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Na uvod

Regiondine §lichovacie prdce sa v byvalom Cesko-Slovensku zacali vyuZivar na rozhrani
50. a 60. rokov 20. stor. Tdto prastard prospekcénd metdda nevzbudzovala na iizemi s vyse
dvetisicrocnou tradiciou v tazbe nerasinych surovin velké nddeje odbornych kruhov
na vispech. Aj preto sa slichovanie vo vicsSon rozsahu zacalo vo Vihorlate, kde — na rozdiel
od radu inych geologickych jednotiek — vicsia exploatdcia nikdy neprebiehala, a tak sa
v bansky relativne mdlo aktivnom prostredi oakdval aky-taky prinos do poznania minera-
lizdcii, najmd rudnych.

Inicidtorom, autorom a napokon aj organizdrorom prvych prospekcnyeh Slichovacich
projektov vo Vihorlate bol Ing. Jan Sldvik, DrSc., ktory vdaka svojej mimoriadnej erudicii,
odbornej fundovanosti a rozhladenosti v loZiskovej geoldgii, ako aj vdaka odvahe riskovar
presadil ich realizdciu vo vychodoslovenskych neovulkanitoch. Pozitiviie vysledky, medzi
ktoré patrili aj nové poznatky o distribicii rudnych minerdlov — osobitne rumelky a Au,
umoznili rozsirit slichovanie na krvstalinikum a neskér takmer na celé Slovensko.

Priblizne v rovnakom obdobi ako J. Slavik na Slovensku zacal plnit slichovy program
v Ceskom masive RNDr. Ivan Tencik. Je prirodzené, Ze napriek dobrym skiisenostiam
z Vihorlatu na to potreboval podobné viasmosti a prednosti, aké mal J. Sldvik. Po iivod-
nych projektoch v moldanubiku sa postupne spracovalo celé iizemie Ceskej republiky.
Vysledky regiondlnej slichovej prospekcie potom zhrnul Atlas tazkych minerdlov Ceskej
republiky. GEOMIN Jihlava skompletizoval rozsiahly materidl z projektov, ktorveh inicid-
torom a scasti aj realizdatorom bol I. Tencik. Prdve I. Tencik sa zasliZil aj o iispesny
wexport” prospekcnych slichovych metdd do viacerych krajin Azie, Afriky a Juznej Ameriky.
Jillavske pracovisko pokracuje v tejto &innosti nadalej.

Regiondlne Slichovanie na Slovensku prinieslo — okrem iného — aj nové iidaje o rozSirent
kassiteritu, scheelitu, volframitu a minerdlov vzdcnych zemin, podstatne rozsirilo poznatky
o zastipeni{ Au v krystaliniku a s¢asti aj v klastogénnych sedimentoch, pomohlo opditoviie
objavit rozsypy Au v mladsich iitvaroch, ktoré zrejme exploatovali u? Kelti a po ktoryel sa
doteraz casto nachddzajii rozsiahle ryZoviskd.

V siivislosti s rozsvpmi Au nemozno nespomemit RNDvr. S. Poldka a jeho vynikajiicu
interpretdciu vysledkov slichovania, vd'aka ktorej objavil rad dédlezitych objektov v Povaz-
skom Inovei, Tribeci a v Malej Magure.

V sicasnosti sa plni projekt Reinterpretdcia slichového prieskumu na vizeini Slovenska
a jeho cielom je rozsirit, kompletizoval a systematizovat vysledky ciastkovych projektov,
ktoré na Slovensku prebiehali v ostatnych styroch decénidch. V Ceskej republike sa
v sucasnosti slichovacie prdce realizujii v oblasti vonkajsieho Slichového pdsma Zdpad-
nych Karpdt a toto iizemie je zdroveri priestorom dvojstrannej spoluprdce medzi Ceskou
a Slovenskou republikou.

Touto nasou konferenciou chceme nadviazat na tradiciu semindrov o slichovej pros-
pekeii, ktore priniesli kvalitativiiy posun v aplikdcii tejto metddy a pri Stiidiu akcesorickych
minerdlov. Verime, Ze to bude tak aj teraz.

Pavel HvoZdara a Pavel Baco



Foreword

Regional heavy mineral prospecting in former Czecho-Slovakia has its beginnings ar
the turn of 1950s and 1960s. This very old exploration method appeared not very pronii-
sing for economic geologists because of more than two thousand vears of old mining
tradition in the territory. It was the reason why more intensive prospecting started spe-
cially in the Vihorlat Mts., where, contrary to numerous other geological localities, a big-
ger exploitation has never performed, and therefore in relatively inactive mining area the
improvement of knowledge about mineralizations, mainly of ore-type, has been expected.

First heavy mineral prospecting projects in Vihorlat Mts. were initiated, prepared and
organized by Ing. Jdn Sldvik, DrSc., who owing to his extraordinary experiences, insight
in economic geology, as well as his courage to risk, enforced their realization in East-
Slovakian neovolcanites. Positive results, including new knowledge about distribution of
ore minerals — particularly cinnabar and Au, allowed spreading of prospecting into crys-
talline basement of the Western Carpathians and later to the whole Slovakia.

Approximately at the same time period like J. Slavik in Slovakia, the prospecting prog-
ram in Bohemian Massif has been fulfilled by RNDr. Ivan Tencik. It is obvious, that
paralelly with good experience from the Vihorlat Mts., he disposed with similar qualities
and priorities than J. Sldvik. After introductory projects in Moldanubicum the whole ter-
ritory of Czech Republic has been gradually processed. The results of regional heavy
mineral prospecting were later summarized in the Atlas of heavy minerals of Czech
Republic. GEOMIN Jihlava Company completed extensive material from various projects,
being initiated and partly realized by 1. Tendik. Exclusively 1. Tencik deserved in successful
“export” of heavy mineral prospecting methods into several countries of Asia, Africa and
Southern America.

Regional heavy mineral prospecting in Slovakia brought — besides other things — also
new data about distribution of kassiterite, scheelite, wolframite and REE minerals,
as well as essentially enlarged knowledge about presence of Au in crystalline basement
and partially in clastogenic sediments, and allowed to find again the Au placers being
already exploited by Celtic miners in the past.

In relation to Au placers we would like to mention here RNDr. S. Poldk and his out-
standing interpretation of prospecting results, which allowed to find numerous impor-
tant objects in the Povazsky Inovec Mts., Tribe and Mald Magura Mts.

Recent works on the project Reinterpretation of exploration results of heavy mineral
prospecting on the territory of Slovakia are rargetted 1o enlarge and make more complete
and systematic the results of partial projects of the last four decades.

The recent heavy mineral prospecting in Czech Republic is focussed on territory of
outer flysh belt of Western Carpathians, representing the space of bilateral collaboration
between Czech and Slovak Republics.

This conference intends to follow the tradition of seminars abour heavv-mineral pros-
pecting that brought important qualitative shift in application of this methodics and in
study of accessory minerals. We believe that it will be the same also recently.

Pavel HvoZdara and Pavel Baco

Vi
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Vzpominka na prvni dva organizatory a propagatory Slichové prospekce
na Slovensku a v ¢eskych zemich — Ing. Jana Slavika a RNDr. Ivana Tencika

MILADA HORAKOVA

Jar. Heyrovského 833/9, 674 01 Tiebi¢, Ceska republika

(Dorucené 15. 8. 2001)

V této dobé, kdy je ukoncena Slichova prospekce celého
izemi Ceské republiky a vétSiny Gzemi Slovenska, po-
vazuji za vhodné vzpomenout na oba prikopniky této
metody vyhleddvdni nerostnych surovin. Méla jsem tu
Cest oba dobl'e poznat a to Stésti, Ze jsem mohla pracovat
v jejich kolektivu. Byla jsem u toho, kdyz J. Slavik pfi-
nesl prvnf §lichové vzorky z tzemi Stiavnického pohofi.
Potom jsem 16 roki pracovala jako mineralozka a pozdé-
Ji jako metodicka ve Slichovém stiedisku jihlavské Geo-
industrie.

V roce 1958 jsem po ukonceni vysoké $koly nastoupi-
la do Geologického prizkumu v Turéianskych Teplicich.
V t€ dobé mély vSechny zemé vychodniho bloku za dkol
zajiStovat nerostné suroviny z vlastnich zdroja. Proto i na
Slovensku probihal intenzivni geologicky prazkum.

Novd dvouposchodovd budova prizkumu s laboratore-
mi a dilnami ve dvofe méla ptivodné slouZit jako stredis-
ko pro vyhledavdni uhelnych lozisek v této oblasti.
Vyznamny slovensky geolog ruského plivodu Vsevolod
Cechovi¢ totiz predpoklddal, Ze uhelné souvrstvi handlov-
ské pdnve pokracuje do Turcianské kotliny. Pozdéjsi pale-
ontologické vyzkumy vSak ukdzaly, Ze sedimenty Tur-
Ciansk¢ kotliny jsou mladsf, neuhlonosné. V budové tedy
vznikl Geologicky prieskum, zaméfeny na vyzkum nerud-
nych surovin. Technologické, chemické, mineralogické,
petrografické a paleontologické studium hornin naleZzelo
do oddéleni 1zv. specidlnich slozek, jejichz vedoucim byl
Jano Slavik.

Jano Slavik byl vyraznou a nevsedni osobnosti. Mél
bystry postreh a diky studiu odborné literatury vieho dru-
hu mél zna¢ny prehled. Svymi ironickymi pozndmkami
se znacnou davkou humoru doved! ziskavat lidi pro své
zamd&ry a nepfimo tak nutil své podiizené ke studiu litera-
tury. nevSednimu zdjmu o prdci a k premysleni. Kdyz
mne prijimal, fekl mi:

.-Budes robit sedimentdrnu petrografiu a mineraldgiu.™

~Ale jd jsem délala jen tvrdou petrografii z vybrusu
brnénské vyvreliny.”

..To je ako prejst z elektri¢ky na trolejbus,™ pravil Jano.

V 1€ dobé pod jeho vedenim probihal priizkum na uhlf
v Lehoté pod Viacnikom, v handlovské panvi a u Lucence,
dale vyzkum nového solného loZiska ve Zbudzi u Micha-
lovet, priizkum jili poltdrské formace a uSlechtilych jiléi

na vychodnim Slovensku. Kdyz jsem ve vrtu z Celovci
na vychodnim Slovensku nasla v sedimentech na rozhrani
paleogénu a neogénu dlomky vulkanického skla, odpovi-
dajiciho ryolitu, byl Jano nadSen. Tento ndlez svedcil
o inicidlnfm vulkanizmu na vychodnim Slovensku. Tim

jsem ziskala jeho davéru.

N&kdy v roce 1960-1961 mi prinesl zvIasini vzorek.
Byl hrubozrnny a bylo nutno prohlizet jej pod binokular-
nf lupou a ne pod polariza¢nim mikroskopem.

JJe 1o Slich,” pravil, ,urci, ¢o tam vidis!™

Jediné, co jsem poznala, byla rumélka. Matné Sedé ok-
taedry, které jsem povazovala za magnetit, patfily sfaleri-
tu. Vzorek byl ze Stiavnickych hor.

Vyhleddvani rudnich lozisek metodou 8lichové prospek-
ce J. Slavika nadchlo a stal se jejim nadSenym propagdto-
rem. Predevs§im jeho zasluhou vzniklo specializované pra-
coviSté na vyzkum Slichti ve Spisské Nové Vsi. V 60. le-
tech zasvécoval J. Slavik do této metodiky i své Ceské
kolegy, predevs§im Ivana Tencika, v nové vzniklém Geo-
logickém pruzkumu v Jihlavé.

