pohoria v kategorii nizkeho
a 69,2 %vysokého radonového rizika.

8.3.7. ChoCské vrchy

Choc¢ské vrchy sa rozkladaju medzi vychodnym okrajom Malej Fatry a Za-
padnymi Tatrami na pravej strane Vahu. Geomorfologicky sa Clenia na
Cho¢, Sielnické vrchy a Prose¢né. Chocské vrchy sa skladaju prevazne
z vapencov a dolomitov, dalej su tu zastupené sliene, pieskovce a bridlice.
Na povrch vystupuju v kriznanskej a chocskej jednotke. Celkova hodnote-
na plocha predstavuje 0,4 % z plochy uzemia Slovenska. RozloZenie pri-
rodnej radioaktivity v ChoCskych vrchoch je monoténne, relativne zvySenie
vo vychodnej Casti ide na vrub lunzskych vrstiev.

Podla merani patri 35,4 %plochy Choéskych vrchov do kategorie nizkeho,
zvy$na Cast do kategorie stredného radonového rizika.

core is exposed onthe surface in a relatively small area and consist of gra-
nitoid rocks of different types, from whom biotite granodiorite is the most
widespread. Crystalline schists, mainly paragneisses underlie a small area.
The Velka Fatra envelope series consists of Lower Triassic to Cretaceous
rocks, mainly shales, limestones, dolomites, sandstones and quartzites. It
cowers 1,6 %of the Slovak territory.

The Velka Fatra Mts. have slightly lower values of natural radioactivity.
The values are following: K = 1.6%,eU = 3.2 ppm, ¢Th = 7.9 ppm,
eUt = 11.5ur and Da = 58.8nGy.hr™.

The dose rate from the cosmic radiation ranges from 44.0to 61.4nGy.hr*
with the average 51.4nGy.hr™. 30.8 %of the teritory is the low radon risk
category and 69.2 %in the high risk one.

8.3.7. ChoCské vrchy Mts.

The Choc¢ské vrchy extend between the eastern margin of the Mala Fatra

PRIRODNA RADIOAKTIVITA LITOTYPOV CHOCSKYCH VRCHOV TAB. 25 NATURAL RADIOACTIVITY OF LITHOTYPES IN CHOCSKE VRCHY MTS.
c. Nézov horniny K eU eTh U Da
No. Name of rock % ppm ppm u; nGy.h? Th/u U/K Th/K
25 | Vapnité ilovce, pieskovce / Sandstones, conglomerates, limestones 1,14 2,9 7,6 9,9 50,5 2,6 3,1 7,1
28 | Vapence a dolomity / Limestones and dolomites 1,13 3,2 7,1 9,9 50,9 2,2 3,3 6,6
32 | ilovité vapence, pieséité a kremité pieskovce 1,44 3,1 8,5 11,3 57,9 2,7 2,5 6,1
Clayey limestones, sandy and siliceous sandstones
8.3.8. Tatry Mts. and Zapadné Tatry Mts., on the right bank of the river Vah. Geomor-

Tatry st najvy$§im pohorim na Slovensku. Clenia sa na Zapadné, Vysoké
a Belianske.

Zapadné Tatry predstavuju krajinny vel'horsky podcelok ohrani¢eny Pod-
tatranskou kotlinou, Choéskymi vrchmi, hranicou s Polskom a Vysokymi
Tatrami. Maju krystalické jadro (krystalické bridlice, pararuly, ortoruly,
migmatity, diority, granodiority a granity) a v jeho nadloZi mezozoické se-
dimenty. Mezozoické komplexy maju vel'mi pestré zloZenie (pieskovce, slie-
novce, bridlice, kremence, vapence, dolomity).

Vysoké Tatry su jednou z najvyznamnejSich krajinnych ¢asti Slovenska. Na
severe ich obmedzuje Podtatranska brazda, na severovychode Belianske
Tatry, na vychode a na juhu Podtatranska kotlina a na zapade Zapadné
Tatry. Prevladajucim ¢lenom krystalinika su granitoidy. Krystalické brid-
lice su len na malych plochach v nadlozi granitoidného masivu. Mezo-
zoické utvary su zastupené kremencami, vapencami a dolomitmi.
Belianske Tatry zaberaju vychodnu Cast Tatier a na rozdiel od Vysokych
Tatier su utvorené z obalovych a prikrovovych sekvencii. Pozostavaju z va-
pencov, kremencov, dolomitov a pieskovcov.

phologically they are divided into Cho¢, Sielnické vrchy and Prose¢né. The
Chocské vrchy are composed mainly of limestones and dolomites, along
with minor marls, sandstones and shales. They are exposed on the surface in
the Krizna and Cho¢ units. Total evaluated area represents 0.4 % of the
Slovak territory. As to natural radioactivity, the Choéské vrchy are monoto-
nous, the Lunz Member being responsible for a relative increase in the eas-
tern part of the area.

RVA measurements indicate that 35.4 %of the area displays low and 64.6 %
medium radon risk.

8.3.8. Tatry Mts.

The Tatry Mts. is the highest mountain range in Slovakia. Regionally, they
are divided into the Zapadné Tatry, Vysoké Tatry and Belianske Tatry.

The Zapadné Tatry represent a landscape alpine subsystem surrounded by the
Subtatric basin, Choc¢ské vrchy, border with Poland and by the Vysoké Tatry.
They are composed of a crystalline core (crystalline schists, paragneisses,
orthogneisses, migmatites, diorites, granodiorites and granites) and overlying
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PRIEMERNE HODNOTY PRVKOV GRANITOIDOV AVERAGE ELEMENT VALUES OF GRANITOIDS

VYSOKYCH TATIER IN THE VYSOKE TATRY MTS.
Granitoits N (opm 6U) oo u/K ThU Th/K
Biotitické granodiority / Biotite granodiorites 76 1,68 1,74 8,89 51 1,0 53
Autometamorfované granity / Autometamorphosed granites 26 2,13 1,84 6,34 3,1 0,9 3,0
Kataklasované granity / Cataclastic granites 9 2,80 3,03 11,79 3,9 1,1 4,2

Tatry ako celok zaberaju 1,2-percentnu plochu uzemia Slovenska, z toho
Zapadné Tatry 0,6 %, Vysoké Tatry 0,4 %a Belianske Tatry 0,2 %.

Pri hodnoteni prirodnej radioaktivity Tatier sa zistil o ¢osi vy$§i obsah dras-
lika (1,9 %)a nizsie priemerné hodnoty téria (€Th = 8,9ppm a eU = 3,1ppm).
Celkova radioaktivita a davkovy prikon (64,7 nGy.h™) len malo prevysuju
priemer. Hodnota kozmického Ziarenia Da sa meni podla nadmorskej vysky,
jej priemer 64,2nGy.h™ vysoko prevysuje priemer celého Slovenska.
NajvysSie hodnoty davkového prikonu hornin maju Vysoké Tatry
(f)a = 66,4nGy.h™), nasleduju Zapadné Tatry (65,4 nGy.h™) a najnizsie
hodnoty maju Belianske Tatry (58,7 nGy.h™). Zavisi to od horninového
zloZenia. Priemerna hodnota Da je 64,7nGy.h™.

Radonové riziko v celej oblasti Tatier je rozloZzené medzi nizke a stredné
v pomere 1:3, pricom Vysoké Tatry maju stredné riziko az na 90,2 %plo-
chy a Belianske Tatry len na 28,4 %plochy.

8.3.9. Dumbierske Tatry

Dumbierske Tatry st ohrani¢ené Starohorskymi vrchmi, Liptovskou kot-
linou, Velkou Fatrou a Horehronskym podolim. Geologicku a geotekto-
nicka jednotku tvori krystalické jadro s kriznanskym a cho¢skym pri-
krovom. V krystalickom jadre su kryStalické bridlice a granodiority.
Z bridlic su zastupené migmatity, pararuly a diaftority. Granodioritové
telesa tvoria rozsiahle telesa v masive PraSivej, Chabenca, Chopku
a Dumbiera. Vyskytuje sa v nich granodiorit az kremity diorit dumbier-
skeho typu a biotiticka az dvojsludova zZula. Obalové série su zastupené
obalovou, kriznanskou i cho¢skou jednotkou. Su to najma spodnotria-
sové kremence, triasové vapence a dolomity. Charakteristickou zlozkou
stavby choéského prikrovu su karbonske a permské sedimenty.
Porovnanie prirodnej radioaktivity Dumbierskych Tatier s priemerom
Slovenska upozorni na zvysené priemerné hodnoty draslika (2,0 %), vys-
Sie hodnoty U (3,8 ppm eU) a priemerné hodnoty toria (9,3 ppm eTh).
Preto je aj o Cosi zvySena celkova radioaktivita (eU, = 13,9ur) a davkovy
prikon (70,7 nGy.h). Davkovy prikon kozmického Ziarenia je vplyvom
nadmorskej vysky vyssi, a to od 44,9 do 79,9 nGy.h!, s priemerom
55,9nGy.h™.

Oblasti budované spodnotriasovymi kremencami Cervenej Magury su zau-
jimavé tym, Ze maju vysSie obsahy toria. Vapencovo-dolomiticky komplex
je charakteristicky niz§imi hodnotami toria.

Radonové riziko je v tejto oblasti prevazne stredné (73,9 %plochy tizemia),
nizke (25,7 %)a vysoké (0,4 %).

ZvySené koncentracie uranu sa vyskytuju najmé vo vodach dolomitov choc-
ského prikrovu (priemerna hodnota uranu 0,004mg.1™"). Miernym zvysenim
koncentracii uranu sa vyznacuju aj vody krystalinika, napriklad vody leuko-
kratnych granitov juzne od Partizanskej LupCe a migmatitov v oblasti Jasenia
a Dolnej Lehoty (max. 0,026mg.1™"). Objemova aktivita radia v podzemnych
vodach nevykazuje okrem vynimiek (napr. mineralne vody) zvysenu koncen-
traciu. Na uzemi Dumbierskych Tatier sa vyskytuji vody so zvySenymi hod-
notami objemovej aktivity radonu. Takéto vody moZeme rozdelif do dvoch
skupin: vody viazané na koru zvetravania leukokratnych granitov a migma-
titov krystalinika v okoli Brusna, Pohronského Bukovca, Jasenia (s hodnota-
mi nad 100Bq.I") a vody hlbokého obehu viazané na tektonické zlomy napri-
klad v okoli Partizanskej Lupce (vyznacuju sa aj zvySenymi objemovymi akti-
vitami radia).

8.3.10. Ostatné jadrové pohoria

Do tejto skupiny patria Starohorské vrchy, Branisko s Ciernou horou a Hu-
menské vrchy.

Starohorské vrchy ohraniCuje Vel'ka Fatra, Kremnické vrchy, Zvolenska
kotlina a Nizke Tatry. Su pokracovanim krystalinika dumbierskeho typu.
Vo vychodnej Casti kryStalinikum (granodiority az granity) utvara ostrovy,
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Mesozoic sediments. The Mesozoic complexes have very variable compositi-
on (sandstones, marlstones, shales, quartzites, limestones, dolomites).

The Vysoké Tatry Mts. belong among the most important landscape part of
Slovakia. They are surrounded by the Subtatric trough, Belianske Tatry Mts.
in the NE, Subtatric basin in the east and in the south and the Z padné Tatry
in the west. Granitoides are the prevailing rock of the crystalline complex.
Crystalline schists are present only in small areas above the granodiorite
massif. Mesozoic formations are composed of quartzites, limestones and
dolomites.

The Belianske Tatry occupy the eastern part of the Tatry and unlike the
Vysoké Tatry they are formed by envelope and nappe sequences. They are
composed of limestones, quartzites, dolomites and sandstones.