KdyZ jsem v roce 1974 nastoupila do jihlavské Geoin-
dustrie, méla $lichovd skupina 1. Tencika jiz ¢dstené
zpracované zna¢né tizem/! Ceského masivu. Vyhodnocova-
ly se jednak Ficni Slichové vzorky — z aluvif, ale i z elu-
vif, odebirané pfi ovérovani zrudnéni. Zakladn{ rozdil me-
zi ¢eskym a slovenskym vyhodnocovanim Slicht spoci-
val v kvantifikaci minerdld. Jihlavska skupina pouzivala
metodu, kterd spocivala v tom, Ze se vzorky po déleni
v tézké kapaliné magneticky separovaly a mnoZstvi mine-
rali se odhadovalo do semikvantitativnich tfid, odpovi-
dajfcich ur¢itému mnozstvi minerdld v g/m®. Na Sloven-
sku se mnozstvi minerdlt vyhodnocovalo v objemovych
procentech.

Postupem casu byly v jihlavském Slichovém stredisku
vypracovdny razné specidlni metody, prizpusobované
ur¢itym cilim a u vzorkd z eluvii typim zrudnéni.
Zasluhou manaZerskych schopnosti 1. Tencika byla
ovzorkovana témér celd predmesozoickd ¢ast Ceského
masivu. Pracovnici $lichové skupiny jihlavské Geoindus-
trie se pozd¢ji podileli na slichovém vyzkumu ruznych
zemi tretiho svéta, napf. Etiopie, Irdnu, Kuby, Laosu,
Libye, Maroka, Mongolska, Mozambiku, Vietnamu, ale
i Rakouska a Recka.
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K chemickému zpracovani jemnych frakci Slichovych
vzorki spektralni metodou pFispél pfedevsim vysoce
odborné erudovany a minulym rezimem prondsledovany,
vedouci chemické laboratofe, ing. DuSan Némec a jeho
kolektiv.

V souCasné dob¢ se regiondlni Slichova prospekce
v Ceské republice i na Slovensku postupné zavruje
a uzavird. Je tedy na misté¢ vzpomenout na oba nase kolegy,
kteff se vysledka své prace nedozili a upozornit na jejich
vyznam. Dovolte mi srovndni téchto dvou osobnosti,
které se pfimo vnucuje.

Oba méli vyrazné modré oci. Kromé toho, Ze byli od-
lisného vzristu, méli nékteré vlastnosti stejné: oba byli
ndpadné bystif, méli velky smysl pro humor a uméli zis-
kavat lidi pro své zdméry. Oba byli velmi pracoviti
a obétavi. Oba byli nesmirn¢ odborné zvédavi a oba uméli
zasnout nad kazdou odhalenou zdhadou a nad kazdym
prekvapenim, které geologie pfinasi.

Uz Albert Einstein prohlasil: | .Nejkrasngjsi pocity vy-
plyvaji ze zdhad. Jsou to pocity, které stoji u kolébky
skute¢ného uméni a skute¢né védy. Clovék, ktery tento
pocit neznd, ktery se neumi divit a ktery neumi zasnout,
je prakticky mrtvy. Je jako zhasnutd svice.™

Bohuzel, k prekvapeni a zarmutku vSech oba zemfeli

velmi miladi: J. Slavik v roce 1974 ve véku pouhych
43 let a I. Ten&ik po krdatké nemoci v roce 1986 ve véku
pouhych 46 let.

Jsem piesvédCena, ze by se chovali stejné i kdyby se
dozili stafeckého véku. Ze by v nich stéle ziistavala ona
zv&davost pFi hledéani a jiskra nadSeni z vysledki, kterd
inf ¢lovéka mladym a doddvd mu energii pro dalS{ préci.

B&hem svého kratkého, ale velmi plodného Zivota,
J. Sldvik napsal kolem jednoho sta odbornych praci, objevil
na Slovensku nova loziska keramickych jilt. uhelné
lozisko Cigel a indicie rudnich mineralizaci ve vychodo-
slovenskych neovulkanitech.

Vysledky prace [. Tencika tvoff soucdsti mnohych zave-
re¢nych zprav celého kolektivu, ktery on piimo usmério-
val a vedl. Stopy jeho prace spocivaji na brezich mnoha
potokil a ek, kde byly odebirdny vzorky. Anonymné je
pfitomen na kazdé mapé¢ distribuce minerdli a prvki, které
zhotovili jeho nésledovnici na pocitacich.

J. Slavik i 1. Tencik zili tak, jak podle J. Tuwima
Clovék ma zit:

,,Zij tak, aby se tvi znamf{ zacali nudit, az zemfies.”

A ndm nezbyvd, nez si pro Utéchu fici slova feckého
ucence Meandra:

..Koho bohové miluji, ten umird mlad.”
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Abstract

In the frame of heavy mineral prospecting, which started in the mid of sixties, in total about 87 000 of
heavy mineral concentrates were collected and treated. The results gained of heavy mineral prospe-
cting on the territory of the Czech Republic are compiled and presented in the form of graphical outputs
on three scale levels: 1) Heavy mineral maps | . 50 000 - they are made in two versions and aimed to
the purposes of exploration for Sn-W. Au, Hg, F-Ba raw materials and base metals. All the indicated
anomalous source areas are characterized in detail in the catalogue of anomalies. 2) Mineral and ele-
ment distribution maps 1 : 200 000 — they are presented in the form of Czech-English Atlas of Heavy
Minerals, comprising of map sheets 1 : 200 000. Atlas encompasses 23 distribution maps of selected
rock-forming and ore minerals and 12 maps of element distribution within the fine fraction of heavy mi-
neral concentrates and the text explanations describing the methodology of heavy mineral prospecting
and the opportunities for the application of results of this method. 3) Maps of mineral and element distri-
bution in synoptic scale. They are presented in the form of “Atlas of Heavy Minerals of the Czech
Republic 1 - 500 000”, which represents annex of comprehensive final report of the project "Regional
Heavy Mineral Prospecting of the Czech Republic.” Atlas embraces distribution maps of 23 minerals
and 14 elements. Another minerals and elements (32 variables) are presented on the scale | : 1 000 000.
[ntegral part of this atlas is formed with reference maps and synoptic and interpretation maps. The
whole comprehensive report exists also in electronic form on CD. The next single CD contains reduced
version of this report in English, intended for the advertising purposes abroad. Exploration for raw
material deposits has been always the main goal of heavy mineral prospecting. The results of heavy
mineral prospecting play also very important role in the comprehensive elaboration of prognosis for
various types of raw materials. The next contribution of heavy mineral prospecting consists in huge
amount of original and new information, applicable in relation to the basic research from viewpoint of
regional geology, petrology, metallogeny and geochemistry The results of regional heavy mineral pros-
pecting however play more and more important role in environmental problems, especially in searching
for and in assessment of environment contamination and loadings.

Key words: heavy minerals, heavy mineral prospecting. atlas of maps, distribution maps. reference
maps, synoptic and interpretation maps. environment, exploitation of heavy mineral prospecting results.
environment contamination

Preface

In 1999-2000 the “Atlas of Heavy Minerals of the
Czech Republic [ : 500 000 was compiled as one of the
final outputs of the national geological project "Regional
Heavy Mineral Prospecting in the Czech Republic™. The
investor of the project is the Ministry of Environment,
the work itself was carried out by GEOMIN Jihlava
Company — the Center of Heavy Mineral Prospecting and
the Center of Geochemistry.

Systematic regional heavy mineral prospecting in the
Czech Republic started in the half of the sixties. All
pre-Mesozoic crystalline units of the Bohemian Massif
were sampled and analyzed for heavy minerals during the
several regional heavy mineral prospecting stages, later
on — in the nineties - followed by all platform units and
the area of the West Carpathians. In total approx. 85 000
of heavy mineral samples were collected and analyzed within
the framework of regional heavy mineral prospecting in
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the territory of the Czech Republic. Over 30 years of
regional heavy mineral prospecting thus gave rise to the
large collections of mineralogical and geochemical data
which within the framework of particular regional stages
and adequately to the then available techniques were sub-
jected to the step-by-step evaluation. The respective
results were presented in the progress reports. The complex
elaboration of gathered data and the presentation of results
for the whole territory of the country were then taken up in
the nineties. Results of heavy mineral prospecting in the
Czech Republic have been processed and presented in three
scale levels.

Heavy mineral prospecting maps | : 50 000. These
maps represent on the one hand the basic groundwork
containing the localization of collected and analyzed hea-
vy mineral samples, on the other hard they contain detai-
led information on the distribution of selected heavy mi-
nerals. Heavy mineral prospecting maps are purposefully
intended for the application in prospecting for mineral
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resources and are constructed in the two variants. The first
variant is focused on the indication of Sn-W mineraliza-
tion. The identified contents of cassiterite, scheelite, wol-
framite and topaz are indicated in a map in form of a five-
-member range of concentration for every sample, together
with the graphic indication of so-called anomalous source
areas of the presented minerals. The latter variant is focu-
sed on the indications of Au, Hg, F-Ba and base-metal
mineralization. Barite, pyrite, cinnabarite and gold are
presented there as the main indicating minerals, followed
by fluorite, sulphides and some of the seccondary mine-
rals. All the indicated anomalous source areas are charac-
terized in detail in the catalogue of anomalies. Heavy
mineral prospecting maps and catalogues of anomalies form
parts of the final reports on the particular stages and pro-
Jjects of regional heavy mineral prospecting (Tencik et al.,
1982; Albrechtova et al., 1984; Dolezalova et al., 1986;
Abraham et al., 1994; Abraham et al., 1995; Abraham
et al., 1997. Abraham et al., 1998; Abraham et al.,
1999). The universal evaluation of results in the individual
sections at scale | : 50 000 for the whole territory of the
Czech Republic was completed in 1999,

Maps of distribution | : 200 000. The evaluation of re-
sults in this scale for some parts of the Bohemian Massif
was used in the first half of the eighties. Modern syste-
matic processing of results of regional heavy mineral
prospecting in the form of atlas of heavy minerals then
started in 1993 with the help of more advanced computer
techniques. Single parts of the atlas correspond to the
map section sheets at scale | : 200 000. The atlas is pre-
sented in Czech-English version. It contains 23 maps of
distribution of selected heavy minerals (rock-forming as
well as metalliferous minerals), 12 maps of distribution
of selected chemical elements analyzed in the fine-grained
fraction of heavy mineral concentrates, plus the text
explanations describing the methodology of heavy mineral
prospecting and the opportunities for the application of
results of this method. The basic atlas collection, formed
of 19 map sections at scale 1 : 200 000, was completed
in 1998, After the extension of heavy mineral prospec-
ting to the platform cover units the atlas was supplemen-
ted in 1999 with additional two parts including the distri-
bution of heavy minerals and elements in the central part
of the Bohemian Cretaceous Basin and in the Neogene
basins of the West Carpathians.

Maps of distribution 1 : 500 000. The evaluation of
results for the whole territory of the Czech Republic was
made in 1999-2000 within the framework of the final
phase of the national project “Regional Heavy mineral
Prospecting in the Czech Republic”. The graphic outputs
are presented in the form of the “Atlas of Heavy Minerals
of the Czech Republic | : 500 000", which forms an ap-
pendix to the comprehensive final report of the presented
project (Abraham et al., 2001). The atlas contains the
maps of distribution of 23 basic minerals and 14 elements
from the fine-grained fraction at scale | : 500 000 (exam-
ples in Fig. 1) The distribution of other minerals and ele-
ments (32 variables) is illustrated at scale 1 : 1 000 000.
The comprehensive and interpretation maps of mineral and

element associations, maps of contamination and others
also form a part of the atlas. The comprehensive final
report including the atlas exists in electronic form, too.
The English version of the atlas of heavy minerals of the
Czech Republic containing the maps of distribution of the
most significant 22 heavy minerals, 12 elements in the
fine-grained fraction, and the text part on the methodology
of heavy mineral prospecting and the application of its
results is then presented on a separate CD.