The Tatry as a whole occupy 1.2 %of the Slovak territory, of which the Zapad-
né Tatry account for 0.6 %, Vysoké Tatry 0.4 %and Belianske Tatry for 0.2 %.
An evaluation of natural radioactivity attests to slightly higheraverage valu-
es of potassium contents (1.9 %)and lower average values of thorium eTh
= 8.9ppm and eU = 3.1ppm.

Total radioactivity is slightly higher than the average and so is the dose rate
(64,7nGy.hr"). Cosmic radiation value Da varies according to the sea level
with the average highly exceeding the average of Slovakia 64.2nGy.hr™.
Concerning the various parts of the Tatry Mts., the Vysoké Tatry have the
highest values of rock dose rate Da = 66.4nGy.hr, Zapadné Tatry lower
(65.4nGy.hr") and Belianske Tatry have the lowest values (58.7nGy.hr™).
The dose rates are controlled by the rock composition. The average value
of Da is 64.7nGy.hr™.

The low-to-medium radon risk ratio for the whole region of Tatry Mts. is
1: 3, while the Vysoké Tatry have as much as 90.2 %of the area in the me-
dium risk category and Belianske Tatry only 28.4 %.

8.3.9. Dumbierske Tatry Mts.

The Dumbierske Tatry Mts. are surrounded by the Starohorské vrchy Mts.,
Liptov basin, Vel'ka Fatra Mts. and Upper Hron valley. The crystalline core
with the Krizna and Cho¢ nappes form this geological and tectonic unit.
The crystalline core consists of crystalline schists and granodiorites.
Schists include migmatites, paragneisses and diaphtorites. Granodiorites
form large bodies in the Prasiva, Chabenec, Chopok and Dumbier Massifs.
They are represented by Dumbier-type granodiorites to quartz diorites and
by biotite and two-micas granites. The cover series comprise the envelope,
Krizna and Choc¢ units. These are mainly Lower Triasic quartzites, Triassic
limestones and dolomites. Carboniferous and Permian sediments are typi-
cal members of the Cho€ nappe.

As regards natural radioactivity, compared with the average of Slovakia,
the Dumbierske Tatry have increased values of potassium (2.0 %), higher
values of uranium (3.8 ppm eU) and average values of thorium (9.3 ppm
eTh). Therefore the values of total radioactivity eUt = 13.9ur and the dose
rate 70.7nGy.hr* are slightly increased. Considering the sea level the dose
rate of the cosmic radiation is higher, ranging from 44.9to 79.9nGy.hr*
and averaging 55.9nGy.hr.

As regards rocks, areas underlain by the Lower Triassic Cervena Magura
quartzites are interesting because of their higher thorium content. The li-
mestone-dolomitic complex is characterized by lower values of thorium.
Radon risk in this region is largely medium (73.9 %of the area), less fre-
quently low (25.7 %),and high (0.4 %).

Increased uranium concentrations occur mainly in waters of Cho¢ nappe
dolomites (average value of uranium is 0.004mg.I""). Moderately increased
uranium concentrations are present also in the crystalline complex, e. g. in
waters from leucocratic granites south of Partizanska Lupc¢a and in waters
from migmatites in the Jasenie and Dolna Lehota regions (max. 0.026mg.I™%).
Radium volume activity is increased only rarely (e. g. mineral waters). In this
region, waters with increased values of radon volume activity are present.



PRIRODNA RADIOAKTIVITA LITOTYPOV TAB. 27 NATURAL RADIOACTIVITY OF LITHOTYPES

DUMBIERSKYCH TATIER IN THE DUMBIERSKE TATRY MTS.

No.|  Name ofroak o oo oo W e | U] UK K

17 | Vapnité ilovce, pieskovce / Calcareous, claystones, sandstones 1,6 3,6 9,0 12,5 63,8 2,6 2,5 5,8

18 | Pieskovce, zlepence, brekcie / Sandstones, conglomerates, breccias 1,1 2,4 6,9 9,0 45,8 3,6 2,5 6,4

28 | Vapence, dolomity / Limestones, dolomites 1,6 35 7,6 11,7 59,9 2,8 3,0 54

29 | Dolomity / Dolomites 1,7 4,0 8,7 12,9 66,0 2,5 3,2 5,8

32 | ilovité vapence, sliefiovce / Clayey limestones, marlstones 1,5 3,7 7,8 11,7 59,9 2,9 3,7 5,8

33 | Piescité, skvrnité, hluznaté kremité vapence 1,1 4,8 6,2 11,0 57,9 1,7 5,8 6,2
Sandy, spotted, nodular, siliceous limestones

37 | Kremence, pieskovce, ilovité bridlice 2,1 3,8 9,5 14,4 73,1 2,7 2,2 4.9
Quartzites, sandstones, shales

47 | Ruly az migmatity / Gneisses to migmatites 2,5 4.4 11,9 17,2 87,4 2,8 1,8 5,0

51 | Tonality / Tonalites 2,4 35 10,0 15,0 75,6 3,1 1,5 4,3

52 | Granodiority az granity / Granodiorites to granites 2,3 3,7 10,4 15,4 77,9 3,3 1,6 4,6

na ktorych su nasunuté mezozoické komplexy. V zapadnej Casti sa vyskytuju
dvojsludové pararuly a migmatity, priCom nadloZnu zloZku tvoria permské
arkézy s polohami konglomeratov, bridlice a pieskovce. Z dalSich hornin sa
tu uplatiuju triasové kremence, bridlice, vapence a dolomity.

Branisko a Cierna hora tvoria najvychodnejsie jadrové pohorie Slovenska.
Branisko s Ciernou horou je ohrani¢ené Levocskymi vrchmi, Hornadskou
kotlinou, Sarigskou vrchovinou a Volovskymi vrchmi. Ma dve krystalické
jadra, a to v masive Smrekovice a masive Slubice, tvorené pararulami, gra-
nitmi a granodioritmi (masiv Smrekovice) a svormi, fylonitmi s prechodom
do biotitickych a dvojsludovych parartl (masiv Slubice). Cierna hora ma
krystalinikum z pararul, svorov, fylonitov a migmatitov, miestami aj zal. Na
horninach krystalinika lezia fylity, zlepence, pieskovce, brekcie a karbon-
ske a permské bridlice.

Humenské vrchy predstavuju zlozité antiklinorium budované strednokrie-
dovymi komplexmi krizianského prikrovu (tmavé a svetlé vapence, dolo-
mity, bridlice a kremence).

NajvysSie hodnoty prirodnej radioaktivity maja Starohorské vrchy, naj-
nizsie Branisko a Cierna hora. V Starohorskych vrchoch sa vyskytuju naj-
vysSie priemerné hodnoty uranu a toria zo vsetkych jadrovych pohori
(4,3ppm eU, 10,3ppm eTh). To uruje pomerne vysoké hodnoty U, = 15,8ur
aDa= 80,2nGy.h™. Priemerné hodnoty davkového prikonu kozmického
Ziarenia su najvysSie pre Branisko (50,5nGy.h?), pre Starohorské vrchy je
to 49,1nGy.h* a pre Humenské vrchy 40,0nGy.h™.

Z hladiska radonového rizika ma najvysSie zastupenie ploch so strednym rizi-
kom Branisko (72,6 %).Starohorské vrchy, hoci maji mensiu plochu stred-
ného rizika (57,3 %),maju i vysoké riziko (0,5%)viazané na permské horni-
ny. NajniZsie zastupenie izemia so strednym rizikom (33,1 %)maji Humen-
ské vrchy.

8.4. Veporské pasmo

Je to jedna z hlavnych geologickych jednotiek vnutornych Zapadnych
Karpat a lezi medzi tatrikom a gemerikom (obr. 21). Zabera 7,4 % plochy
Slovenska. Cleni sa na tieto jednotky:

1. Lubietovska, ktoru tvoria najmé horniny krystalinika — pararuly, mig-
matity, amfibolity a granitoidy. DalSou stavebnou jednotkou je mlado-
paleozoicky obal tvoreny zvacsa suvrstvim terigénneho permu a paleo-
ryolitmi, ale aj obalovym mezozoikom — bridlicami a zlepencami.

. Kraklovska zona s prevahou parabridlic nad granitoidmi. Na jej stavbe sa
zucastnuju aj fylonity, fylity s vlozkami paleoryolitov a menSie telesa gra-
nitov. Obal tvoria arkozy a bridlice permu a mezozoikum Vel'kého Boku.

. Kralovoholska zoéna zloZena z granitoidov, krystalickych bridlic, najma
pararul, ojedinele z migmatitov a amfibolitov. Z granitoidov sa tu vysky-
tuje granodiorit az granit veporského typu a granodiorit az kremenny dio-
rit sihlianskeho typu. Obal tvoria sedimenty permu a struZenicka séria.

. Kohutska zéna. Je to najjuznejsia cast veporika, obmedzena zo severo-
zapadu muranskym zlomom a z juhovychodu lubenicko-margecianskou
liniou. Sklada sa z pararul, migmatitov, svorov (ojedinele s polohami
amfibolitov a karbonatov), dalej fylitov, karbonskych zlepencov, pies-
kovcov a fylitov, permskych arkéz, zlepencov a kremencov.

These increases can be divided into two groups. waters connected to the
weathering crust of leucocratic granites and migmatites of the crystalline
complex in the surroundings of Brusno, Pohronsky Bukovec, Jasenie (with
values over 100Bq.I'), and deep circulation waters connected to tectonic
faults, e. g. in the surrounding of Partizanska Lupca (increased volume acti-
vities of radium are also typical).

8.3.10. The Other Core Mountains

This group comprises the Starohorské vrchy, Branisko with Cierna Hora and
Humenské vrchy.

The Starohorské vrchy are surrounded by the Vel'ka Fatra Mts., Kremnické
vrchy Mts., Zvolen basin and Nizke Tatry Mts. They are a continuation of
a Dumbier-type crystalline complex. In the eastern part the crystalline basement
(granodiorites to granites) forms islands on which Mesozoic complexes were
overthrust. In the western part there are two micas paragneisses and migmatites
overlain by Permian arcoses with layers of conglomerates, shales and sandsto-
nes. Other rocks include Triassic quartzites, shales, limestones and dolomites.
The Branisko and Cierna hora Mts. are the easternmost Slovak core moun-
tains. The Branisko with Cierna Hora is surrounded by the Levocské vrchy
Mts., Hornad basin, Sari§ska vrchovina Upland and Volovské vrchy Mts. The
Branisko Mts. has two crystalline cores — one in the Smrekovica and the
other in the Slubica massif composed of paragneisses, granites and granodio-
rites (Smrekovica massif) and of mica shists, phyllonites passing to biotite
and two-micas paragneisses (Slubica massif). The Cierna Hora Mts. crystal-
line complex consist of paragneisses, mica shists, phyllonites and migmatites,
locally with granites. Crystalline complex rocks are overlain by phyllites, con-
glomerates, sandstones, breccias and Carboniferous and Permian schists.
The Humenské vrchy form a complicated anticlinorium, composed of Mid-
dle Cretaceous complexes of the Krizna nappe (black and light-coloured li-
mestones, dolomites, shales and quartzites).

From the point of view of natural radioactivity, the Starohorské vrchy have the
highest values and the Branisko and Cierna Hora Mts. have the lowest values.
The Starohorské vrchy have the highest average values of uranium among
all core mountains (4.3 ppm eU), but also of thorium 10.3ppm €Th like in
the Povazsky Inovec Mts., giving relatively high values of U, = 15.8ur and
Da = 80.2nGy.hr. Average values of dose rate of cosmic radiation are the
highest in the Branisko 50.5nGy.hr?, followed by the Starohorské vrchy
with 49.1nGy.hr! and Humenské vrchy 40.0nGy.hr™.

As regards radon risk, the medium category is most widespread in the Bra-
nisko (72,6 %).The Starohorské vrchy, athough having smaller area of
middlerisk (57,3 %),have also the high risk category (0.5%) connected
to Permian rocks. Humenské vrchy have the smallest medium risk area
(33.1%).