Regional heavy mineral prospecting stages

Three basic stages can be defined in the history of regional
heavy mineral prospecting in the Czech Republic. Stage
I includes the crystalline units of the Moldanubian and
the Upper Proterozoic in the areas of the Ceskomoravska
Highland, the Kru$né hory and the Slavkovsky les Moun-
tains as well as the Luzické hory Mountains, the Jizerské
hory Mountains and the Orlické hory Mountains. Heavy
mineral prospecting was carried out there within the fra-
mework of six regional subprojects. The area of approx.
21 150 km? was investigated during the stage 1. Heavy
mineral sampling was carried out there in 1965-1969
within the framework of prospecting for Sn, W, Au ores
and rare-earth minerals. In total 34 900 heavy mineral
samples were collected. The method of elutriation for the
major part of samples, and the method of magnetic s¢pa-
ration for the smaller part of samples were applied in the
laboratory preparation of samples for analyses. Mineralo-
gical analyses of ore minerals of interest (cassiterite,
wolframite, gold and others) were made quantitatively (the
outputs of analyses in g/m?). Other selected accessory
minerals and rock-forming minerals were evalualed in the
Hutton’s classes where the outputs of analyses are in per-
cenlage by volume. The fine-grained fraction of part of
the samples was analyzed qualitatively with the applica-
tion of the OES method, the outputs of analyses are in
percentage by orders. The graphic outputs of the evalua-
tion of results in partial final reports were heavy mineral
maps at scale | : 25 000 or | : 50 000. Simple maps of
metalliferous minerals at scale | : 200 000 were construc-
ted locally. The stage I was terminated in 1973.

Stage II of regional heavy mineral prospecting lasted
since 1970 until 1986. It includes three separale regional
projects covering the Moldanubian and the Upper Protero-
zoic to the Paleozoic of the SW part of the Bohemian
Massif, part of the Lusatian region and most of the Mora-
vian-Silesian region and the Tertiary volcanites of the
Ceské stiedohoif Mountains area. The sampling proceeded
in the years 1970-1982. Approx. 33 000 of hcavy mine-
ral samples were collected during this period. The labora-
tory preparation ol the samples was made by magnetic
separation. The samples were analyzed with the application
of the method of complete semi-quantitative mineralogi-
cal analysis resulting in 5-8 contents grades, the outputs
of analyses are in g/m?. The fine-grained fraction of the
concentrates was systematically analyzed by the semi-
quantitative OES method, the outputs of analyses are in
the ppm values. During the stage II, a footing for modern
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evaluation of results of regional heavy mineral prospec-
ting was laid down. The graphic output are heavy mineral
maps | : 50 000 in two variants including the catalogue
of anomalies of the mincrals of interest and the maps of
distribution of selected minerals and elements
1 : 200 000, constructed within the areas of individual
projects.

Stage I1I lasted since 1990 until 2000 within the frame-
work of the project “Regional Heavy mineral Prospecting
in the Czech Republic™, divided into the 12 subprojects.
The remaining territories of the Czech Republic, i. e.
platform units of the Bohemian Massif and the flysch
area of the West Carpathians were subjected to the step-
-by-step sampling during this stage. In total approx.
19 100 heavy mineral samples in the territory of about
28 000 km? were collected during this last stage. Concen-
trates of heavy minerals were subjected to mineralogical
analyses resulting in 8 semi-quantitative contents grades
(g/m3), the fine-grained fraction was analyzed semi-quan-
titatively by the OES method (the outputs of analyses in
the ppm values). Most of heavy mineral samples collec-
ted in the sixties during the stage I were processed and
reevaluated in the stage I in accordance with the currently
applied methodology. This allowed to complete the eva-
luation of results in accordance with a universal concep-
tion in the form of heavy mineral prospecting maps
1 : 50 000 in the whole territory of the Czech Republic.
At the same time, results of regional heavy mineral pros-
pecting were presented in the form of the atlas of maps of
distribution of selected heavy minerals and elements,
covering the individual map sections at scale | : 200 000
in the whole territory of the Czech Republic. In the {inal
phase of the stage Il then the whole 35-year period of
regional heavy mineral prospecting was described and eva-
luated in detail in the comprehensive final report. The
results were processed in a synoptic scale and presented in
the form of the “Atlas of Heavy Minerals of the Czech
Republic 1 : 500 000”. The atlas is an appendix to the
final report which also exists in electronic form on CD.

Sampling

In total approx. 87 000 of samples were collecled in
the territory of the Czech Republic from the beginning of
regional heavy mineral prospecting. Some areas of the
crystalline complex were primarily sampled very closely
in the sixties. Later — within the framework of the revalu-
ation of these samples — the selection was made in such a
manner so that the spacing of the sampling network cor-
responded to the values of approx. | sample/km?. There-
fore, only 71 528 heavy mineral samples were used for
the data processing and construction of distribution maps.

As a valuable fact can be considered the statement that
the manner of sampling for the whole long period of regio-
nal heavy mineral prospecting has not practically chan-
ged. The sampling was carried out by collectors under
professional supervision of a geologist. Samples of a
constant volume of 10 litres were collected, if possible,
from the whole profile of recent sediments of active

streams (both natural and regulated) from the depth of up
to 20-30 c¢m, the best in two points within the sampling
place. The optimal material are ungraded sediments with a
wide grain-size range — gravel sands and gravel. Collected
material was sieved under water on the sieves with 2 mm
mesh size. The oversize fraction > 2 mm was quantified
by the estimation (percentage by volume) and after a
fleeting visual assessment liquidated on the spot. The
undersize fraction < 2 mm was subjected to careful mud
and clay discharging, then quantified by the estimation
(percentage of panned fraction) and panned in order to gain
“grey heavy mineral concentrate”. Documentation in wri-
ting as to the sort of sampled sediment, the level of roun-
ding of clastic components, specification of the nature of
a sampling point, and velocity of a stream was made out
in a sampling point. From the beginning of the cighties,
the level of anthropogenic contamination in the oversize
fraction of heavy mineral samples was also observed and
documented.

In the nineties, all occasional streams at that time dry
were also subjected to the systematic sampling. An im-
portant and rather large group is then represented by heavy
mineral sampling from deluvia in shallow valleys and
depressions where surface walter practically does not flow
through, bul where gravitational differentiation of mate-
rial occurs without any doubt. Flat basinal areas with lar-
ge fluvial, deluvio-fluvial and eolian quaternary cover,
where the drainage network of streams is insufficiently
developed, also belong to this group. In such cases. after
removing the top humic layer, again 10-litre samples
were collected from the test pits manually digged up to
the depth of 30-60 cm, taken to a place with the suffi-
cient amount of water and panned there. During the last
stage. heavy mineral samples, as far as possible, were
also collected in large towns such as Prague and Ostrava.
The only unsampled areas remained giant coal open pits
in the northern Bohemia.

The preparation of samples for analyses

The preparation of samples for mineralogical and spec-
tral analyses during the long period of carrying out regio-
nal heavy mineral prospecting experienced crucial chan-
ges. Major part of samples collected during the stage
I in the sixties was processed in the first phase by the
method of so-called elutriation, applied until the begin-
ning of the seventies. Ferromagnetic fraction was separa-
ted from the dried concentrate of heavy minerals with the
use of permanent magnet. Heavy mineral concentrate
was then sieved on a set of sieves with mesh size
0.15-0.25-0.40-0.63—1 mm in order to gel six grain-size
fractions. Fine-grained fraction < 0.15 mm after manual
rubbing up to analytical fineness was handed over to opti-
cal spectral emission analysis. Remaining grain-size frac-
tions were separated by elutriation in water stream in
order to get heavy, control and light-weight fractions. All
fractions gained from the heavy mineral concentrate were
weighed and documented in the elutriation prolocol.
Light-weight and control fractions were deposited and
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Pyroxeny (Doupov) '

Fig. 2. Photographs of selected heavy minerals.

subjected no more to analyzing. Mineralogical analysis
was made for heavy fractions only. In order to identify re-
liably some important minerals, heavy fractions of all
samples were subjected to staining tests for cassiterite,
part of the samples also for barite and wolframite. Essen-

Sférulky (Vamberk)

tial in staining tests are the specific selective chemical
reactions, after the application of which the above listed
minerals of interest are coated with a thin coat of a cha-
racteristic colour, which then allows their reliable identi-
fication in the mineralogical analysis.



418

Tab. 1

Mineralia Slovaca, 33 (2001)

Optical emission spectroscopy — detection limits (ppm)

Stage (year)

Lower and upper detection limits

Spectrograph  Ag As Au Bi Cd Co Cr Cu Hg La Mo Nb Ni Pb Sb Sn W Zn Zr
1966-1970 0,11 19 2.8 1 - - - 4 8 2900 1.2 300 1.3 1.3 10 2 30 35 650
Q24 32 5500 210 500 - - - 4600 3250 33200 200 [1250 1500 5000 5000 500 4000 4500 10000
1970-1974 0.1 43 2.7 2 - - - 1 22 2800 |4 90 6.2 1 20 1.9 27 47 105
PGS 2 16 6000 190 250 - - - 5500 2200 56 000 370 20150 450 {800 2300 1200 1050 4700 7000
1974-1978 0,06 10 3 1 - - - 1 I 1000 1,1 150 1.7 1 20 2 30 22 180
ISP 22 28 6000 140 250 - - - 9000 3000 41 000 370 11000 230 1800 1600 600 3000 4700 9000
1983-1984 0,03 38 3 0,4 - 1 20 | 35 400 1 350 3 1 20 2 11 38 200
PGS 2 90 8300 210 210 - 130 8100 11 000 8000 2400 280 4500 400 1500 9000 10000 1100 10000 6300
1992-1993 0,04 30 3 1.2 1 | 30 1 30 1000 1 300 4 5 25 2 25 33 150
PGS 2 47 9000 190 250 800 170 3000 11 000 9000 60 000 300 16 000 750 1500 20 000 30 000 3500 30 000 10 300
1993-1994 0,04 30 3 0.5 1 1 32 1 30 500 1 310 5 5 30 4 30 25 300
PGS 2 14 21000 190 50 850 150 2150 1100010 000 100 000 130 50 000 500 1200 10 000 5500 4000 27 000 37 000

The preparation of samples by the method of elutria-
tion at the turn of the sixties and the seventies was repla-
ced by a new method based on an entirely different
fooling. The essence of this method is magnetic separa-
tion of heavy minerals and separation in heavy liquids.
This method is also nowadays applied without major
changes as follows: Heavy mineral concentrates are sieved
on a sieve with 0.15 mm mesh size. Fine-grained fraction
< 0.15 mm is weighed and after manual rubbing up to
analytical fineness handed over to optical spectral emis-
sion analysis. Oversize fraction 0.15-2 mm is separated
with the use of permanent magnet in order to get ferro-
magnetic fraction. paramagnetic fraction and diamagnetic
(non-magnetic) fraction. All light-weight minerals are
removed {rom diamagnetic fraction by the subsequent sepa-
ration in heavy liquids (bromoform, p = 2.89 g/cm?). Non-
-magnetic fraction of heavy mineral concentrate samples is
then subjected to staining tests for barite. Concentrates of
heavy minerals prepared in this manner are handed over (o
the mineralogical analysis. This manner of preparation was
applied in the nineties for the new processing ol samples
formerly processed by the method of elutriation.

The methodological adjustment applying to the proces-
sing of fine-grained fraction of heavy mineral concentrates
was made for the laboratory preparation of samples from
the flysch belt area of the West Carpathians. The project
in this case required the determination of mineral gold in
this fraction. In order to make this determination easier,
fine-grained fractions were scparated in bromoform, and
light-weight fraction was liquidated. Heavy fraction after
the determination of gold was homogenized and subjected
to the spectral analysis. However, the removal of light-
-weight fraction from fine-grained fraction led to conside-
rable concentration of all observed elements, therefore the
results of spectral analyses from the flysch belt area are
not comparable with the results from other areas of the
Czech Republic where fine-grained fraction was not sepa-
rated in heavy liquids.