8.4. Veporic Zone
It is one of the main geological units of the Inner Carpathians lying between

the Tatricum and Veporicum (Fig. 21). The Veporic zone covers 7.4 % of
the Slovak territory. It is divided into the following units:
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Obr. 21
Veporské pasmo

51 - lubietovska zona

52 - kraklovska zona

53 - kralovoholska zdna

54 - kohutska zona

55 - Kozie chrbty
(Vikartovsky chrbat)

Slubica - Cierna hora

57 - masiv Slubice

58 - masiv Ciernej hory

59 - Muranska planina

60 - hronské synklinérium

Fig. 21
Veporic zone

51 - Lubietova zone
52 - Kraklova zone
53 - Kralova hola zone
54 - Kohut zone
55 - Kozie chrbty
(Vikartovsky chrbat Ridge)
Slubica - Cierna hora
57 - Slubica massif
58 - Cierna hora massif
59 - Muranska planina plateau
60 - Hron synclinorium

5. Kozie chrbty. Ich stavebnou jednotkou su najmi karbonske a permské
sedimenty, melafyry, dolomity a vapence choCského prikrovu. Najma
permské sekvencie hornin su charakteristické zvySenym vyskytom radio-
aktivnych prvkov.

6. Muranska planina, uzky pas medzi kralovoholskou a kohutskou zénou.
Predstavuje tektonicku trosku budovanu karbonatmi mezozoika, spo-
¢ivajucu na obale tvorenom permskymi arkozami, mezozoickymi kremi-
tymi pieskovcami a karbonatmi.

Zo zapadu je veporské pasmo ohranicené stredoslovenskymi neovulkanit-

mi, na severozapade Dumbierskymi Tatrami, na severe vnutrokarpatskym

paleogénom Liptovskej, Popradskej a Hornadskej kotliny, na vychode Spis-

sko-gemerskym rudohorim a na juhu Juhoslovenskou panvou.

1. Lubietova, composed mainly of crystalline complex rocks, namely paragneisses,

migmatites, amphibolites and granitoides. The next structure unit is the Late Pa-
leozoic cover, formed mainly by a terrigene Permian formation and paleo-
rhyolites as well as by Mesozoic cover, mainly by shales and conglomerates.

. Kraklov zone where paragneisses prevail over granitoides. Phyllonites,

phyllites with paleorhyolite intercalations and smaller granite bodies are
also present. The cover composed of Permian arcoses and shales and
the Mesozoic of the Velky Bok group.

. Kralova Hola zone consists of granitoides, crystalline schists, mainly para-

gneisses, sporadic migmatites and amphibolites. Granitoids are represented by
Veporic-type granodiorite to granite and Sihla-type granodiorite to quartz dio-
rite. The cover is formed by Permian sediments and by the StruZenik series.

PRIRODNA RADIOAKTIVITA HORNIN VYBRANYCH LITOTYPOV TAB. 28 NATURAL RADIOACTIVITY OF SELECTED LITHOTYPES
VEPORSKEHO PASMA OF THE VEPORIC BELT
No.|  Name of ook o pom | pom W e | U | Uk Tk
Kraklovska zona / Kraklova zone
27 | Vapence / Limestones 1,39 2,7 7,0 10,0 51,1 2,9 2,3 5,7
28 | Vapence a dolomity / Limestones and dolomites 1,72 4,0 9,0 13,2 67,4 2,6 3,0 5,7
29 | Dolomity / Dolomites 1,48 3,7 8,4 12,0 61,5 2,4 3,3 6,4
32 | ilovité vapence, slienovce / Clayey limestones, marlstones 1,97 2,7 9,1 12,6 63,6 35 1,4 4.8
37 | Kremence,pieskovce, ilovité bridlice / Quartzites, sandstones, shales 2,00 3,4 9,9 13,8 70,1 3,0 2,1 53
38 | Pieskovce, vapnité bridlice / Sandstones, calcareous shales 1,57 2,9 7,4 10,9 55,4 2,9 2,4 5,3
39 | Bridlice, pieskovce, zlepence / Shales, sandstones, conglomerates 1,65 3,0 8,8 11,9 60,6 3,3 1,9 55
40 | Intermediarne a mafické vulkanity / Intermediate and mafic volcanics 1,64 2,6 8,1 11,2 56,4 3,1 1,6 5,4
46 | Metapsamity, fylity, svory / Metapsammites, phyllites, mica schists 2,19 2,7 9,5 13,5 67,4 4,0 1,2 4.4
47 | Ruly az migmatity / Gneisses to migmatites 2,00 3,1 9,9 13,6 68,5 3,5 1,6 51
51 | Tonality / Tonalites 2,13 2,8 9,7 13,5 67,9 3,7 1,3 4,5
Kralovoholska zona / Kralova hola zone
28 | Vapence a dolomity / Limestones and dolomites 1,34 3,2 6,1 9,9 50,7 3,5 3,4 5,3
32 | ilovité vapence, sliefovce / Clayey limestones, marlstones 1,31 2,8 7,3 10,1 51,4 4,1 2,6 6,1
39 | Bridlice, pieskovce, zlepence / Shales, sandstones, conglomerates 1,49 3,5 8,1 11,7 59,5 3,1 2,5 5,8
40 | Intermediarne a mafické vulkanity / Intermediate and mafic volcanics 1,31 2,8 7,7 10,2 52,0 34 2,8 5,8
47 | Ruly az migmatity / Gneisses to migmatites 2,04 3,1 9,7 13,6 68,6 3,8 1,6 4.9
51 | Tonality / Tonalites 1,77 2,7 10,2 12,6 63,7 4,0 15 5,8
52 | Granodiority az granity / Granodiorites to granites 2,02 3,2 9,9 13,6 69,1 3,3 1,6 5,0
Kohutska zéna / Kohut zone
39 | Bridlice, pieskovce, zlepence / Shales, sandstones, conglomerates 1,77 3,3 10,0 13,2 67,0 3,1 2,1 6,2
46 | Metapsamity, fylity, svory / Metapsammites, phyllites, mica schists 1,74 3,3 9,5 12,8 65,0 3,0 2,0 5,7
51 | Tonality / Tonalites 1,95 31 11,7 14,3 72,4 3,9 1,7 6,2
52 | Granodiority az granity / Granodiorites to granites 2,40 3,4 12,1 16,0 80,6 3,8 1.4 53
53 | Leukokratne granity / Leucocratic granites 1,72 3,2 9,3 12,5 63,5 3,0 1,9 55
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PRIRODNA RADIOAKTIVITA GRANITOIDOV VEPORSKEHO PASMA TAB. 29 NATURAL RADIOACTIVITY OF GRANITOIDS IN THE VEPORIC BELT
(MATOLiN, 1976) (MATOLiN, 1976)
:/( eU eTh elU, Th/K
o ppm ppm ppm

Typ Sihla / Sihla type 1,8 1,7 10,2 7,2 6,6

Veporsky typ / Vepor type 3,0 2,0 12,9 9,8 7,1

Typ Hron¢ok / Hroncok type 3,3 2,7 14,0 11,3 5,4

Pasmo Kohuta / Kohut zone 2,9 3,2 15,4 11,8 50

Z hladiska prirodnej radioaktivity ma veporské pasmo (tab. 28)len malo
vysSie hodnoty prirodnej radioaktivity ako je celoslovensky priemer.
V jednotlivych komponentoch sa vyskytuju mierne zvySené hodnoty
draslika (1,8%), uranu (3,4 ppm eU) a o Cosi nizSie hodnoty toria
(9,2 ppm eTh). Davkovy prikon Da je 64,8nGy.h™, davkovy prikon koz-
mického Ziarenia sa pohybuje v rozmedzi 40—70nGy.h*! s priemerom
49,2 nGy.h!. Z hladiska vyskytu uranového zrudnenia maju najvicsi
vyznam permské horniny Kozich chrbtov. Uranové zrudnenie sa vysky-
tuje v suvrstvi Sedych az zelenoSedych arkézovych pieskovcov so zuhol-
natenou flérou.

Asi 73%uizemia veporského pasma je zaradenych do kategoérie stredného
radonového rizika. Jednotlivé jednotky su tu zastupené takto: kralovohol-
ska (90%v strednom riziku), kohttska (75%v strednom a vysokom rizi-
ku) a kraklovska (70%v strednom radonovom riziku). Aj vac§ina izemia
Tubietovskej zoény spada do kategorie stredného radénového rizika, hoci ide
o podstatne mensiu rozlohu. Najmene;j rizikovou oblastou veporského pasma
je Muranska planina, ktora tvoria prevazne karbonaty s nizkymi koncentra-
ciami radioaktivnych prvkov. V oblasti hronského synklinoria sa okrem
57 %uzemia zaradeného do kategorie stredného radonového rizika vysky-
tuje aj uzemie s vysokym rizikom.

ZvysSené koncentracie uranu sa vyskytuju najma vo vodach permskych
sedimentov Kozich chrbtov (priemerna hodnota uranu 0,004 mg.1™).
V permskych sedimentoch sa takéto zvySenia viazu na vyskyty uranovych
mineralov v pieskovcoch. V prameni juzne od obce Vychodna v doline
Chmelienec, kde sa vykonaval uranovy prieskum, sa zistila koncentracia
uranu 0,027mg.1", podobne v pramenioch v oblasti Vikartoviec, Kravian
a Primoviec. V tychto vodach su aj zvySené hodnoty objemovej aktivity
radonu.

Priemerné hodnoty objemovej aktivity radonu vo vodach krystalinika Ve-
porskych a Stolickych vrchov patria medzi najvysSie na uzemi Slovenska
(x = 57,47 resp. 56,82Bq.I"", GM = 29,94 resp. 30,11Bq.I""). Az 40 %vod
ma vyssie hodnoty ako 50 Bq.I"%. Su to vody plytkého obehu kory zvetra-
vania hornin krystalinika kralovoholskej a kohutskej zony, najma biotitic-
kych granodioritov az kremitych dioritov a svetlych granitov. Ich najvacsi
vyskyt je v oblasti medzi Detvianskou Hutou, Sihlou a Klenovcom a seve-
rovychodne od Revucej v oblasti Kohuta a Stolice. V tychto vodach su
¢asto aj zvySené koncentracie uranu (nad 0,004mg.I") a ojedinele aj radia
(nad 0,1 Bq.I").

8.5. Gemerské pasmo

Do gemerského pasma patria Volovské vrchy, Slovensky raj, Galmus,
Slovensky kras a cast Revuckej vrchoviny (obr. 22).

Volovské vrchy tvoria predovsetkym dve vulkanogénno-sedimentarne sku-
piny — gelnicka a rakovecka. Gelnicka skupina predstavuje podstatnu cast
Volovskych vrchov a su v nej zastupené najma bridlice s vlozkami lyditov,
dalej porfyroidy, fylity, kremence a pieskovce. Rakovecka skupina leZi na
severe a severovychode pohoria a vyskytuju sa v nej najma fylity, diabazy,
tufy a tufity, vapence a kremence. Do staropaleozoickych komplexov in-
trudovali gemerické granity. Z hladiska vyskytu urdnového zrudnenia,
a tym aj vySSich hodnoét prirodnej radioaktivity ma vyznam severogemeric-
ky perm s polohami sadrovca a anhydritu, ktory sa tiahne v preruSovanom
pasme od Stratenej aZ po Myslavu.

V Slovenskom raji su zastipené najmai triasové tmavosSedé gutensteinské
a svetlé wetersteinské vapence a dolomity, ale aj zlepence, pieskovce, brid-
lice a slienité vapence s polohami sadrovca a anhydritu.