Mineralogical analysis of heavy mineral concentrates

The basic method of assessment of heavy mineral con-
centrates was a complete semi-quantitative mineralogical
analysis. [ts purpose is to determine all the components
contained in heavy mineral concentrate and to express their
quantity in concentration grades in g/m* of the sediment
collected. When classifying minerals into the content
grades, number of grains, their size and shape as well as
specilic gravity of minerals are taken into consideration.
The concentration grades are as follows: 0, < 0.1, 0.1-1,
-5, 5-50, 50-100, 100-500, 500-1000. >1000 g/m".
Contents of gold are expressed by a number of grains in
a sample.

The determination of minerals and their quantity is
made under binocular stereomicroscope (Fig. 2 — photos
of selected minerals). Polarizing microscope or spectral
analysis, microprobe, and/or RTG analysis are applied lor
the determination of hardly identifiable and problematic
minerals. UV light was used for the identification of
scheelite.

Ferromagnetic fraction, in most cases consisting of
magnetite and industrial metallic contamination. was not
analyzed. As far as paramagnetic and non-magnetic
fractions are concerned, all the minerals present. metallic
and non-metallic contamination as well as possible rock
fragments were identified.

With respect to difficult identification of some of the
mineral types, these were only classified in the respective
mineralogical group (garnet, amphibole, pyroxene, the
epidote group). Closer identification is presented for some
characteristic types only, for example garnet — pyrope,
pyroxene — diopside, etc.

Standard control semi-quantitative mineralogical analysis
was made for approx. 3 % of the samples. Another type of
control was quantitative mineralogical analysis allowing
to determine with high accuracy the real contents of
minerals in g/m?,
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Spectral analysis of fine-grained fraction
of heavy mineral concentrates

Fine-grained fractions (< 0.15 mm) of heavy mineral
concentrates were analyzed by the method of optical spec-
tral emission analysis with the visual assessment of the
intensity of spectral lines blackening. The major part of
the fine-grained fractions was analyzed in the laboratory in
Jihlava which used spectrographs Q 24 (until the begin-
ning of the seventies) and PGS 2. The small part of the
samples was analyzed with the use of spectrograph ISP 22
in the Rymarov laboratory. Concentrations of elements
were read visually according to the level of spectral lines
blackening and with the use of calibrated scale converted to
ppm values. Three standard samples serving for the control
of the level of determination of individual elements were
included regularly in the set analyzed. The semi-quantitative
assessment was made for 17-20 elements. The elements’
detection limits for various spectrograph types in the parti-
cular periods of time are presented in Table 1.

Optical spectral emission analysis was used as an inex-
pensive semi-quantitative method, in particular suitable for
the determination of easily and medium volatile elements.
With respect to the fact that heavy mineral prospecting in
the territory of the Czech Republic was carried out in seve-
ral stages within more than 30 years, it was not possible
to maintain identical analytical conditions for the whole set
of samples for this period of time. However, it may be
stated that the results of semi-quantitative spectral analysis
are sufficiently reproducible and applicable for the purposes
of regional heavy mineral prospecting.

Data base of heavy mineral prospecting

All the gathered data are stored in storage media in the
data bank of regional heavy mineral prospecting. The data
according to the respective type are divided into several
groups. The first group contains the identification data in-
cluding the indication of a map section at scale 1 : 25 000,
a number of a heavy mineral sample, and coordinates of
a sample. The next group contains the data gained during
the sampling in the field. In an optimal case (samples
collected in the period since 1981) they include the nature
of a sampling point, the sort of sampled material, the
level of rounding of the clastic particles, percentage of
oversize and undersize fractions after mud discharging, the
level of anthropogenic contamination, the collector’s
name and the sampling date. Another two separate groups
contain for every sample all the results of the mineralogical
analysis and the spectral analysis of the fine-grained
fraction of heavy mineral concentrates.

The data base produced is divided into the several basic
sets that correspond to the time and regional stages of
step-by-step covering the territory of the Czech Republic
by heavy mineral prospecting. These basic sets have been
integrated into the one data base which serves as a source
of data for the calculations, construction and drawing of
maps at scale 1 : 500 000 for the whole territory of the
Czech Republic.

Data processing and computer drawing
of distribution maps

The system of mathematical data processing as well as
the programs for drawing the maps with the application
of computer graphics were made out by the employees of
the Center of Geochemistry of the GEOMIN company in
Jihlava. For the purpose of graphic illustration of the
distribution of minerals and elements in the area, both the
irregular and discontinuous nature of the sampling grid
and the semi-quantitative nature of analyses were to be
taken into consideration. For this reason, a method similar
to kriging was used in the process of calculation of values
for drawing the maps.

Means of intervals of the content grades in g/m* for
minerals, concentration values in ppm for the chemical
elements, and numbers of grains in a sample for mineral
gold served as the input data for the calculation.

The principle of the mathematical solution is the divi-
sion of the map sheet area into square cells with the edge
of 3 km, with every cell in all directions overlapping at
50 % with the neighbouring cell (moving window method).
The representative value of concentration, calculated as
geometric mean of non-zero values in the cell, corrected
by a number of negative analyses, was co-ordinated to
every cell. The next step is densening of the grid which
was made by dividing the original cells into 36 micro-
cells with the edge of 500 m each. The characteristic
value for every microcell was calculated as weighted arith-
metic mean of the previous values, where weight is a
function of distance of the microcell center from the basic
cell center. In the map output then the microcell values
are co-ordinated to the respective concentration grades, and
the microcells are spaced with the corresponding colours.

The number of microcells created in the map is much
bigger than the number of samples collected. Histogram
expresses the frequency of concentrations calculated for
microcells and corresponds fully to the map content.

In total 9 concentration grades that are identical with
the former semi-quantitative grades used for the mineralo-
gical analysis of heavy mineral concentrate samples were
used in order to illustrate the distribution of minerals.

In order to illustrate the distribution of minerals in the
fine-grained fraction of heavy mineral concentrates it was
necessary to define the optimal concentration intervals,
uniform for the whole territory of the Bohemian Massif.
Considerable inhomogeneity of the analytical data sets
resulting from the conditions of their origin was a prob-
lem. The data sets suffered from multiple time effects
owing to the fact that they were formed in stages during
several tens of years. The samples were analyzed by vario-
us spectrograph types under unequal operation conditions.
Adverse effects were eliminated by the application of
statistical methods. The data sets corresponding to the
individual regional and time stages of heavy mineral pros-
pectling within the Bohemian Massif region were assessed
statistically; frequency histograms for individual elements
in every set were made. On the basis of histograms, five
concentration grades were defined for every element in the
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individual sets. The grade limits then were unified step by
step in order to reach the optimal limits so that the indi-
vidual grades include the sequence of such values that
with respect to the frequency form, if possible, a homo-
geneous agglomerate. The resulting limits defined in this
way represent an acceptable compromise between the in-
dividual data sets and are valid for the whole of the Bohe-
mian Massif region.

Spectral analyses of fine-grained fractions of heavy
mineral samples from the flysch belt of the West Car-
pathians form a separate data set which as to the level
of the results determined is incomparable with the Bohe-
mian Massif region. The reason for a differing level
of results in this case is a different way of preparation
of fine-grained fractions for analysis. Therefore, in order
to define the concentration grades and illustrate the ele-
ments in the distribution maps of the whole territory
of the Czech Republic, the results of spectral analyses
of samples from the flysch belt area had to be assessed
separately.

The importance and application
of heavy mineral prospecting

In evaluation of the importance and application of hea-
vy mineral prospecting results as very positive there can
be considered the fact that after more than 30-years” period
of using this method in the Czech Republic it turned out
well to process all the gathered data in a uniform manner
and present the results to the geological public. Heavy
mineral prospecting is particularly applied in the geologi-
cal fields, however, environmental aspects of this method
are also highly appreciated.

The first and the most important objective of this met-
hod always was prospecting for various types of deposits
of mineral resources, sometimes leading to their exploita-
tion. This method was successfully applied in the Bohe-
mian Massif particularly in prospecting for primary
Sn-W mineralization and its placers. Suitable objects are
particularly greisen types of deposits with wolframite,
cassiterite and topaz. Heavy mineral prospecting reliably
indicates also various types of scheelite mineralization,
such as scattered on joints or in rocks of granitic to
granodioritic massifs, or more important mineralization
bound to the Moldanubian metamorphic complexes, often
in association with gold.

This method is also indispensable for prospecting for
gold placers and their exploitation. The Bohemian Massif
bears numerous traces of panning activities carried out as
carly as in Celtic times and particularly in the Middle
Ages, which documents the fact that gold was always
paid increased attention by the prospectors. Placer gold
anomalies are often located close to gold-bearing districts,
deposits and occurrences. Important indicators in prospec-
ting for gold are also some of the elements found in the
fine-grained fraction of heavy mineral concentrates — par-
ticularly Bi, As and Sb.

The method of heavy mineral prospecting reliably indica-
tes secondary aureoles situated close to Hg mineralization.

Its significant indicator is cinnabarite in close correlation
with the contents of mercury in fine-grained fraction.

This method was successfully applied in prospecting
for F-Ba mincralization. The reliable indicator in this case
is particularly barite, but scarcer fluorite is also of high
information value. Barite is of great importance as a vein-
stone mineral on some types of base-metal deposits. Ore
filling of classical base-metal deposits in exogene condi-
tions is not much resistant, despite the anomalous source
arcas of sulphidic minerals such as galenite, sphalerite,
chalcopyrite, pyrite, arsenopyrite, and some secondary
minerals (for example cerusite, malachite, etc.) may play
a significant role in prospecting for ores.

This method is of great significance in prospecting for
industrial mineral resources, such as kyanite, andalusite,
sillimanite, garnets, staurolite, monazite, zircon, etc.
Recently, successful exploration projects focused on placer
deposits of garnet and staurolite where the method of
heavy mineral prospecting played an irreplaceable role,
were pursued in the Czech Republic. Projects of prospec-
ting for deposits of boron-bearing mineral resources (tour-
malines), ilmenite, rutile, monazite and zircon are also
under way.

The results of regional heavy mineral prospecting play
a very significant role in the complex elaboration of
prognoses for various types of mineral resources. Matter-
-of-course in this field is the coordination of heavy mineral
prospecting with other geochemical methods (stream sedi-
ments, hydrogeochemistry), with the results of airborne
geophysics and other prognostic criteria. The results of
regional heavy mineral prospecting were successfully
applied in the cighties in the prognostic evaluation of the
Bohemian Massif as to Au, Sn-W, Mo. Hg ores and
base-metal ores, and separately then Au ores and F-Ba
mineralization. A relatively open field in the Czech
Republic is for those who want to deal with the prognostic
evaluation of industrial mineral resources which has not
been madc in a complex manner so far.

The method of heavy mineral prospecting brings a lot of
information that can be applied in various fields of basic
geological investigation. Detailed interpretation of regional
heavy mineral prospecting results at scales 1 : 200 000 and
I : 500 000 from the viewpoints of regional geology and
geochemistry as well as from the metallogenic viewpoint
was made in the Czech Republic, having unveiled several
problems unknown so far, and presented a number of
themes for comparative petrological, metallogenic, envi-
ronmental, etc. studies. It can be seen that it is possible
to join discrepancies given by the nature of investigated
objects themselves — on one hand, e. g. for classical pet-
rological methods an exactly localized rock sample. and
on other hand, in case of the method of heavy mineral
prospecting the concentrate of heavy minerals represen-
ting huge amounts of rocks from a certain source area.
Such disproportions in scale may not be a crucial problem
for comparative research studies. Heavy mineral prospec-
ting results due to a wider and relatively continuous range
in many cases can better identify the real geological con-
ditions which by applying the classical investigation



M. Abrahani. Regional heavy mineral prospecting in the Czech Republic 421

methods focused on a detail could not be fully explained
in the required level of generalization.

The results of analyzing the associations of minerals in
heavy mineral concentrates are well applied e. g. in the
investigation of metamorphic zones in the crystalline
zones and in the identification of geological processes
that took place in the respective zone. Similarly, for ore
minerals contained in the concentrates, a detailed analysis
of their characteristics and chemism can help to estimate
the association, and/or the genetic type of a primary source
and contribute thus to the explanation of metallogenic
issues of the area.

From the beginning of the eighties, the results of regio-
nal heavy mineral prospecting in the Czech Republic
have been increasingly applied in environmental issues,
particularly then in the monitoring and evaluation of con-
tamination of environment. The basic task in the inter-
pretation of heavy mineral prospecting results is an
attempt to differentiate the anomalies (it particularly
applies to the elements in fine-grained fraction) of natural
origin, and the anomalies caused by anthropogenic conta-
mination. Between these two categories there occurs a
mixed type of anomality. where the natural and anthropo-
genic sources or indications combine (o various extents.
The anomalous or increased accumulations of elements of
natural origin are mostly primarily bound (o certain geo-
logical units and objects, often contouring and defining
them against their vicinity. The areas of anomalies are
usually rather large, and the association is formed of a
small number of elements characterizing certain paragene-
sis. The anomalies of elements caused by anthropogenic
contamination do not show direct relation to the geologi-
cal units and objects. They are mostly related to bigger
residential and industrial centers and agglomerations. The
anomalies are mostly of an isometric shape concentrated
around the respective source, the size and intensity of
which then determines the areal extent of the anomalies.
The characteristic features are often rich and variegated
associations of overlapping anomalous elements, often
not corresponding to the known paragenetic associations
of natural origin. Besides the elements, the anomalies of
mixed type are also formed by the minerals. Practically
all indications bound to ore mining districts and deposits
can be classified in this category. Exploited natural mate-
rial deposited on dumps as well as waste from dressing
plants may be a rich source of increased accumulations of
minerals and elements in the areas of ore mining districts
and their vicinity. The anomalies of a similar type may
also arise during the construction activities, such as buil-
ding the railway and roadway network, regulation of water
streams, cultivation of landscape, etc., when huge cubatures
of building materials are transported to big distances.
It is not only building sand and gravel sand. usually with
high contents of heavy minerals, but also crushed stone,
often providing specific associations of heavy minerals.

The current methodology of heavy mineral prospecting
allows the anthropogenic contamination in water stream
sediments to be investigated on several levels. First, the
level of contamination of the sampled material is registe-

red and documented in the sampling point in the field, in
oversize fraction > 2 mm. It is expressed by the visual
assessment and stating the intensity of mechanical conta-
mination of the sediment in a three-stage scale. Contami-
nation is particularly formed by municipal and industrial
waste - glass, ceramics, plastic materials, ashes, iron and
non-ferrous metals, bricks, concrete, slags, enamels, etc.

Heavier components of mechanical contamination are
reliably captured in heavy mineral concentrates (grain size
0.15-2 mm). The components of metallic and non-metal-
lic contamination in the concentrates are then evaluated
during the mineralogical analysis in the same semi-quan-
titative content grades as ore and rock-forming minerals,
results are presented in ¢/m?. These data finally serve for
the construction of the mechanical contamination distri-
bution maps. The individual components of contamina-
tion can be separated from a heavy mineral concentrate
and subjected to further special investigation.

From the environmental viewpoint a very important
step and a significant source of information is the determi-
nation and evaluation of the contents of the selected che-
mical elements in the fine-grained fraction (< 0.15 mm)
of heavy mineral concentrates. The method of optical
emission spectromelry serves for the semi-quantitative
determination of the contents of all of the most important
heavy metals — pollutants: Hg, Cd, Zn, Pb, Ag, Cu. Sb,
As, Mo, W, Sn, Bi, Ni, Co, Cr. After filtering of the
natural background then the anomalous source areas of
these elements can be defined, which may contribute to
the interpretation of the sources of anthropogenic conta-
mination.

Mechanical anthropogenic contamination found in
heavy mineral concentrates consists of several basic com-
ponents. These are synthetic minerals, particularly used
as abrasives — mostly coloured fused alumina (corundum)
and spinelides. In addition, occurrences of synthetic com-
ponents, by their composition corresponding to carbides
and silicides, also belong to this group.

The next group are newly-formed anthropogenic mine-
rals originating secondarily in oxidoreduction conditions
in contaminated sediments. Secondary Pb minerals are the
most frequent. Batteries. lead shots, fragments of lead and
its alloys. etc. can be particularly considered a source of
lead released for the forming of secondary minerals.

The most frequently occurring components of mechanical
anthropogenic contamination are represented by metallic
and non-metallic fragments. Metallic contamination
includes various metallic materials (fragments, wire
pieces, sheet-metal pieces, droplets) and metallic slags.
The chemical composition of metallic contamination is
usually highly variegated. In addition to common iron
and non-ferrous metals — copper, lead, zinc, lin — there
occur various alloys and other materials containing another
heavy metals such as Hg, Au, Ag, As, Sb, etc. Non-
-metallic contamination occurs in non-magnetic fraction.
Mostly it is non-metallic glass slags, coloured heavy
glass. fragments of glazes, ceramics, etc.

A specific frequently occurring component of contamina-
tion is represented by spherical structures called spherules.
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They form minor globules, sometimes of metallic appea-
rance and strongly magnetic, sometimes are formed by
various coloured silicate glass. The majority of spherules
is probably of anthropogenic origin, however, the proces-
ses leading to their forming are rather unclear. It can be
assumed that there is a certain association with metallur-
gical and glass melting processes and combustion of solid
fuels. It can also be assumed that part of spherules could
originate from volcanic glass during volcanic activities.
Even a possibility that spherules could be an accessory
authigene part of the sediments cannot be excluded in
some of the cases. Within the framework of discussions
on the source of spherules an idea of extraterrestrial origin
of the spherules was also taken into consideration from
the very beginning. This alternative cannot be entirely
excluded, however, no cogent concrete evidence is known
so far.

The results of investigation of anthropogenic contami-
nation components are presented in the interpretation
maps. It is evident that heavy mineral prospecting brings
a lot of valuable information which in the combination
with the results of other environmental methods signifi-
cantly contribute to the comprehensive dealing with the
issues of environmental protection.

All the documentation, results of spectral, mineralogical
and special analyses, and heavy mineral concentrates
themselves, sampled in the course of heavy mineral pros-
pecting on the territory of the Czech Republic, are stored
in the heavy mineral prospecting data bank. The founder
of this data bank is the Ministry of Environment of the
Czech Republic which entrusted the Center of Heavy
mineral Prospecting and Geochemistry of the GEOMIN
company in Jihlava with its administration. A big advan-
tage of the heavy mineral prospecting data bank is a pos-
sibility to look up heavy mineral concentrates anytime
and to carry out further special analyses and assessment of
minerals according to specific demands of those interested
in the application of this method.
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Niekolko poznamok o prospekénych moznostiach slichovania na Slovensku

JURAJ KNESL a ALZBETA KNESLOVA
KKA-DSGC — Disseminated Slovak Gold Consulting, Salgotarjanska 3, 974 01 Banskd Bystrica
(Dorucené 23. 6. 2001)

Several remarks about the prospecting possibilities of panning in Slovakia

Slovakia belongs to the countries with very rich and long-time mining history. The biggest mining
activities were concentrated for many centuries into the ore districts built by neovolcanics (Au-Ag and
Pb-Zn-Cu ores), Nizke Tatry and Malé Karpaty Mts. (Sb, Au ores) and Spissko-gemerské rudohorie
Mits. (Fe. Cu, Hg. Sb. Au, Ag ores). At present time, the exploitation of the ores is almost closed in Slo-
vakia, the all known ore sources have been exhausted. resp. they do not achieve the contemporary eco-
nomic parameters. The paper deals with the prospecting possibilities of the panning method under the
present conditions. The most perspective types of ores. i. e. the disseminated-types of Au mineraliza-
tion. are not detecteable by means of panning, nevertheless. they can be indicated by means of the so
called stream sediments method. According to the opinions of authors, further perspective ore explora-
tion targets in Slovakia are represented by Ni-Co ores, mincrals of rare elements and platinoides. The
heavy mineral survey (i. e. panning) belongs among the initial exploration tools of investigation and ex-
ploration activities aimed for discovering of these types of ore deposits.

Key words: heavy mineral survey (panning), disseminated-types of Au ore, ore district. exploration

target, exploration tool, detecteable minerals

Slichova prospekcia patri v oblastiach bez banickej tra-
dicie medzi najstarsie, najrychlejSie a najefektivnejSie me-
tody vyhladdvania rudnych lozisk, ale ddleziti Glohu md
i v regiénoch s bohatou banickou tradiciou. a to hlavne
pri zislovani vyskytu a potencidlu netradi¢nych rudnych
surovin. Na Slovensku si regiondlnym S§lichovanim
pokryté uz vSetky metalogeneticky vyznamné dzemia
a v niektorych ich kltcovych ¢astiach sa vykonal aj detailny
odber vzoriek.

V pociatkoch — koncom 50. a na zaciatku 60. rokov
20. stor. — sa $lichovanie pouzivalo pri vyhladdvani mo-
nominerdlnych Hg rid a drahokovovej mineralizdcie
vo vychodoslovenskych (Slavik, 1963; Tozsér, 1972)
a stredoslovenskych (Valach, 1965 Bohmer a Méchacek,
1966; LinkeSova a Knésl, 1969) neovulkanitoch. Neskdr
sa odber Slichovych vzoriek rozsiril do dalSich plosne
celistvych regidnov a zameral sa na komplexné hodnotenie
vyskytu rudnych a scasti nerudnych minerdlov v jadro-
vych pohoriach a vo veporiku (HvoZdara et al., 1983,
1989) a postupne aj na rieSenie zdkladnych environmen-
talnych problémov v Spissko-gemerskom rudohorf
a v kotlindch Slovenskej republiky (Matula, 1988 Proksa
et al., 1992). V sucasnosti sa riesi Gloha Reinterpreticia
Slichoveho prieskumu na iizemi Slovenska (Bato a Dzu-
renda, 1998) a v jej rdmci sa podla jednotnych kritérif
prehodnocuji vysledky vsetkych doterajsich Slichovacich
prac.

Cielom nasho prispevku je poukézat na niektoré pros-
pek¢né moznosti §lichometrie z hladiska sicasnych po-
znatkov o loziskach, vyskytoch a prognéznych moznos-

tiach jednotlivych rudnych rajonov Slovenskej republiky
v stlade s aktudlnou ekonomickou situdciou na trhu
nerastnych surovin.

Detek¢éné moznosti slichovania

Okrem beznych minerdlov vy$sej Specifickej hmotnosti
sa v tazkych frakcidch $lichov koncentruje hlavne Au, Pr,
diamant, kassiterit, ilmenit, rutil, monazit, zirkon, volfra-
mit, scheelit, rumelka, chromit, kolumbit, tantalit a viac-
menej vSetky sulfidy, vratane pyritu. Relativne rozsiahle
Slichovanie bolo stcastou tvodnych fdz vyhladdvania Hg
mineralizacie, ktorych vysledkom bola lokalizdcia primdr-
nych mineralizdcii a vydislenie zdsoby istych monomine-
ralnych ortutonosnych lozisk — Merntk a Dubnik v Slan-
skych vrchoch, Velkd studna-Malachov v Kremnickych
vrchoch. Slichovanim sa ziskali doleZité poznatky o distri-
bucii Au najma v neovulkanitoch a prvé informdcic o vy-
skyte kassiteritu (Spissko-gemerské rudohorie, Tribec)
a scheelitu (veporidy, Nizke Tatry na tzemi Slovenska. Sn
a W mineralizacia boli neskorSie predmetom rozsiahlyh
technickych prac (SpiSsko-gemerské rudohorie, Jasenie).