Slovensky kras utvaraju krasové planiny. StarSie utvary (paleozoikum)
tu vystupuju v podobe menSich ostrovov zloZenych z fylitov, lyditov,
vapencov, kremencov a permskych hornin (zlepencov, pieskovcov
a bridlic).

. Kohut zone. It is the southernmost part of the Veporicum, confined by
Muran fault in the NW and by Lubenik-Margecany line in the SE. It con-
sist of paragneisses, migmatites, mica-shists, sporadic amphibolite and
carbonate layers, minor phyllites, Carboniferous conglomerates, sand-
stones and phyllites, Permian arcoses, conglomerates and quartzites.

. Kozie chrbty Mts. Carboniferous and Permian sediments, melaphyres,
dolomites and limestones of the Cho¢ nappe are their main structural
constituent. From the point of view of natural radioactivity, the Permian
sequences are the most important with typically increased occurrence of
radioactive elements.

. Muranska planina Plateau, forming a narrow belt between the Kralova
Hola and Kohut zones. It represents a tectonic outlier of Mesozoic car-
bonates overlying the cover composed of Permian arcoses, Mesozoic
quartz sandstones and carbonates.

In the west, the Veporic belt is surrounded by the Central Slovakia neovol-
canics, in the NW by Dumbierske Tatry Mts., in the north by Inner Car-
pathian Paleogene of Liptov, Poprad and Hornad basins, in the east by Spis-
sko-Gemerské rudohorie Mts. and in the south by South Slovakia basin.
From the point of view of natural radioactivity, the Veporic belt (Tab. 28)
has only a slightly higher values of natural radioactivity than the Slovak ave-
rage. Concerning various elements it has a slightly increased values of
potassium (1.8%), uranium (3.4 ppm eU) and slightly lower values of
thorium (9.2 ppm eTh). The dose rate Da is 64,8nGy.hr. The dose rate
of cosmic radiation ranges from 40 to 70 nGy.hr! with the average
49.2nGy.hr. As regards the occurrence of uranium ore mineralisation the
most significant are Permian rocks of the Kozie Chrbty Mts. Uranium ore
mineralisation is present in theformation of grey and greenish-grey arcosic
sandstones with carbonized flora.
About 73% of the Vepor zone falls into the medium radon risk category. The
percentages of risk categories in respective Veporic units are as follows: Kralova
hola (90%in medium risk category), Kohut (75%in medium and high cate-
gories) and Kraklov (75 %in medium radon risk category). The medium radon
risk category dominates also the Lubietova zone, but covers a much smaller
percentage of area here. The lowest-risk area in the Vepor zone is the Muran
Plateau underlain largely by carbonates with low concentrations of radioactive
elements. In the Hron synclinorium, 57 %of the area is assigned into the me-
dium radon risk category and some area even into the high risk one.
Increased uranium concentrations occur chiefly in waters of Permian sedi-
ments in the Kozie chrbty Ridge (U contents average 0.004mg.1"). Such ura-
nium highs in Permian sediments are associated with the occurrences of ura-
nium minerals in sandstones. Uranium exploration revealed 0.027 mg* U in
a spring in Chmielenec Valley south of the village Vychodna and similar
U contents in springs in the Vikartovce, Kravany and Primovce areas. These
waters also display increased radon volume activities. Average values of radon
volume activity in waters of the Veporské vrchy and Stolické vrchy crystalline
units rank among the highest in Slovakia (x = 57.47 and 56.82 Bq.I*,
GM = 29.94and 30.11Bq.I"?, respectively). As much as 40 %of waters display
more than 50Bq.I%. These are waters of shallow circulation in the weathering
crust of the Kralova hola and Kohut crystalline units dominated by biotite gra-
nodiorites to quartz diorites and light-coloured granites. Their major occur-
rences lie in an area between Detvianska Huta, Sihla and Klenovec, and north-
east of Reviica near Kohut and Stolica. These waters are often enriched in ura-
nium (over 0.004mg.1") and rarely also in radium (over 0.1 Bq.I*).

8.5. Gemeric zone

The Gemeric zone includes the Volovské vrchy, Slovak Paradise, Galmus,
Slovak Karst and partly also Reviicka vrchovina (Fig. 22).

The Volovské vrchy are underlain largely by two volcanogenic-sedimentary
groups, namely the Gelnica and Rakovec Groups. Composed mainly of shales
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Obr. 22 Fig. 22
Gemerské pasmo Gemeric Zone
Spissko-gemerské rudohorie Spis-gemer Ore Mountains
64 - SGR - centralna cast’ 64 - SGOM - central part
65 - mezozoikum Murovanej 65 - Mesozoic of the
skaly Murovana skala
66 - Crmelské paleozoikum 66 - Crmel Paleozoic
67 - Slovensky raj 67 - Slovak Paradise
68 - Galmus 68 - Galmus
69 - Slovensky kras 69 - Slovak Karst
70 - niZznoslanska depresia 70 - Nizna Slana depression
RADIOAKTIVITA JEDNOTLIVYCH LITOTYPOV TAB. 30 RADIOACTIVITY OF INDIVIDUAL LITHOTYPES
GEMERSKEHO PASMA OF THE GEMERIC ZONE
C. Nazov horniny K el eTh eU, Da
No. Name of rock % ppm ppm ur nGy.h? Th/U u/K Th/K
Volovskeé vrchy
28 | Vapence / Limestones 1,56 2,9 8,0 11,2 56,8 2,7 2,0 51
39 | Bridlice, pieskovce, zlepence / Shales, sandstones, conglomerates 1,53 2,6 7,3 10,5 52,9 2,8 1,7 4.8
41 | Zlepence, pieskovce, bridlice / Conglomerates, sandstones, shales 1,63 2,9 8,4 11,6 58,7 2,8 1,9 5,2
42 | Metapieskovce a fylity / Metasandstones and phyllites 1,67 2,9 9,0 12,0 60,8 3,1 1,9 55
43 | Mafické vulkanity / Mafic volcanics 1,63 2,8 8,6 11,5 58,3 3,1 1,8 5,4
44 | Kyslé vulkanity, karbonaty, lydity / Acid volcanics, carbonates, lydites 1,95 3,4 10,4 13,9 70,6 3,1 1,8 5,4
45 | Kyslé vulkanity / Acid volcanics 1,94 3,2 10,1 13,5 68,6 3,2 1,7 5,3
54 | Granity gemerika / Gemeric granites 1,99 3,6 9,2 13,7 69,8 2,6 1,9 4.8
Slovensky raj, Galmus / Slovak Paradise, Galmus
2 | lly, piesky, trky / Clays, sands, gravels 1,41 3,5 11,1 12,9 66,1 3,2 2,6 8,0
17 | Vapnité ilovce, pieskovce / Calcareous claystones, sandstones 1,24 2,9 8,4 10,5 53,5 2,9 2,8 7,8
18 | Pieskovce, zlepence / Sandstones, conglomerates 1,34 2,9 8,4 10,8 55,3 3,0 2,4 6,8
28 | Vapence a dolomity / Limestones and dolomites 1,18 2,7 8,2 10,0 51,2 2,7 2,4 7,3
37 | Kremence, pieskovce / Quartzites, sandstones 1,13 2,7 6,7 9,2 47,0 2,8 2,5 6,3
38 | Pieskovce, vapnité bridlice / Sandstones, calcareous shales 1,79 3,2 9,5 12,8 65,2 3,0 2,0 5,8
39 | Bridlice, pieskovce, zlepence / Shales, sandstones, conglomerates 1,67 2,9 8,7 11,8 59,7 3,4 1,8 54
40 | Intermediarne a mafické vulkanity / Intermediate and mafic volcanics 1,88 3,3 10,1 13,5 68,5 4.9 1,7 55
41 | Zlepence, pieskovce, bridlice, vulkanity 2,07 3,4 10,3 14,2 72,2 3,0 1,8 52
Conglomerates, sandstones, shales, volcanics
42 | Metapieskovce a fylity / Metasandstones and phyllites 1,97 3,3 10,6 14,0 71,1 3,2 1,8 55
RADIOAKTIVITA GEMERICKYCH GRANITOV TAB. 31 RADIOACTIVITY OF GEMERIC GRANITES
K (%) el eTh Th/U U/K Th/K
Hnilecké / Hnile¢ 2,76 7,17 8,98 1,25 2,60 3,25
Poproc¢ské / Popro¢ 3,75 3,60 14,82 4,23 0,96 4,06
Betliarske / Betliar 3,26 3,44 12,82 3,72 1,05 3,93

Prirodna radioaktivita uzemia (tab. 30) gemerského pasma je velmi roz-
manita v zavislosti od horninovej stavby. Ako celok sa prejavuje priemer-
nymi hodnotami K = 1,7%,U = 3,0ppm eU, Th = 9,1 ppm eTh.
Hodnoty, zistené pri starSich meraniach URANPRES-u v jednotlivych dru-
hoch gemerického granitu, su uvedené v tabul'ke 31.

MATOLIN (1976) uvadza pre gemerické granity hodnoty zachytené v ta-
bulke 32.

Pre severogemerické permské horniny platia hodnoty: K = 3,9 %,
eU = 4,0ppm, eTh = 18,4eTh. Pre juhogemerické permské horniny: zle-
pence K =4,95% .U = 3,34ppm, eTh = 24,79ppm; pieskovce K = 4,6 %,
eU = 3,64ppm, eTh = 22,30ppm.
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intercalated with lydites, porphyroids, phyllites, quartzites and sandstones, the
former dominates the Volovské vrchy. The latter lies in the north and northe-
ast of the mountain range and consists largely of phyllites, limestones and
quartzites. The Early Paleozoic complexes were intruded by the Gemeric gra-
nites. Uranium occurrences and associated increased natural radioactivity are
found in the North-Gemeric Permian with gypsum and anhydrite layers which
forms a discontinuous belt stretching between Stratena and Myslava.

The Slovak Paradise is underlain mostly by the Triassic dark-gray Guten-
stein Limestones and light-coloured Wetterstein Limestones and Dolo-
mites. Conglomerates, sandstones, shales, marly limestones with gypsum
and anhydrite layers occur as well.



RADIOAKTIVITA GEMERICKYCH GRANITOV (MATOLIN, 1976) TAB. 32 RADIOACTIVITY OF GEMERIC GRANITES (MATOLIN, 1976)

K eU eTh Th/U
% ppm ppm

Popro¢ 3,7 5,8 12,2 3,3

Hummel 3,9 3,5 12,6 3,7

Smolnik 2,7 14 8,8 6,3

Betliar 3,2 2,0 15,6 7,8

Hnilec, Delava 2,9 5,9 9,9 1,8

Zlata ldka 4,4 9,6 14,5 15

Hnilec 4,0 11,3 14,7 15

Pestra tektonicka stavba gemerského pasma sa prejavuje aj v rozdeleni
uzemia do jednotlivych kategorii radonového rizika. Toto rozdelenie sa ro-
bilo podla vysledkov priamych merani, ale aj na zaklade starSich spektro-
metrickych udajov. S vynimkou oblasti s nizkym radonovym rizikom nad
regionalne rozSirenymi karbonatmi Slovenského krasu, Slovenského raja
a Galmusu sa prevazna Cast tohto pasma prognozne zaraduje do strednej
kategorie radonového rizika. Vysoky stupen sa viaze na SirSie okolie vyskytu
uranovych a uranonosnych mineralov v permskych sedimentoch (Bucina,
Stratena, Novoveska Huta, KoSice), na hnilecké granity, na U-Th-anoma-
lie vo fylitoch pri Hnil¢iku, na niektoré dynamometamorfované porfyroidy
pri Prakovciach a Gelnici a na juZny okraj gelnickej série v useku medzi
Uhornou, Poproéom a Rudnikom. Zhrnutie dosial znamych vysledkov uka-
zalo, Ze oblast Volovskych vrchov patri v celoslovenskom ramci medzi uze-
mia s najvyssim radonovym rizikom. Podrobnejsi prieskum by podiel vyso-
kého rizika nepochybne eSte zvysil.