V poslednych rokoch sa na Slovensku zistili impreg-
nacné typy Au mineralizdcie (Knésl a Knéslovd, 1993).
Ich mineralizdcia sa vac8inou neprejavuje pritomnostou
Au v Slichoch, a to ani v pripade velkych a bohatych Au
lozisk, ako je to na loziskach carlinského typu v Nevade
(Radtke, 1983) a v Cine (Li a Peters. 1998). Ani novo-
zistené vyskyty Au tychto typov na Slovensku (napr. car-
linského v Tribeci a epitermdlneho vysokosulfida¢ného
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v Javori) neboli indikované Slichovymi anomadliami Au,
ale vac¢sinou vys§im a anomalnym obsahom Au vo vzor-
kdch jemnych frakcii ilovitych sedimentov (stream sedi-
ments). V rdmci regiondlnych geochemickych projektov
(Hvozdara et al., 1989) sa stbezne so $lichovymi vzorkami
odoberali aj vzorky jednych frakcifi ilovitych sedimentov,
ale obsah Au sa v nich stanovoval iba spektralne, a tak sa
v nich Au zistilo len vynimocne.

Sacasné perspektivy rudnych surovin
v Slovenskej republike

Tazba Au rudy loziska Svetozar v Hodrusi (Slovenska
Banskd, s. r. 0., Hodrusa) je pre vyCerpanos( zndmej zdsoby
a nizku cenu Au bezprostredne pred skon¢enim. Tazba si-
deritovych rid loziska NizZnd Sland v Spi§sko-gemerskom
rudohori (Zelba, a. s.) zdpasi s vaznymi ekonomickymi
problémami a nemqzno vylicit, Ze sa v blizkej buddcnos-
ti zastavi. Okrem tychto rudnych loZisk sa na Slovensku
netazi nijaké iné. TaZba Au v Kremnici bola zastavena uz
v roku 1970. Tazba Sb rid sa skoncila a v najbliziich
rokoch sa nedd pocitat s jej obnovenim, lebo loziskd ani
zdaleka nedosahuji ekonomické parametre. Z podobnych
pri¢in sa prestali fazit aj polymetalick¢ a Cu rudy
v Stiavnickych vrchov, komplexné Fe rudy v Spissko-
gemerskom rudohorf a U ruda v Novoveskej Hute. Skoncila
sa i (aZba monominerdlnych Hg rid (Rdkos, Velkd
studina-Malachov) a tazba Mn rid a pyritu je uz ddvnou
minulostou. V rozli¢nom $tadiu prieskumu sa pred¢asne
skoncilo vyhladavanie W, Sn a Mo rid, Cu rid porfyro-
vého typu a dalSich rudnych surovin, pretoze ocakdvand
kovnatost sa ani len nepriblizuje dne$nym ekonomickym
poziadavkam.

Na Slovensku su priaznivé metalogenetické podmienky
na vyskyt drahokovovych, polymetalickych, Cu, Sb a Hg
rid. Vetky spomenuté, ako aj dalSie rudné suroviny
(Fe, Mn, Ni, Co) sa tu tazili pocas dlhych historickych
obdobl a to m|sl\or bllZl\O pov rchu a potom sa postupm
vyznamnejSie akumuldcie tradlcnych Iudn)ch surovin \y—
chadzajice na povrch st uz vytazené a zostdvajlca
zasoba je hlboko pod troviiou sicasnych ekonomickych
poziadaviek. Ekonomické parametre vonkoncom nedosa-
huji ani vyskyty pre Slovensko atypickych rudnych suro-
vin, ktoré sa skumali v nedavnej minulosti (hlavne Sn,
W a Mo rudy). Takyto stav velmi zuzuje praktické pros-
pekéné vyuzivanie Slichovania, ktorym sa vzdy lokalizuje
rad aureol a anomdlil rozlicnych rudnych minerdlov,
indikujtcich. zvysky po starej kutacej, exploatainej
a spracuivatelskej ¢innosti, resp. pritomnost neekonomic-
kych rudnych mineralizacii.

Za sucasnej situacie mozno za najperspektivnejsie
rudné suroviny na Slovensku pokladat iba niektoré draho-
kovové rudy, z inych vyhladovo azda iba Ni a Co rudy
viazuce sa na bazické a ultrabdzické horniny a minerdly
vzacnych zemin spdté hlavne s vyskytmi pegmatitov.
Z drahokovovych rid — okrem klasickych Zilnych typov
Au-Ag mineralizacie, pri ktorych, najma v neovulkani-
toch, st nadalej isté prieskumné a exploataéné moznosti,

zévisiace hlavne od budiceho vyvoja ceny Au (Kremnica)
— s to jednoznacne impregnacné typy Au mineralizécie,
carlinsky typ v sedimentoch, porfyrové typy vo vulkani-
toch a mineralizované zény v krystaliniku. Impregnacné
Au rudy by — podla ndsho nazoru — v stic¢asnosti a v bliz-
kej budidcnosti mali byt hlavnym nametom prieskumnej
stratégie, a to &i uz zo strany §tatu (v prvej faze prac), Ci
zahrani¢nych a domdcich spolocnosti. Zdroje Ag rad (Cu
rudy s Ag — historické lozisko Spania Dolina, L.ubietova,
neskdr Spissko-gemerské rudohorie a zilné Ag-Au typy -
Hodrusa, Banska Stiavnica) treba povazoval za vyCerpané
a neperspektivne.

Nateraz na hypotetickej drovni (Knésl, 2000) su infor-
mdacie o moznej existencii platinoidov na Slovensku.
Sporadické tdaje o vy$Som obsahu Pt a Pd v niektorych
ultrabdzikach veporika a Spissko-gemerského rudohoria
(Hovorka et al., 1980), ako aj o mineralogickych asocié-
cidch v slovenskych ultrabazikdch (Rojkovi¢, 1981) sig-
nalizuji mozny vyskyt platinoidov viazucich sa na ultra-
mafické horniny. Teoretické predpoklady vyskytu kovov
skupiny platinoidov (Pt, Pd. Rh, Ru, Os a Ir) na Slovensku
by mohli v blizkej budicnosti viest k ich vyskumu
a prieskumu. AKo zaujimavost mozno uviest, ze sa Britskd
geologicka sluzba touto problematikou zaoberd uz dvadsat
rokov a md prvé vysledky v podobe nddejnych anomalif
platinoidov v ultramafitoch Velke] Britanie (BGS, 2000).

Zaver

V sdcasnosti s najperspektivnejSim druhom rudnych
surovin na Slovensku impregnacné Au rudy. Vierohodné
ddaje o ich vyskyte st z viacerych rudnych rajonov
(Povazsky Inovec, Tribec. Stiavnické vrchy. Kremnické
vrchy, Polana — Javorie, veporikum. Spissko-gemerské
rudohorie, Slanské vrchy; Knésl, 2000). Medzi vyhladovo
perspektivne rudné suroviny mozno zaradit aj Ni-Co rudy
(Spissko-gemerské rudohorie, veporikum) a mineraly prv-
kov vzdcnych zemin (pegmatity v Malych Karpatoch,
Povazskom Inovei, Tribedi, v Ziari, okraje granitovych
tt‘lies vo veporiku a Spissko-gemerské rudohorie). Priaz-
nivé metalogenetické predpoklady (ultramafity) a pozitiv-

ne geochemické indicie (Hovorka et al.,, 1980) by mali
byt dostatoénym podnetom na komplexné zistovanie moz-
nej pritomnosti platinoidov na Slovensku. V tejto suvis-
losti poznamendvame, 7e otdzka vyskytu Pt v Strieborne]
zile v Rozpave (Sasvari a Mato, 2000) je skdr dcelova
a z praktického hladiska bezpredmetnd.

Regiondlnou sietou slichov je pokryté takmer cel¢ tze-
mie Slovenska. V mnohych pripadoch je siet zahustend,
spravidla sleduje konkrétne prieskumné ciele, a to aj po-
kial ide o odber §lichov z pddy, delivia a z horninovych
odkryvov. V ramci sucasnej tlohy (Baco a Dzurenda,
1998) sa pri sthrnnej reinterpretacii Slichovania prehod-
notia vsetky doteraz rozptylené, Casto odborne nevyrovna-
né, Casom realizacie a Ciastkovymi cielmi ovplyvnené
vysledky na jednotnej modernej odbornej drovni niclen
z praktického prospekéného hladiska, ale aj podla teore-
tickych mineralogickych a geochemickych kritérif a z roz-
li¢nych environmentdlnych pohladov.
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Impregnacné typy Au rid sa vo vacsine pripadov nedaji
zistit vlastnou $lichovou metddou, a preto v prvej faze
vyhladdvania treba odoberat jemné frakcie flovitych sedi-
mentov a kvantitativne sledovat obsah Au. Pri dalsich
perspektivnych typoch rudnych surovin (Ni-Co rudy, prvky
vzdcnych zemin, platinoidy) sa §lichovanie dd v prvej fdze
prac zuzitkovaf v plnom rozsahu. Je to ddleZité najmi pri
Stidiu platinoidov, pre ktoré nase laboratéria doteraz
nemajud beznd analytiku,
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Several remarks about the prospecting possibilities of panning in Slovakia

At present time the disseminated-types of Au mineraliza-
tion represent the most perspective exploration target in
Slovakia. The presence of these types has been discovered
last years in many ore districts (Povazsky Inovec, Tribec,
Stiavnica Mts., Kremnica Mts., Polana-Javorie, Veporicum,
Spissko-gemerské rudohorie Mts., Slanské vrchy Mis.;
Knésl, 2000). It can be considered, that the another perspec-
tive exploration targets are represented by Ni-Co ores (Vepo-
ricum, Spissko-gemerské rudohorie Mts., East Slovakian Ba-
sin) and the minerals of rare elements (pegmatites in Malé
Karpaty, Povazsky Inovec, Tribe¢, Ziar ore districts, margi-
nal parts of granites in Veporicum and Spi¥sko-gemerské ru-
dohorie Mits. ore districts). Finally, in Slovakia the favorab-
le metallogenic suppositions indicate the possible presence
of elements of platinum group (ultramafites in Veporicum,
Spissko-gemerské rudohorie Mts. and Eastern Slovakia). Up
to now, only some positive geochemical data about this
problematics exist (Hovorka et al., 1980). From the other si-
de, the question of the possible presence of Pt mineralizalion

at Striebornd vein in RoZnava (Sasvéri and Mato, 2000), 1s
according to our opinion purpose-built question and has not
economical significance al present time.

At present, almost whole area of Slovakia is covered by the
regional grids of panning samples, in many cases the sam-
ples have been taken in more detailed grids (exploration for
Hg ores). All the previous results of panning are at present li-
me the subject of the reevaluation (Baco and Dzurenda. 1998),
from the contemporary point of the views. The piece of
knowledges, which will be obtained by this project, can be
used also [or practical purposes of further ore exploration.
The gold from disseminated-types of deposits. is not detecte-
able by panning and the stream-sediments survey must by
used. The other perspective Slovakian exploration ore largets
(i. e. Ni-Co ores, minerals of rare elements, platinordes), can
be indicated also by means of heavy mineral survey (pan-
ning). As regards of the group of Pt elements, the panning
can be very important exploration tool, because up to now,
these samples are not assayed in Slovakian laboratories.
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Mikroanalyzy koncentrata tézkych mineralt
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Microanalyses of heavy mineral concentrates

Analytical methods applied in the identification of heavy minerals gained from heavy mineral con-
centrates by separation are shortly described in present article. Discussed samples were treated and
evaluated in the course of the last 37 years in the Centre of Heavy Mineral Prospecting in Jihlava. The
oldest method used for mineral identification was qualitative spectral analysis. Since nineties the
emphasis is placed on the determination of chemical composition of mineral phases by means of quanti-
tative microanalytical methods. allowing mostly to assign stechiometric formula. In order to identify
clearly mineral phases, RTG analysis is generally used. Very important is also information about chemi-
cal composition of anthropogenic components of heavy mineral samples. used for final interpretation of

results from viewpoint of environment.