Priemerné hodnoty koncentracie uranu vo vodach paleozoika Volovskych
vrchov sa vyrazne neodliSuju od priemernych hodnét v podzemnych vodach.
V niektorych oblastiach (pri Svedlari, Nalepkove, Henclovej a Smolniku) ide
o hodnoty 0,004—0,008ng.I*. Tieto rozptylené anomalne koncentracie sa
viaZzu na drobné vyskyty uranovych alebo uranonosnych mineralov.

Uzemie budované paleozoickymi horninami sa vyznacuje velkym roz-
ptylom hodndt objemovej aktivity radonu v podzemnych vodach (5 az
500Bq.1™).

ZvysSené hodnoty su vo vodach plytkého obehu, ktoré su viazané na silur-
ske metaryolitové tufy gelnickej skupiny (vo vodach pri Henclovej, Starej
Vode, Smolnickej pile, Prakovciach) a na gemerické granity (pri Poproci
a Rudniku). Hodnoty su v mnohych pripadoch vyssie ako 200Bq.17, takze
tieto vody je mozné zaradit do kategorie slabo radonovych vod. Maximalna
hodnota bola namerané vo vode z pramefa pri Dobsinej (518,86Bq.17).
Koncentracie jednotlivych radionuklidov vo vzorkach su vel'mi premenlivé.
V severnej Casti Volovskych vrchov lezi lozisko Novoveska Huta, kde sa ta-
Zili uranové rudy. Z viacerych vytokov banskej vody sa vSak len vo vode zo
$tolne €. 2 nachadzaju zvySené koncentracie. Priemerné hodnoty monito-
ringu — U, (0,185mg.I"), ?°Ra (0,185Bq.I") a %?Rn (205,00Bq.I"). Mierne
zvySenia objemovej aktivity radénu vykazuju vody na Pelci pri DobSinej a na
Jahodnej, kde sa zistil vyskyt uranovej mineralizacie.

Podzemné vody v mezozoickych komplexoch Slovenského raja, Sloven-
ského krasu a Galmusu maju zvySené hodnoty objemovej aktivity radia.
Su to prevazne vody viazané na spodnotriasové bridlice s polohami eva-
poritov. Koncentracie uranu su v nich nizke. Lokalne zvySenie objemovej
aktivity radonu sposobuje jeho hypoalogénny pdvod z paleozoického
podlozia.

8.6. Zemplinske vrchy

Na geologickej stavbe Zemplinskych vrchov (obr. 20) sa zucastiuju hor-
niny mladsieho paleozoika tvoreného pieskovcami, bridlicami, zlepencami,
grafitickymi ilovcami s vyskytom antracitovych uholnych slojov (Velka
Ttna), arkozovymi pieskovcami, arkozami a bridlicami, vapencami a dolo-
mitmi.

Zemplinske vrchy predstavuju necelé 0,2 % plochy Slovenska.

Priemerné hodnoty draslika a uranu su tu blizke celoslovenskému priemeru.
Hodnoty téria su o Cosi vyssie (10,7 ppm eTh). Z toho vyplyvaju aj vyssie
hodnoty celkovej radioaktivity a davkového prikonu (f)a = 65,9nGy.h?).
Z plosného hodnotenia davkového prikonu kozmického ziarenia vzhladom
k nadmorskej vyske su hodnoty niZsie s priemerom 39,9 nGy.h. URAN-
PRES uvadza pre hyperstenické andezity (neogén) tieto hodnoty:

The Slovak Karst forms karst plateaus. Early units (Paleozoic) are exposed
in small inliers composed of phyllites, lydites and limestones, quartzites
and Permian rocks (conglomerates, sandstones and shales).

Highly variable natural radioactivity in the territory of the Gemeric zone is
controlled by the underlying rocks. It is reflected by the following average
values: K = 1.7%,U = 3.0ppm eU, Th = 9.1 ppm eTh.

Earlier URANPRES investigations yielded radioactivity characteristics of
different kinds of the Gemeric granite given in Tab. 31.

MATOLIN (1976)gives the vallues for the Gemeric granites in Tab. 32.

The values for the North-Gemeric Permian rocks are as follows: K = 3.9%,
eU = 4.0ppm, eTh = 18.4eTh. Following values are for the South-Geme-
ric shown Permian rocks: conglomerates: K = 4.95%, eU = 3.34 ppm,
eTh = 24.79ppm; sandstones: K = 4.6 %,eU = 3.64ppm, eTh = 22.30ppm.
Variegated tectonic structure of the Gemeric zone is reflected also in the divi-
sion of its territory into individual radon-risk categories. This division is based
on direct measurements as well as on earlier spectrometric measurements.
Except for the low-risk area underlain by regionally-widespread carbonates of
the Slovak Karst, Slovak Paradise and Galmus, the Gemeric zone is domina-
ted by the medium radon risk category. The high-risk one occupies wider vici-
nity of the occurrences of uranium and uranium-bearing minerals in Permian
sediments (Bucina, Stratena, Novoveska Huta, Kosice), Hnilec granite, U-Th
anomalies in phyllites near Hnil¢ik, some dynamometamorphosed porphyroids
near Prakovce and Gelnica, and on the Gelnica Group southern edge between
Uhorna, Poproé and Rudnik. A summary of data available so far reveals that the
Volovské vrchy rank among the highest radon risk areas in Slovakia, and a de-
tailed survey would increase the extent of high-risk areas here still further.
Average uranium concentrations in waters of the Volovské vrchy Paleozoic
are not considerably different from those in groundwaters. In some areas
(near Svedlar, Nalepkovo, Henclova and Smolnik), the values range from
0.004to 0.008mg.1". These scattered anomalies are bound to minor oc-
currences of uranium or uranium-bearing minerals.

The area underlain by Paleozoic rocks is characterized by highly variable
radon volume activity values in groundwaters (from 5 to 500 Bq.I?).
Increased values occur in shallow-circulation waters bound to Silurian
metarhyolite tuffs of the Gelnica Group (in waters near Henclova, Stara Vo-
da, Smolnicka pila, Prakovce) and to the Gemeric granites (near Poproc¢
and Rudnik). These values often exceed 200Bq.I™" and therefore the waters
fall into the category of mild radon waters. The maximum value has been
measured in water from a spring near Dobsina (518.86Bq.I™).

The concentrations of individual radionuclides in samples are very variab-
le. The abandoned uranium deposit Novoveska Huta lies in the northern
sector of the Volovské vrchy. Out of several mine-water discharges, only
that from adit No. 2 displays increased concentrations. Its average monito-
red values are: U, 0.185mg.I*, ?*Ra 0.185Bq.I" and %’Rn 205.00Bq.I™.
Slightly increased radon volume activities have been noted in waters in the
vicinity of uranium occurrences at Pelc near DobsSina and at Jahodna.
Groundwaters in Mesozoic complexes of the Slovak Paradise, Slovak Karst
and Galmus display increased values of radium volume activity. These waters
are largely bound to Lower Triassic shales interlayered with evaporites. Ura-
nium concentrations are low. Radon volume activity is locally increased by
emanations of hypallogenic radon from the Paleozoic substratum.

8.6. Zemplinske vrchy Mts.
The Zemplinske vrchy (Fig. 20)are underlain by Late Paleozoic sandstones,

shales, conglomerates, graphitic claystones with anthracite beds (Velka
Ttna), arkosic sandstones, arkoses and shales, limestones and dolomites.
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K=1,98%,U = 2,82ppm eU, Th = 13,28ppm eTh a pomery Th/U = 4,71,
U/K=1,42,Th/K=6,71.

Celkové radonové riziko je pomerne vysoké, v jednotlivych kategoériach je
uzemie Zemplinskych vrchov zastupené takto: nizke riziko 8,7 %, stredné
88,5 %a vysoké 2,8%. Vysoké a stredné riziko zaprifinuje zvySena radio-
aktivita hornin, ale aj ich dobra plynopriepustnost.

8.7. Vnutrohorské panvy a kotliny

Velké mnozstvo kotlin Zapadnych Karpat (obr. 23), formovanych od
spodného miocénu az do pliocénu, sa deli na vnutrohorské panvy
a vnutorné kotliny. Medzi hlavné horniny zucastinujliice sa na stavbe
panvi patri Siroka Skala sedimentarnych hornin — piesky, pieskovce,
§trky, zlepence, vapnité ily, ilovce a sliene. Casté su i kyslé tufy, tufi-
ty, uhol'né ily, uholI'né sloje, solonosné vrstvy, polohy andezitov a ryo-
litov. Najstar§imi horninami vnutornych kotlin su karbonatické pies-
kovce az zlepence a vapnité ily. Dalej sa tu vyskytuju trky aZ zlepence,
sladkovodné vapence, andezitové a ryolitové tufy a tufity. Miestami
sa v produktoch zaverecnej sedimentacie nachadzaju aj tenké vlozky
uhlia.

Vnutrohorské panvy a kotliny zaberaju pomerne vel'ku Cast plochy Slo-
venska — 38,3 %.

Obidve tieto skupiny ako celky maju rovnaky obsah draslika (tab. 33) ako
je celoslovensky priemer (K = 1,6%)a o Cosi vyssi obsah eU (3,5 ppm)
a eTh (10,2ppm).

Priemerna hodnota dévkového prikonu hornin je 65,8 nGy.h™ a f)acosmic,
kedZe ide o nevelké nadmorské vysky, iba 39,9nGy.h™.

Jednotlivé panvy a kotliny sa radioaktivitou od seba liSia len veI'mi malo,
a to vo vSetkych jej zloZkach. Podla davkového prikonu maju najvyssiu pri-
rodnu radioaktivitu horniny Banovskej kotliny (I.)a = 73,1nGy.h™) a Hor-
nonitrianska kotlina (72,3nGy.h™). NajniZsiu radioaktivitu ma Viedenska
panva (50,3nGy.hY).

Pre litotypy v panvach su hodnoty uvedené v tabul'ke 33.

The Zemplinske vrchy occupy less than 0.2 %of the Slovak territory.
Average potassium and uranium values are similar to the Slovak average.
But thorium ones are somewhat higher, Th = 10.7 ppm eTh resulting in
higher values of total radioactivity and dose rate Da= 65.9nGy.h. Areal
assessment of altitude-adjusted cosmic radiation dose rate yields lower va-
lues averaging 39.9nGy.h*. URANPRES investigations revealed the follo-
wing values in Neogene hypersthene andesites: K =1.98%,U = 2.82ppm eU,
Th = 13.28ppm eTh, and ratios Th/U = 4.71,U/K = 1.42and Th/K = 6.71.
Areal assessment reveals that radon risk is generally high here as the low-
risk category covers 8.7 %, medium 88.5%and high-risk 2.8 % of the terri-
tory. The high and medium risks are caused by increased rock radioactivity
and good gas-permeability of rocks.

8.7. Intramontane Basins

These incluse a number of basins in the West Carpathians (Fig. 23) dating
from the Lower Miocene to Pliocene. They can be divided into intramon-
tane basins and inner valleys. The basins are underlain by a wide spectrum
of sedimentary rocks, such as sands, sandstones, gravels, calcareous clays,
claystones and marls. Acid tuffs, tuffites, carbonaceous clays, coal beds,
salt-bearing beds as well as andesite and rhyolite layers are widespread, too.
The oldest rocks underlying the inner valleys comprise carbonatic sandsto-
nes to conglomerates and calcareous clays. Above them are gravels to con-
glomerates, freshwater limestones, andesite and rhyolite tuffs and tuffites.
The deposition was sometimes concluded by thin coal beds.

The intramontane basins and valleys account for a considerable percentage
of Slovakia’s territory — 38.3 %.

Average potassium content in the intramontane basins (Tab. 33)equals the
Slovak average K = 1.6 %,but their eU (3.5ppm) and eTh (10.2ppm) con-
tents are somewhat higher.

Average dose rate of rocks is 65.8nGy.hr* and I.)aCOSmiC due to low altitu-
des amounts only to 39.9nGy.hr . Individual basins display little differen-
ces in radioactivity and all its components. The highest dose rates have

Obr. 23
Vnudtrohorské panvy a kotliny

Viedenska panva

96 - senicka cast’
97 - vadovsky neogén
98 - zahorsko-dolnomoravska
cast’
podunajska panva
100 - Sturovsky paleogén
trnavsko-dubnicka panva
102 - blatnianska priehlbina
103 - risriovska priehlbina
104 - komijaticka priehlbina
105 - Zeliezovska priehlbina
107 - banovska kotlina
109 - gabcikovska panva 125 127

vychodoslovenska panva
111 - trebiSovska panva
112 - preSovska kotlina
113 - cCelovska depresia
115 - moldavska kotlina
juhoslovenska panva

117 -  Ipelska kotlina

118 - Lucenska kotlina

119 - Rimavska kotlina

122 - Cerovska vrchovina
vnutorné kotliny

124 - Trencianska kotlina

125 - llavska kotlina

126 - Oravska kotlina

127 - Turcianska kotlina

129 -  Hornonitrianska kotlina
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Intramontane basins

Vienna Basin

96 - Senica tract
97 - Vadovce neogene
98 - Zahorskie-Lower

Moravia tract
Danube Basin

100 -  Stdrovo Paleogene
Trnava-Dubnica Basin

102 - Blatné depression
103 - Risriovce depression
104 - Komijatice depression
105 - Zeliezovce depression
107 - Banovce Basin

3 109 - Gabcikovo Basin

Eastern Slovakia Basin
111 - Trebisov Basin
112 - PreSov basin
113 - Celovce depression
115 - Moldava Basin
Southern Slovakia Basin
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117 - Ipel Basin

118 - Lucenec Basin

119 - Rimava Basin

122 -  Cerovska vrchovina Upland
inner basins

124 - Trencin Basin

125 -  llava Basin

126 - Orava Basin

127 - Turiec Basin

129 -  Uppre Nitra Basin

132 -  Ziar Basin

133 - volcanics of Ziar Basin

134 - Zvolen-Slatina Basin

135 - Rozriava Basin
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PRIRODNA RADIOAKTIVITA LITOTYPOV TERCIERNYCH PANVi TAB. 33 NATURAL RADIOACTIVITY OF LITHOTYPES IN TERTIARY BASINS
o T T
Viedenska panva / Vienna Basin
5 | ilovce, pieskovce / Claystones, sandstones 1,47 2,4 6,4 9,6 48,7 2,6 1,6 4,3
7 | Vapnité ilovce / Calcareous claystones 1,43 2,8 8,1 10,7 54,7 2,8 2,0 5,5
Podunajska panva / Danube Basin
5 | Vapnité ilovce, pieskovce, strky / Claystones, sandstones 1,54 3,4 9,7 12,4 63,5 2,9 2,2 6,3
6 | ilovité pieskovce, tufitické sedimenty 1,57 35 11,1 13,3 68,1 3,2 2,2 7,1
Calcareous sandstones, tuffaceous sediments
7 | Vapnité ilovce a pieskovce, vapence / Calcareous claystones 1,64 35 11,0 13,4 68,5 3,2 2,1 6,7
10 | Andezity / Andesites 1,52 3,5 11,2 13,2 67,1 3,2 2,3 7.4
15 | ilovce, slienovce, zlepence, vapence 1,38 3,2 8,5 11,2 57,4 2,8 2,3 6,2
Claystones, marlstones, conglomerates, limestones
17 | Vapnité ilovce, pieskovce / Calcareous claystones, sandstones 1,56 3,4 10,2 12,8 64,9 2,9 2,5 6,9
37 | Kremence, pieskovce, ilovité bridlice / Quartzites, sandstones, shales 1,71 35 11,2 13,8 70,0 3,2 2,0 6,6
Vychodoslovenska panva / Eastern Slovakia Basin
2 | lly, piesky, strky / Clays, sands, gravels 1,51 35 10,2 12,7 64,8 3,0 2,3 6,8
3 | ily, piesky, tufogénne sedimenty / Clays, sands, tuffaceous sediments 1,63 3,3 10,5 13,0 66,1 3,4 2,0 6,5
5 | Vapnité ilovce, pieskovce, strky s polohami lignitu 1,60 3,4 10,5 13,0 66,4 3,1 2,1 6,6
Calcareous claystones, sandstones, gravels interlayered with lignite
6 | llovité pieskovce, tufitické sedimenty 1,70 3,5 10,8 13,6 69,1 3,2 2,1 6,4
Calcareous sandstones, tuffaceous sediments
7 | Vapnité ilovce a pieskovce, strky 1,69 3,6 10,7 13,6 69,3 3,1 2,1 6,4
Calcareous claystones and sandstones, gravels
10 | Andezity / Andesites 1,59 9,4 10,3 12,9 65,6 3,1 2,1 6,6
11 | Andezity az dacity / Andesites to dacites 1,54 3,4 10,7 13,0 66,3 3,2 2,2 7,0
28 | Vapence a dolomity / Limestones and dolomites 1,29 3,6 8,2 11,1 57,5 2,8 2,8 6,3
Juhoslovenska panva / Southern Slovakia Basin
2 | lly, piesky, strky / Clays, sands, gravels 1,38 3,9 12,1 13,7 70,6 3,1 3,0 9,1
3 | ily, piesky, tufogénne sedimenty / Clays, sands, tuffaceous sediments 1,48 3,4 11,2 13,0 66,4 3,5 2,3 7,7
4 | Vapnité ilovce a siltovce / Calcareous claystones and siltstones 1,47 35 10,7 12,8 65,5 3,1 2,4 7,6
5 | Vapnité ilovce, pieskovce, strky s polohami lignitu 1,45 3,1 8,6 11,3 57,8 2,9 2,1 6,0
Calcareous claystones, sandstones, gravels interlayered with lignite
7 | Vapnité ilovce, pieskovce, strky 1,48 3,2 10,0 12,2 62,6 3,1 2,2 6,8
Calcareous claystones, sandstones, gravels
Turcianska kotlina / Turiec Basin
2 | ily, piesky, strky / Clays, sands, gravels 1,55 3,9 11,0 13,6 69,9 2,9 2,5 7,1
5 | Vapnité ilovce, pieskovce, strky s polohami lignitu 1,41 3,5 9,1 11,9 60,9 2,8 2,6 6,6
Calcareous claystones, sandstones, gravels interlayered with lignite
6 | Vapnité ilovce, tufitické sedimenty 1,31 3,4 9,9 11,8 60,7 2,9 2,8 7,9
Calcareous claystones, tuffaceous sediments
Hornonitrianska kotlina / Upper Nitra Basin
3 | ily, piesky, tufogénne sedimenty / Clays, sands, tuffaceous sediments 1,64 4,1 11,3 14,2 72,5 2,8 2,5 6,9
17 | Vapnité ilovce, pieskovce / Calcareous claystones, sandstones 1,58 4,3 11,2 14,1 72,6 2,6 2,7 7,2
18 | Pieskovce, zlepence, brekcie / Sandstones, conglomerates, breccias 1,71 3,7 10,3 13,5 68,5 2,8 2,2 6,0
47 | Ruly az migmatity / Gneisses to migmatites 1,70 4,0 10,8 14,0 71,6 2,8 2,3 6,5
Ziarska kotlina / Ziar Basin
3 | ily, piesky, tufogénne sedimenty / Clays, sands, tuffaceous sediments 1,55 4,1 11,7 14,2 72,5 2,9 2,7 7,6
10 | Andezity / Andesites 1,53 3,9 10,0 13,1 67,0 2,6 2,6 6,6
11 | Andezity az dacity / Andesites to dacites 1,32 3,1 8,5 11,0 56,5 2,7 2,4 6,5
14 | Ryodacity az ryolity / Rhyodacites to rhyolites 1,87 4,8 13,8 16,8 86,0 3,2 2,5 7,2
Neogénne sedimenty vykazuju v priemere vySSie radonové riziko ako sedi- been noted in rocks of the Banovce Basin (].)a = 73.1nGy.hr") and Upper
menty paleogénu. Nizke radénové riziko sa viaZe na vacSiu Cast sedi- Nitra Basin (72.3nGy.hr?), whereas the Vienna Basin displays the lowest
mentov vrchného pliocénu, rozsirenych v rozsiahlej oblasti Podunajske;j values (50.3nGy.hr). Lithotypes in basins are given in Tab. 33.
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a sCasti Juhoslovenskej panvy. Naproti tomu pliocénne sedimenty vnu-
tornych kotlin centralnych Karpat vykazuju v prevahe stredny stupen ra-
dénového rizika. Tyka sa to najmad TurCianskej, Hornonitrianskej
a Ziarskej kotliny, ale na piatich referenénych plochach sa zistilo vysoké
riziko, najma vplyvom tufitickej primesi v sedimentoch. Tufiticko-ligni-
ticka séria a koSicka Strkova formacia predstavuju komplex hornin neogé-
nu, ktoré maju vyraznejSie radonové riziko. Az 73 % referencnych ploch
je tu zaradenych do kategorie stredného a 4% do kategorie vysokého
radonového rizika. Sedimenty spodného miocénu, najma slienité ily, pies-
Cité sliene, lokalne piesky a Strky v oblasti Viedenskej panvy, Juhoslo-
venskej a sCasti i Vychodoslovenskej panvy, sa hodnotia ako komplexy na
rozhrani nizkeho a stredného rizika.

Prirodna radioaktivita podzemnych vod Podunajskej roviny a Podunajskej
pahorkatiny je takmer zhodna, s vynimkou objemovej aktivity radonu.
Priemerné hodnoty koncentracie uranu 0,004 — 0,005ng.1* patria medzi
najvyssie na Slovensku. Viazu sa najcastejSie na vody s celkovou
mineralizaciou 750—1000mg.1" (RaPANT, 1995).Zodpoveda to aj uda-
jom Lisicina (1975),Ze vody s takouto mineralizaciou v aridnejsich oblas-
tiach najintenzivnejSie vyluhuju uran z hornin. Objemova aktivita radia
ma vyssie hodnoty len v zapadnej Casti (od Dunajskej Stredy po
Bratislavu), kde (podobne ako v Zahorskej niZine) sa vo vacSej miere
vyskytuju vody s celkovou mineralizaciou od 500 —750mg.I. Vo vodach
s vySSou mineralizdciou dosahuje objemova aktivita radia najCastejSie
hodnoty pod 0,04 Bq.I'. Objemova aktivita radénu ma nizke hodnoty,
v priemere od 6,55 (4,20Bq.I") v Podunajskej rovine aZz po 11,73
(7,86 Bq.I'") v Podunajskej pahorkatine. Vyssie hodnoty v Podunajske;
pahorkatine (max. 80,68Bq.I"%) sposobila pravdepodobne mensia hrubka
terciérnych sedimentov.

Uzemie sa vyznacuje zvysenymi koncentraciami uranu, najma v Gastiach
budovanych neogénnymi sedimentmi (priemerné hodnoty 0,004 az
0,005mg.I™%). V oblastiach s vyskytom vulkanoklastik dosahuje koncentra-
cia uranu 0,002 —0,003ng.1. Vo vodach vulkanickych komplexov Cerovej
vrchoviny sa zistili aj mierne zvySené hodnoty objemovej aktivity radénu
(x = 27,68Bq.I't, GM = 21,80Bq.1™).