Key words: heavy mineral prospecting. spectral analysis, microanalytical methods. RTG analysis,
anthropogenic pollution. environmental point of view

Uvod

Metoda §lichové prospekcee je v Ceské republice vyvije-
na a aplikovana od druhé poloviny 60. let. Slichova sku-
pina sidli od svého zaloZzeni v Jihlavé a za dobu jeji exis-
tence proslo mineralogickou laboratoii cca 90 tisic vzorki
z regiondlnf Slichové prospekce, asi 17 tisic vzorkl ze zd-
kladn{ Slichové prospekce a vice nez 190 tisic vzorkl
z detailni Slichové prospekce (ovéfovani Slichovych ano-
malif). Kromé toho byly v jihlavskych laboratofich zpra-
covany a vyhodnoceny vzorky z dalSich 24 zemi Evropy,
Asie, Afriky a Ameriky v poctu okolo 40 tisic kusu.

Metodika Slichové prospekce byla po celou dobu vyvi-
Jjena a zdokonalovana. Zatimco zplisob odbéru a terénniho
zpracovani vzorka ztstal prakticky nezménén, metodiky
laboratorni pfipravy a hlavné mineralogické analyzy
doznaly zna¢nych zmén a vylepseni.

Zptisob semikvantitativni a kvantitativni mineralogické
analyzy vyzaduje pouzili dal$ich analytickych metod.
Kromé dil¢ich optickych analyz za pouziti polariza¢niho
mikroskopu, barvicich metod v pripadé nékterych zdjmo-
vych minerdlt, stanoveni vlastnosti mineralnich fazi pod
UV —svétlem, odliSeni magnetickych vlastnosti minerdl
a urCenf zdkladnich fyzikdlnich vlastnosti jsou aplikovany
metody chemické a mikroanalytické. Findlni identifikace
minerdlnich fazi byva doplnéna RTG - analyzou.

Kvalitativni spektralni analyza
Zékladni analytickou metodou pro identifikaci minera-

IG, kterd byla aplikovdna na jihlavském pracovisli. byla
kvalitativni optickd emisni spektrometrie. Talo metoda

byla pouzivédna jiz od 60. let a postupné byla rozsifena az
na stanoveni 47 elementt v 5 fadovych obsahovych tii-
déch (X0, X, 0,X, 0,0X a 0,00X %). Spektrdlni analyza
byla Gspé$né vyuzita pro identifikaci minerdlt a pro od-
liSeni jejich mozné zamény (pyrit x chalkopyrit, sfalerit
X anatas, hematit x ilmenit, apatit x topaz, olivin x epidot,
titanit X monazit, turmaliny x amfiboly atd).

Metoda je dobre aplikovatelna pro minerdly s jednodus-
$im chemickym sloZzenim, problematickou se stava pfi
identifikaci slozitych silikdtt, fosfdta i oxidu. Jeji ne-
spornou vyhodou je, Ze na rozdil od ,,mikrosondy™ stano-
vuje i lehké prvky, jako je Li, Be a B. Nevyhodou je pod-
minka dodrzeni vysoké homogenity zrn pii separaci a pii-
pravé a dostate¢né mnozstvi materidlu. Kvalitativni spek-
traln{ analyza dobie poslouzila pro identifikaci minerdla,
ovSem bez moznosti vyjadreni jejich stechiometrického
slozeni. V tab. | jsou uvedeny priklady stanoveni minerdlu
kvalitativni spektrdIni analyzou.

Mikroanalytické metody

Mikroanalytické metody (mikrosonda) byly aplikovdny
na specializovanych pracovistich na katedfe mineralogie,
petrologie a geochemie na piirodovédecké fakult¢ Masary-
kovy university v Brné a v Ustavu nerostnych surovin
v Kutné Hore. V drivéjsich etapach Slichové prospekce
(do 90. let) byly minerdly urcovany jen kvalitativné.
Analyzy byly snimdny z nerovného povrchu zrn a byly
sledovdny jen nékteré ,,zdjmové™ chemnické prvky. Pro
identifikaci minerdll to bylo v té dobé dostacujici. Od 90.
let jsou vSechna ur¢ovand zrna zalita do epoxidové prys-
kyFice a naleSténa. Poté je kvantitativné méfen obsah
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Tab. 1
Kvalitativni optickd emisni spektrometrie
Qualitative spectral analysis
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Ukol C. mapy/
¢. vzorku  Mineralogické urceni Obsahy ve tfidach (%)

X0 X 0,X 0,0X 0.00X ?
JZH 43Cb/243 monazit-(Ce) Ce, P La. Th Al Si, Zr Cr, Mg. Ni B, Ca Y
CRE 14-314/10b apatit s La Ca, P La Fe. Mg, Si. Zn Al, Cr. Mn
KRH 50Da/60e topaz Al Si Mg, Ti Ca. Fe Ce
KRH 61Da/89 titanit Ca, SI. Ti Al. Cr, Mg Fe Mn. Zn Cu.Sn, V Zr
KRH 50Cd/245 turmalin (dravit) Al B, Si Mg Fe. Na Ca, Mn

Zkratky dil¢ich dkolt: JZH — Jizerské hory, CRE — kiida. KRH — Krusné hory (Abraham et al.,

2001)

Abbreviations of partial tasks: JZH - Jizerské hory Mts., CRE ~ Crelaceous, KRH — Kru3né hory Mts. (Abraham et al.. 2001)

Tab. 2
Nékteré mineraly potvrzené mikroanalyticky
Some minerals verified with the help of microanalysis

Ukol C. mapy/ Lokalizace Mineralogické Chemické slozeni
¢, vzorku uréeni

ORH  69Ab/7 6.5 km jv. Dobrusky zlato (AUps73AZ0127)
LIB 95Bb/63b 2 km jv Hlubocek sfalerit (Zng g9:Feq a0sCy 002)S 1 000
PHA  12-244/13¢  Praha-Hrdlofezy tetraedrit- (Cuyg400 HE 830 Fen265)5b3 631513000

-schwazit
KRH  50Cc/190 6 km vsv Kraslic l6llingit Fey ool As| 92350 077)
KRH  62Da/86a 0,5 km jv. H. Stavkova fluorit (CagoosY 0.002)F= 000
[LIB 84Cc/32b 4.5 km sz. Potstdtu gahnit (Zng75:.Fe 10sM g0 0ss) ALLooe O 000
KRH  62Bb/92c 4 km zsz. Ostrova n. O. chromit (Feo75sM 030620011 )(Cry jooF e1‘42xAlt).W‘)’I‘i(J.m)x)04_0()()
ORH  70Cd/20b Ikm j. Cervené Vody korund (Al 99, Ti0.003) O3 000
ORH  37Dc/18a 2 km jjv. Olesnice v O. h.  ilmenit (Feg.017Mng gasM2o 011 Sio.008) T 00103000
DOU  63Ca/80b 5 km vsv. Bochova perovskit Cag997 T 00103000
KRH  61Da/40 Skm jjv Hazlova rutil (Tin03sSno011Fe0.009V 0. 003N b 007) O2.000
KRH 40 Dc/66d 2 km j. Cinovce kasiterit (Sng gu1Feq 00 W 003) O 000
KRH  62Bc/32 4 km sz. H. Slavkova wolframit (Feq 526Mng 225Cay 00s) | Wo 05005 0n0
CRE 12-124/29 1.5 km jz. Jedomelic kutnohorit (Mny 67:Cag w3 Fen 107AL03sMZo.011) 1{Co.067510.033) Ox ol 2 000
CRE 12-223/7 1.5km vsv Veltrus celestin (Sro9mBag 031Cag003) So.99704 000l
CRE 13-221/12b Dolnf (:erllljlk)’ xenotim-(Y) (Y4993D¥0 031 Y bo g3z Erg 017G dg 015l ag 003U g 00aCe 001 Tho 6001 Po.930O 5 000l
LIB 96Aa/60 5,5 km zjz. PotStdtu monazit-(Ce) (CeqymsLagaysNdy 6 Prog3aTho023Cag 022 [Py gas=O 4 oo |
CRE  12-231/38> 2 km sv. Svermova goyazit (Sty.512Ce005Ca0 095B a0 006 20 058K 046N o 027Pb0 016) (Al se1Fe0 05

| (O H )(»‘ POEOI ”(P1)572Si().43]80,10‘)\/().()()7) O«HNN)’
CRE  14-332/50c 3 km z Litomygle florencit-(Ce) (Cegolag 352Ny 05281 172C a0 37) Al ool (OH )P 22380 022) O 00 2,000
SCV 02-432/75 2 km ssz. Polepfl (fluor—)apati[ (Cﬂ{-/mcen‘o‘uﬂCl().:(,9<F-OH~~»)().T.H‘((P1)f)().iSi(l.(mSo.o|~))O4,u(m)$,o()()|
LIB 81Cd/3 8 km v Mésta Libavé pyromorfit (P, 013Ca, 2)CL 1 1Py 9250 000) 2000 |
CRE  02-234/162  Ludvikovice u D&¢ina olivin (forsterit) (Mg, 75,Feq260C20.006M6 005sNig.004) Sio w71 O 000l
DOU  63Aa/49f 6 km sv Ti-andradit (Cas gesMe 0soMng o57) (Fey 54 Tigs0:AL313) [(Sio069Ti0,031) Os0n0]3.000
Ostrova nad Ohfi (melanit)
JZH 42 Be/9 Hradek nad Nisou zirkon (Z19.900HT5030) 1511 00104000
KRH  50Cc/102 2.5 km jz. Prebuzi topaz Al o551 (F. OHISE 4340 000
CRE 13-132/47a 3.5 km szz. Sadské staurolit (Fey Mgy 251200 66sMng 05 (Al 250 Tl 0s) [ COH IS oA Lo 170) O 000
CRE  02-H4/1 3 km ssz. Msena titanit (Cay yyoFeq 39 (T s23A L0 051 NBo g1l OIS 6730 000
DOU  63Ac/18f 10 km v K. Vart melilit (Cay onNag 175K o0 (Al 4 ,Mg, 17ﬂ}‘(‘( 200 T, 00 Mg o) [(Si so6Alo 293Py 011 O x|
ORH  69Ab/6 7 km jv. Dobrugky epidot Cay yso(FegonnAly 1ga) Al ol OTOHISIOLISH, 14907 ool
CRE  70Bb/7d 6 km jz. Uhelné Jjohannsenit (Mn, 5,,Cag 330Mey037Ko 013 T 071 (St g70A Lo 006) O 0001
CRE 12-241/16a  1,5km vsv magnesio- (Cay go7Nag 03K 020) (M ga seoFes 1 wAlg 37aMng 4 T 16)
[Lib¢ic nad Vltavou -hornblend [(OH. F)alAT 579Si7 332054 4001

CRE 14-3-41/53 5 km ssz. Svitav glaukonit (K 556Cag 1) (AT gorleq 0ssMEy 3010 HTOHDAISI 60,0 6,000
CRE 15-444/65a 3 kim j. Ces. Tésina ferdisilicit (synt.)  (Fegg33Alya07Crog04)Sina o
DOU  51Cc/84e 2 km jz. Perstejna kovové (CUg.5045M0.319Z N0 1 33CT 002 P01 3 Feonoe)

znecisténi
DRA  94Db/39b 2,5 km zjz. Plumlova nekovové (44.4% SiO,. 47.9 % PbO; 4.4% UO-; 3.3% Al,Oy)

znecistén( (sklo)
PHA  66Cc/44b Praha-Zabéhlice stérulka (muirit) 50,0 % BaO: 36.1 % 110,: 7.6 % Si0,: 4,7 % Ca0: 0.9 % SrO: 0,7 % Na,O

Zkratky dil¢ich tikold: ORH — Orlické hory, LIB ~ vojensky prostor Libavd. PHA — Praha, KRH — Krugné hory. DOU — vojensky prostor Doupov,
CRE - kfida, SCV — Severoceské vulkanity. JZH - Jizerské hory. DRA — vojensky prostor Drahany (Abraham et al., 2001)

Abbreviations of partial tasks: ORH — Orlické hory Mts.. LIB — army space Libavd. PHA — Prague. KRH — Krugné hory Mts., DOU —
Doupov. CRE — Cretaceous, SCV — North Bohemian volcanites. JZH - Jizerské hory Mts.. DRA -

army space

army space Drahany (Abraham et al.. 2001)
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vSech pritomnych stanovitelnych elementl. Kvantitativn{
stanoveni prvkll umoziuje ve v&winé pripadl scstaveni
stechiometrického vzorce. V ndbrusu je dale mozno sta-
novit slozeni povrchovych povlaki, sledovat zonalitu zrn
a urcit chemické slozeni inkluzi a odmisenin. Dalsi vyho-
dou je to, ze sc nale$ténd zrna analyzou nezniéi, terciky
jsou archivovany a je mozno se k nim kdykoliv vratit.
Nevyhodou této metody je, Zze nestanovuje dulezité lehké
elementy (Li, Be, B), takZe chemické slozeni turmalind,
dumortieritu a dalSich minerald je dopo¢itavédno na 2 prv-
Ky, coz snizuje kvalitu analyzy. Témé&r vylouceno je urcen{
napf. Li — turmalint (dopocet na 3 nestanovené prvky nenf
piipustny). Fluor lze stanovit jen kvalitativné, pocinaje
sodikem jsou obsahy stanovovdny kvantitativné. Stano-
veni uhliku (u karbondtl, ev. moissanitu) je provadéno
dopliujici metodou VDV (vlnové dispersni analyzator).