Koncentracia urdnu a objemova aktivita radia v KoSickej kotline nepre-
vySuju priemer hodnét zistenych v podzemnych vodach Slovenska.
Nepatrne vysSie boli len hodnoty zistené zo studni kvartérnych vod oko-
lia Hornadu. Tieto zvySenia napriklad v Haniske a Seni spdsobil pravde-
podobne vyskyt paleozoickych hornin gemerika, ktoré tvoria material
slabo spevnenych sedimentov kvartéru. Na tomto uzemi sa zistili aj mierne
zvysené hodnoty objemovej aktivity radénu (do 50 Bq.I), ktoré sa viazu
na tektonické linie severo-juzného, resp. severovychodne-juhozapadného
smeru.

Vo vodach neogénnych sedimentov Vychodoslovenskej roviny sa nezistili
zvysené koncentracie uranu (priemerna hodnota U, je 0,003mgl.™) opro-
ti vodam Podunajskej roviny. Ich celkova mineralizacia je vyssia ako 1 g.I*
a pri takychto hodnotach sa uz uran z hornin tazsie vylihuje (LISICIN,
1975). Hodnoty objemovej aktivity radia su pomerne stabilné
(x = 0,051Bq.I', GM = 0,047Bq.I""), podobne aj hodnoty objemovej akti-
vity radonu (x = 8,28Bq.I", GM = 5,57Bq.I}).

8.8. Neovulkanity

Neovulkanity (obr. 24,tab. 34) st produktmi terciérnej vulkanickej akti-
vity.

Stredoslovenské neovulkanity tvoria cadicCe, trachyty, andezity, dacity a ryo-
lity a ich vulkanoklastika. Zaberaju plochu 7,8%a su ohranicené z juhu
Podunajskou a Juhoslovenskou panvou, zo zapadu TribeCom a Hornoni-
trianskou kotlinou, zo severu Turéianskou kotlinou, Vel'kou Fatrou a Staro-
horskymi vrchmi a z vychodu veporidmi.

Vychodoslovenské neovulkanity zaberaju plochu 2,1 % plochy Slovenska
a ide najma o neovulkanity Slanskych a Vihorlatskych vrchov. V Slanskych
vrchoch su zastupené amfibolicko-pyroxenické andezity so svojimi tufmi
a ryolity. Neovulkanity Vihorlatskych vrchov sa skladaju najma z komple-
xov lavovych prudov a vulkanoklastickych hornin, pricom prevladaja pyro-
xenické andezity.

Z prieskumu zameraného na radioaktivne suroviny vyplyva charakte-
ristika acidnych vulkanitov vychodoslovenskych neovulkanitov (tab. 35
a 36).

Matolin (1976) poukazuje na rozdiel medzi radioaktivitou ryolitov stred-
ného a vychodného Slovenska (tab. ¢. 37).
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The Neogene sediments display on average higher radon risks than the
Paleogene ones. Low radon risk characterizes the majority of Upper
Pliocene sediments widespread in the vast area of the Danube Basin and
partly also Southern Slovakia Basin. In contrast, Pliocene sediments in the
Inner Carpathian intramontane basins mostly fall into the medium radon
risk category. It applies mainly to the Turiec, Upper Nitra and Ziar Basins
where 5 reference areas display a high risk primarily due to tuffaceous
admixture in sediments. The Tuffaceous-Lignite Series and KoSice Gravel
Formation consist of Neogene rocks associated with fairly high radon
risks — 73 % of reference areas fall into the medium and4 % into the high
radon risk category. Lower Miocene sediments, largely marly clays, sandy
marls, locally also sands and gravels, in the Vienna, Southern Slovakia and
partly also Eastern Slovakia Basins are in between the low and medium
risk categories.

Natural radioactivity of groundwaters in the Danube Lowland and that in
the Podunajska pahorkatina Upland are almost identical except for radon
volume activity. Average uranium concentrations 0,004 —0,005mg.I™
are among the highest in Slovakia. These concentrations are associated
mostly with waters whose T.D.S. ranges between 750 and 1000 mg.I*
(RAPANT, 1995).This agrees with Lisicin’s (1975)data that waters with such
T.D.S. in arid areas most intensively dissolve uranium from rocks. Radium
volume activity is increased only in the western sector (between Dunajska
Streda and Bratislava) which, like the Zahorie Basin, is rich in waters whose
T.D.S. is between 750 and 1000mg.I". Higher-mineralized waters mostly
display radium volume activity values below 0.04Bq.1™. Low radium volume
activities range from 6.55 (4.20Bq.I") in the Danube Lowland to 11.73
(7.86Bq.I") in the Podunajsk4 pahorkatina Upland. Higher activities in the
Podunajska pahorkatina (up to 80.68Bq.I") probably result from smaller
thickness of Tertiary sediments.

The territory is characterized by increased uranium concentrations, notably
in areas underlain by Neogene sediments (on average 0,004—0,005ng.1").
Concentrations between 0,002—0,003ng.1* are typical of volcanoclastics.
Waters in the volcanic complexes of the Cerova vrchovina display slightly
increased radon volume activities (x = 27.68Bq.I", GM = 21.80Bq.I™).

In the KoSice Basin, uranium concentrations and radium volume activity
do not exceed average values of Slovakia’s groundwaters. Slightly increased
values have been noted only in wells recharged by Quaternary waters in the
vicinity of the Hornad River. These higher values, such as those at Haniska
and Sena, are presumably caused by fragments of Gemeric rocks of Pa-
leozoic age in poorly consolidated Quaternary sediments. In places, incre-
ased values of radon volume activity (up to 50 Bq.1") are bound to N-S- or
NE-SW-trending tectonic lines.

Unlike waters in the Danube Lowland, those in Neogene sediments of the
Eastern Slovakia Lowland are devoid of increased uranium concentrations
(average U, content is 0.003mg.I"'-1). The latter have T.D.S. above 1 g.I'*
and therefore their ability to dissolve uranium from rocks is reduced (LISICIN,
1975).Their radium volume activity is fairly stable (x — 0.051Bq.I'}, GM —
0.047Bq.I") and so is their radon volume activity (x — 8. 28 Bq.t', GM —
5.57Bq.I"Y).

8.8. Neovolcanics

The Neovolcanics (Fig. 24, Tab. 34)are products of Tertiary volcanism.

The Central Slovakia Neovolcanics consist primarily of andesites, with
minor dacites and rhyolites, and even less abundant basalts as well as rela-
ted volcanoclastics. The Central Slovakia Neovolcanics account for 7.8 %
of Slovakia’s territory. They border the Danube and Southern Slovakia
Basins in the south, Tribe¢ Mts. and Upper Nitra Basin in the west, Turiec
Basin, Vel'ka Fatra and Starohorské vrchy Mts. in the north, and the Ve-
porské vrchy Mts. in the east.

The Eastern Slovakia Neovolcanics occupy 2,1% of Slovakia’s territoty
and include mainly Neogene volcanics in the Slanské and Vihorlatské
vrchy Mts.

Rocks in the Slanské vrchy comprise amphibole-pyroxene andesites and
related tuffs as well as rhyolites. The Vihorlatské vrchy neovolcanics con-
sist mainly of complexes of lava flows and volcanoclastic rocks dominated
by pyroxene andesites.

Exploration for radioactive minerals has provided the following characteris-
tics of neovolcanics in the Eastern Slovakia Neovolcanics (Tab. 35and 36)
Matolin (1976)pointed out differences in rhyolite radioactivities in central
and eastern Slovakia (Tab. 37).
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RADIOAKTIVITA JEDNOTLIVYCH LITOTYPOV NEOVULKANITOV TAB. 34 RADIOACTIVITY OF INDIVIDUAL NEOVOLCANIC LITHOTYPES
N T T
Stredoslovenské neovulkanity / Central Slovakia Neovolcanics

6 | Tufitické sedimenty / Tuffaceous sediments 1,46 3,7 10,2 13,5 69,1 3,1 2,6 7,9
10 | Andezity / Andesites 1,49 35 9,8 12,5 63,9 2,8 2,4 6,7
11 | Andezity az dacity / Andesites to dacites 1,59 3,6 9,9 12,9 65,6 2,8 2,3 6,4
12 | Propylitizované andezity / Propylized andesites 1,65 3,5 9,8 13,0 66,1 2,8 2,3 6,4
13 | Granodiority a porfyry / Granodiorites and porphyries 1,74 3,4 9,9 13,1 66,6 2,9 2,1 6,0
14 | Ryolity a ryodacity / Rhyolites and rhyodacites 1,73 4,3 11,5 14,7 75,6 2,7 2,6 6,9
37 | Kremence, ilovité bridlice / Quartzites, shales 1,45 4,5 10,3 13,6 70,3 2,4 3,1 7,0
38 | Pieskovce, bridlice / Sandstones, shales 2,56 3,6 9,3 15,3 77,1 2,6 1,6 4,1

Vychodoslovenské neovulkanity / Eastern Slovakia Neovolcanics

6 | Tufitické sedimenty / Tuffaceous sediments 1,62 3,6 8,9 13,4 68,5 3,3 2,2 6,8
10 | Andezity / Andesites 1,41 2,9 8,7 11,1 56,6 3,2 2,1 6,3
11 | Andezity az dacity / Andesites to dacites 1,65 3,4 9,9 12,8 65,5 3,0 2,1 6,1
12 | Propylitizované andezity / Propylized andesites 1,41 2,5 7,8 10,3 52,4 3,3 1,9 59
14 | Ryodacity a ryolity / Rhyolites and rhyodacites 1,91 4,3 11,7 15,4 78,5 2,8 2,3 6,2
RADIOAKTIVITA ACIDNYCH VYCHODOSLOVENSKYCH NEOVULKANITOV TAB. 35 RADIOACTIVITY OF ACID EASTERN SLOVAKIA NEOVOLCANICS

[ffo p%:n sg::] U/K Th/U Th/K
Slanské pohorie 2,13 2,92 13,92 1,37 4,74 6,56
Mili¢ 2,43 3,40 13,97 1,40 4,11 5,76

Pri¢inu vidi autor predovsetkym v ich rozdielnom vzniku a v ¢asovom prie-
behu vulkanizmu.

Neovulkanity ako celok vykazuju priemerné hodnoty prirodnej radioaktivi-
ty. V porovnani stredoslovenskych a vychodoslovenskych neovulkanitov
maju stredoslovenské radioaktivitu o Cosi vysSiu.

Neovulkanicky komplex je charakteristicky vd¢Sou plynopriepustnostou
hornin, ¢o vyrazne ovplyviuje radonové riziko tohto komplexu. Andezity,
dacity a ich pyroklastikd maja stredné hodnoty OAR v pédnom vzduchu
(20 kBq.m™®) nizsie nez kyslé variety vulkanizmu, ako su ryolity, ryodacity
a ich tufy (40 kBq.m™®). Hoci sa v ryolitoch realizovalo meranie OAR len

The differences may be explained by different origins and temporal evolu-
tion of volcanism in these two areas. The Central Slovakia Neovolcanics
have somewhat higher radioactivity than their eastern counterparts.

The Neovolcanic complex is characterized by higher gas-permeability of
rocks which controls its radon risk. Andesites, dacites and related pyroclas-
tics have lower medium values of radon volume activity (RVA) in soil air
(20kBq.m™) than acid volcanics, such as rhyolites, rhyodacites and related
tuffs (40 kBq.m™). Although RVA of rhyolites was now measured only in
seven reference areas, earlier URANPRES investigations point to high
risks of this rock type.
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RADIOAKTIVITA HORNINOVYCH KOMPLEXOV TAB. 36 RADIOACTIVITY OF ROCK COMPLEXES
VYCHODOSLOVENSKYCH NEOVULKANITOV IN EASTERN SLOVAKIA NEOVOLCANICS
Oblast Horninovy komplex K el eTh
Area Rock complex % ppm ppm U/K Th/U Th/K
Slanské pohorie Pyroxenické andezity / Pyroxene andesites 1,99 2,56 10,42 1,29 4,07 5,24
Bazaltoidné andezity / Basaltoid andesites 2,23 2,60 8,50 1,17 3,27 3,81
Propilitizované, pyroxenické andezity 2,40 2,59 10,94 1,08 4,22 4,59
Propylized pyroxene andesites
Tufy a tufity pyroxenickych andezitov 1,78 2,39 10,51 1,34 4,40 5,90
Tuffs and fuffites of pyroxene andesites
Vihorlat a Popri¢ny Pyroxenické andezity a ich tufy 1,76 2,23 9,19 1,27 4,12 5,22
Pyroxene andesites and related tuffs
RADIOAKTIVITA NEOVULKANICKYCH RYOLITOV (MATOLiN, 1976) TAB. 37 RADIOACTIVITY OF NEOVOLCANIC RHYOLITES (MATOLiN, 1976)
Hornina / Rock K (%) eU (ppm) eTh (ppm)
Ryolity stredného Slovenska / Rhyolites in central Slovakia 3,4 4.7 24,6
Ryolity vychodného Slovenska / Rhyolites in eastern Slovakia 2,4 1,2 6,1

na siedmich referen¢nych plochach, rizikovost tohto horninového typu je
znama uz zo starSich prac URANPRES-u.

Radioaktivita podzemnych vdéd v pohoriach budovanych neovulkanitmi je
vel'mi nizka. Koncentracie uranu v podzemnych vodach st na urovni priemer-
nych hodno6t neovulkanitov, pre ktoré je typicky plytky obeh v malo naruSe-
nych vrchnych ¢astiach vulkanickych komplexov. V objemove;j aktivite radia sa
vody stredoslovenskych neovulkanitov liSia od neovulkanitov Slanskych vrchov
a Vihorlatskych vrchov. Vody kyslejSich foriem stredoslovenskych vulkanitov
maji velmi nizke hodnoty radia (x = 0,030Bq.I*, GM = 0,017Bq.I™) oproti
vodam bazickejsich foriem neovulkanitov Slanskych vrchov (x = 0, 052Bq.1?,
GM = 0,049Bq.1") a Vihorlatskych vrchov (x = 0,04Bq.I", GM = 0,039Bq.I"Y).
Objemova aktivita radonu je najvysSia v stredoslovenskych neovulkanitoch
(x = 15,50Bq.I*, GM = 9,22Bq.I"") a najnizsia v neovulkanitoch Slanskych
vrchov (x = 6,49Bq.1", GM = 3,50Bq.I""). Povod radénu je hypoalogénny, via-
zany na tektonické zlomy.
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Groundwater radioactivity in neovolcanic mountain ranges is extremely
low. Uranium concentrations in groundwaters equal average values in neo-
volcanics which typically have shallow groundwater circulation in distur-
bed upper parts of the volcanic complexes. Radium volume activity of wa-
ters in the Central Slovakia Neovolcanics differs from that in the Slanské
and Vihorlatské vrchy neovolcanics. Waters in acid rock varieties of the
Central Slovakia Neovolcanics have very low radium values (x — 0.030Bq.1?,
GM - 0.017Bq.I'Y) in comparison with more mafic neovolcanic rocks in
the Slanské vrchy (x — 0.052Bq.I*, GM — 0.049Bq.I") and Vihorlatské
vrchy (x — 0.047Bq.I*, GM — 0.039Bq.I""). Radon volume activity is
the highest in the Central Slovakia Neovolcanics (x — 15.50Bq.1*, GM —
9.22Bq.I'") and lowest in the Slanské vrchy neovolcanics (x — 6,49Bq.17,
GM - 3,50Bq.I""). The radon here is of hypallogenic origin associated with
faults.



9. ZAVER

Pravo kazdého obcana Slovenskej republiky na zdravé Zivotné prostredie,
ale aj jeho povinnost chranif a zveladovat ho, st suéastou Ustavy Slo-
venskej republiky, priCom Statne organy musia dbat na udrZanie ekologic-
kej rovnovahy a ucinnu starostlivost o Zivotné prostredie. VSetci obCania
tohto S§tatu maju preto pravo byt pravdivo a aktualne informovani o envi-
ronmentalnej situacii vo svojej krajine. To je aj poslanim tejto publikacie.
Geochemicky atlas Slovenska — Prirodnd rddioaktivita hornin je prvym subor-
nym dielom z tejto problematiky u nas a zaraduje sa aj medzi prvé takéto
diela vo svete.

Cielom tohto diela je podat struénu a vystiznu chrakteristiku prirodnej
radioaktivity hornin a vod na Slovensku vo vSetkych jej hodnotenych zloz-
kach. Toto hodnotenie sa podarilo spracovat na rovnakej kvalitativnej urov-
ni. Mapy su v mierke 1:1000000preto nemohli zachytit ¢iastkové ano-
malie, no textova Cast upozoriuje na vyskyt a rozsirenie hornin a vod so
zvySenou radioaktivitou.

Mapy prirodnej radioaktivity Slovenskej republiky su vysledkom spracova-
nia dostupnych informaécii o prirodnej radioaktivite hornin a vod. Najviac
materialov sa Cerpalo z vysledkov merania prirodnej radioaktivity a obje-
movej aktivity radénu hornin a prirodnej radioaktivity vod in situ a mera-
nych v mierkach 1:200000a 1:50000.VyuZili sa poznatky mnozZstva dal-
Sich organizacii, a to najma Geologickej sluzby Slovenskej republiky Bra-
tislava. Dolezitym zdrojom informacii boli materialy M. Matolina, ktory
roku 1976vydal prvi mapu prirodnej radioaktivity Zapadnych Karpat, ale
aj materidly URANPRES-u, s.r.o. SpiSska Nova Ves a jeho predchodcov,
ziskané za vySe polstoro¢nej historie prieskumu radioaktivnych surovin na
Slovensku, ktoré boli v nedavnej minulosti utajované.

Vel'ku zasluhu na spracovani takého rozsiahleho materialu ma Ministerstvo
Zivotného prostredia Slovenskej republiky, ktoré vytvorilo materialne aj
metodické podmienky na meranie a interpretaciu materialov.

Jednotlivé zlozky prirodnej radioaktivity na uzemi Slovenskej republiky
mozZeme charakterizovat tymito priemernymi hodnotami:

Prirodna radioaktivita hornin

Draslik (K) 1,6%

Uran (eU) 3,3ppm

Torium (eTh) 9,4ppm

Pomery Th/U 2,8

Th/K 5,8

U/K 2,1

Uran celkove (eU,) 12,4ur

Davkovy prikon (Da) 63,3nGy.h?
Objemovd aktivita radonu

nizke riziko 53,0%

stredné riziko 46,7 %

vysoké riziko 0,3%

Davkovy prikon kozmického Ziarenia 44.3nGy.h?
Prirodnad rddioaktivita vod (hodnota medidnu)

Uran (U,,) 0,003mg.1*

Radium (**°Ra) 0,040Bq.I*

Radon (**°Rn) 9,31Bq.I*

Hodnoty prirodnej radioaktivity hornin a vod zodpovedaju zlozZitej geolo-
gickej a geotektonickej stavbe uzemia Slovenskej republiky.

Porovnanie prirodnej radioaktivity s udajmi z inych Statov nie je lahké.
Komplikuje ho mala dostupnost vysledkov a rozdielna metodika merani.
Da sa to urobit len prostrednictvom davkového prikonu (tab. 10). Ak by sa
zoradilo 26 §tatov, z ktorych su k dispozicii udaje o davkovom prikone hor-
nin, do stupnice od najnizZSieho davkového prikonu po najvyssi, bolo by
Slovensko na 9. mieste. Najnizsi davkovy prikon ma Polsko (40 nGy.h),
najvyssi Svédsko a Rumunsko (80, resp. 81 nGy.h?).

Mapy prirodnej radioaktivity su sucastou kolekcie map zaoberajucich sa Zivot-
nym prostredim a maju svoj vyznam pri posudzovani stupna oZiarenia popula-
cie. Medzinarodné odborné organy odporucaju, aby sa radioaktivita Zivotného
prostredia monitorovala a aby sa minimalizovala expozicia obyvatelov.
Radioaktivitu ako jednu z vyznamnych zloZiek Zivotného prostredia ne-
treba precenovat, ale nesmie sa ani podcenit. Preto je nevyhnutné merat
a monitorovat prirodnu radioaktivitu. V sucasnosti sa vykonavaju prace za-
merané na podrobnejSie zmapovanie stavu zZivotného prostredia v jednotli-
vych regiénoch Slovenska.

9. CONCLUSION

The Slovak constitution specifies the right of each Slovak citizen to live in
a favourable environment and also his/her obligation to protect and improve
it. State organs are obligated to maintain environmental balance and take
effective care of the environment. That is why all Slovak citizens have the
right to get true and up-to-date information on the state of environment in
our country, which is the objective of this publication.

The Geochemical Atlas of Slovakia — Natural Rock Radioactivity is the first
comprehensive publication of this kind and one of the first in the world.
The Atlas of Natural Radioactivity is aimed to give a brief and concise cha-
racteristics of rock and water natural radioactivity and all its assessed com-
ponents. We managed to compile data on these components measured on
the same qualitative level. The maps are at scale 1:100000nd therefore
cannot show partial anomalies, but the text part of the Atlas highlights the
occurrences and distribution of rocks and waters with increased radioac-
tivity.

The maps of natural radioactivity in Slovakia have resulted from the com-
pilation of available information on natural radioactivity of rocks and
waters. Most data were provided by in-situ measurements of natural radio-
activity and radon volume activity of rocks and natural radioactivity of
waters at scales 1:200000o0r 1:50000.A number of other companies,
notably the Geological Survey of Slovak Republic based in Bratislava.
Other major sources of information include materials by M. Matolin who
edited the first map of natural radioactivity in the West Carpathians in
1976,as well as materials gathered by URANPRES Ltd. based in SpiSska
Nova Ves over more-than-35-year-long history of exploration for radioac-
tive minerals in Slovakia which were classified until recently.

The Slovak Environment Ministry also played an important role in the
compilation of this extensive publication as it provided funds and specified
techniques to measure and interpret the data.

Average values of individual components of natural radioactivity in Slo-
vakia are as follows:

Natural radioactivity of rocks

Potassium (K) 1.6%

Uranium (eU) 3.3ppm

Thorium (eTh) 9.4ppm

Ratios Th/U 2.8

Th/K 5.8

U/K 2.1

Total uranium (eUt) 12.4ur

Dose rate (Da) 63.3nGy.hr
Radon volume activity

low risk 53.0%

medium risk 46.7%

high risk 0.3%

Cosmic radiation dose rate 44.3nGy.hr
Natural radioactivity of waters (median)

Uranium (U,,) 0.083mg.1*

Radium (***Ra) 0.04Bq.I*

Radon (***Rn) 9.31Bq.I*

Patterns of natural radioactivity of water and rocks reflect complicated geo-
logical and geotectonic structure of Slovakia.

Natural radioactivity in Slovakia can hardly be compared with that elsewhere
because foreign data are rarely available or different measurement techni-
ques were used. Only dose rates can be compared (Tab. 10). If 26 nations
with available dose rate data were ranked from the lowest to the highest dose
rate, Slovakia would occupy the 9" place. The lowest dose rates (40 nGy.hr™)
are in Poland and the highest in Sweden and Romania (80 and 81 nGy.hr?,
respectively).

The maps of natural radioactivity are part of a set of environmental maps
and are useful in assessing human irradiation. International expert bodies
recommend that radioactivity of the environment be monitored and human
irradiation be minimized.

As a major environmental factor, radioactivity should be neither overesti-
mated nor underestimated. That is the reason why natural radioactivity
must be measured and monitored. More detailed environmental investiga-
tions organized by the Slovak Environment Ministry are currently under
way in Slovakia’s respective regions.
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