Touto metodikou bylo za poslednich 10 let stanoveno
chemické slozeni cca 650 mineralogickych fézi v rdmci
tkolu ,,Regiondlni Slichova prospekce Ceské republiky™,
priblizné 550 minerdlt z geochemického mapovani
ve stiednim [ranu, vice nez 200 minerdlG z geochemic-
kého mapovani v jz. Mongolsku a desitky minerdlnich
fazi z dalSich projekta.

Analyzy zlata véetné interpretace a fotodokumentace
jsou od pocdtku 70. let provadény v UNS Kutnd Hora.

V tabulce 2 jsou uvedeny piiklady stanoveni chemic-
kého slozeni nékterych béznych, ale i vzacnych minerali
nalezenych ve Slichovych vzorcich v ramei tkolu ,.Regio-
naln{ $lichova prospekce Ceské republiky™. V tabulce je
uveden dili tkol, ¢islo mapy 1 : 25 000 atd.

Rtg analyza

Dilezitou metodou pii uréovdni minerdlil je rentgeno-
metrickd analyza. Je nczbytnd pro jednoznac¢né odliseni
polymorfnich minerall (napf. pyrit — markazit, rutil -
— anatas — brookit, sillimanit — andalusit — kyanit). Bez

Rtg analyzy spolu s dalSimi chemickymi metodami nelze
oznalit analyzovanou fazi jako minerdlni druh. Doneddvna
bylo potieba k Rtg analyze pomérné velké mnozstvi
materidlu a to zcela homogenniho, coz bylo pfi analyze
Slichovych vzorkl problematické, zejména pro vzacné
a raritni minerdly. V posledni dobé v3ak jiz je mozno tuto
metodu Uspésné pouzivat i pro zrna o velikosti okolo
0,15 mm.

Jistou nevyhodou Rtg analyzy je, Ze materidl musi byt
rozetfen na analytickou jemnost 10-20 mikronfl, ¢im7 je
navrat k pavodnimu zrnu vyloucen. Minerdlni fdze je po
rozelfeni nancsena na folii, kterd je po analyze archivova-
na, takZe opakovand analyza je moznd.

Od poloviny 90. let jsou Rtg analyzy provadény na katedie
mineralogie. petrologie a geochemie PFF MU v Brné.

Zaver

Zminéné analytické metody usnadnily identifikaci mi-
nerdla ve Slichovych vzorcich a zna¢né podporily duveéry-
hodnost urovani minerdld a dalSich slozek koncentratu
t¢z7kych minerdll. Vyznamnym pfinosem z hlediska envi-
ronmentdlniho je uréeni chemického slozeni antropogen-
nich soucasti slichovych vzorkd (syntetické mineraln{
faze, kovové a nckovové znecisténi a tzv. stérulky). To
v kombinaci s analyzami tézkych kovua v podsitné frakci
Slicht umoziuje interpretaci antropogennich anomalif.

Metodika uvedenych analyz véetné pracovnich postupu

je podrobné popsdna v zavére¢né zpravé Abraham et al.

(2001).
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Heavy minerals and metallogenic model of territory
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Abstract

Heavy mineral prospecting represents throughout the years one of the very effective tools of the sur-
vey for the raw materials. With the help of mineralogical analyses we obtain direct indication of possib-
le presence of metallic or precious metals deposits as well as of deposits of specific industrial minerals.
Some of heavy minerals are also used for the different purposes in the area of special research or in

some cases for the geological maps improvement

Below presented article points out further possibilities of mineralogical analyses exploitation respec-
tively in the creation of simplified metallogenic model of studied territory. Starting point is represented
with mineral assemblages purposely set, describing different geological environments. On the basis of
simulation of interactions among these environments the metallogenic model of territory is established,
providing on the one hand simplified picture of its geo-tectonic setting and on the other hand delimita-
ting inhomogeneities of the geological environments. representing sections of the earth crust favorable

for the ore mineralization development.

Key words: heavy mineral prospecting. accessory minerals, metallogenic model, rock-forming minerals

Introduction

Heavy mineral prospecting belongs to the oldest methods of
exploration for raw materials. In the course of millenia its met-
hodics remains practically with no change, however it is its
usage who underwent important changes. At the beginning,
heavy mineral prospecting was aimed mainly to the direct
search for gold placers or respectively for primary gold minera-
lization. By time, these analyses for gold were completed with
the identification of other ore or pathfinder minerals, as arse-
nopyrite, cinnabar, scheelite, pyrite, etc. In the course of last
decades, the whole range of heavy minerals present in sample
is analyzed (minerals with specific density more than
2.85 g/em?), some of them being studied more 1n detail for the
purposes of the age determination of the geological processes
(zircon, garnet). Besides, some of them have broader applica-
tion in industry (garnet, corundum, sillimanite, ilmenite, etc.).

Last but not least, geological maps of covered terranes in
arid or semi-arid regions, where thickness of lateritic over-
burden exceeds several tens of meters and thus make geologi-
cal mapping difficult, are precised on the basis of heavy mi-
neral assemblages found in samples.

Since 1980s, in the geochemical department i Jihlava
(Czech Republic) analyses of heavy minerals in alluvial concen-
trates are used in different. untraditional way — as a tool for the
compilation of simple metallogenic model of territory studied.

Geological field and disturbances

In order to create metallogenic model, first of all it is ne-
cessary to introduce idea of the geological field. The geolo-
gical units present n the prospected area (formations, series,
strata, intrusive and dyke rocks, etc.), often characterized by
distinct physical properties, form altogether geological field.
This field resulted from mutual interactions of partial fields
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at lower level of hierarchy, i. e. of mass and energy fields.
Mass field generally reflects properties of mass character,
i. e. rock, mineral and element composition of objects, whereas
energy field describes their immaterial qualities, i. e. manifes-
tations reflected by various energy fields (gravity, magnetic,
thermal, total y-activity, etc.).

Metallogenic model

Mass field can be described in dependence of the scale of
work by means of trace element analyses. major element ana-
lyses or mineral analyses. On the scale of | : 50 000 to
1 : 100 000, as the best tool for the definition of mass field
seem o be minerals. Single mineral assemblages well charac-
terize distinct geological environments. Using these espe-
cially set up mineral assemblages one can simulate interac-
tion (physically intersection) of partial mineral fields resul-
ting in final mass field. Similarly partial geophysical fields
represented by regional measurements are used to define energy
field. Final geological field 1s afterwards created on the basis
of mutual interaction of all above mentioned partial fields.

The most frequent interactions of these partial fields repre-
sent a complex norm (typical or current relationships or
background) of the geological field. It is necessary to point
out, that this complex norm is dependent not only on the
concentration level of mineral. as usual. but also on frequency
of relationships with other minerals in assemblage. Devia-
tions from this complex norm correspond to the most dyna-
mic part of the geological field, i. e. to arecas, the most
favourable for mineralization development. We call them
inhomogeneities or disturbances of the geological field.

The intensity of disturbances of the geological tield is
proportional to the number of intersections of partial fields
and the resulting picture of disturbances represents the first
step of qualitative model making.
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In the second step, obtained disturbances are divided on
the basis of geotectonic setting into smaller sections and
these are studied more in detail from the viewpoint of all data
present (i. e. contents of elements and minerals, geophysical
measurements, rock types, alteration types, etc.). The charac-
teristics of individual sections are compared with the models
of known ore objects present in the territory or with general
models (literary) of ore deposits in analogous terrains. As
a final output, simple metallogenic model showing distribu-
tion of possible different types of mineralizations in studied
territory is obtained.

Above explained approach was applied successfully in ma-
ny regions both in the Czech Republic (Zelezné hory Mts.,
Svratka Dome, Barrandien and Hruby Jesenik Mts. regions)
and abroad (Cuba, Mozambique, Ethiopia, Iran, Greece).
Results of some of them are presented below.

Case histories

As case histories, the main results of data evaluation from
the Hruby Jesenik Mts. (Czech Republic), Wollega province
(Ethiopia) and Monapo region (Mozambique) are given below
in form of short demonstration. Delineated metallogenic zones
are simplified and presented in sketch map as narrow lines.

HRUBY JESENIK Mits. (Czech Republic)
Surface: 1313 km?

Prospecting methods applied: heavy mincral prospecting
(analyses for 37 heavy minerals and 17 elements in 1618 sam-
ples), airborn magnetometry and y-spectrometry (K 1sogrades).

Geological setting: dominant Cadomian crystalline units
(mainly biotitic gneiss locally migmatitized, muscovite-bio-
titic orthogneiss), Variscan volcano-sedimentary units (gab-
broid intrusives or cffusives of tholeiitic basalt character of
Sobotin Massif, basalt effusive rocks, Devonian clastic and
tuffaceous sedimentary rocks, rhyolitic cffusive rocks, limes-
tones, flysh) and granite of S type (Zulovd Massif).

Mineralization:

1. gold associated with pollymetallic stratitorm minerali-
zation (Zlaté Hory Mts. —west),

2. gold related to quartz veins and stockwork within meta-
morphosed Devonian volcano-sedimentary series (Zlaté
Hory Mts. ore district),

3. gold within low-grade sulphides in gneisseous meta-
morphic rocks (Zlaty Chlum deposit near Jesenik),

4. gold within low-grade sulphides associated with quartz
veins, stockworks and lenses in black shales (Suchd Rudnd
deposit) and gold placers,

5. Cu-Mo mineralization in blastomylonites (Vidly deposit).

6. base mectal mineralization in Devonian volcano-sedi-
mentary series (Hefmanovice deposit).

Resulis:

Kinematic graph was set up with the help of four mineral
fieids and two geophysical fields. Sketch map worked out
(see Fig. 1) shows branched network of metallogenic zones
of various trends. Most of all are expressed zones of NW-SE
orientation, correlating well with faults (from north to south
they coincide with Hefmanovice fault, marginal fault of Lugi-
kum and Béld fault) and zones of NE-SW trend and NNE-SSW
respectively, corresponding partly with shear zones (Rejviz,
Orlice, Sobotin and Vrbno shear zone respectively) and part-
ly with overthrusts (Ramzova and Nyznerov overthrusts).
Rare seems to be W-E trends, described by one zone only,
evaluated within the western part of territory.
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Fig 1 SKETCH MAP QOF THE MAIN METALLOGENIC ZONES HRUBY JESENIK Mts
.CZECH REPUBLIC AS-Andéiska hora Formation, VS-Velké Vebno Grouo, D-Vrbno
Member, ZP- Zulova Massif, Rv-Rejv(z Group, KE- Keprnik Group, SO-Sobotin

Massif, DE-Desnd Group, ZH-- map ndex 150 000 (Gauss-Kriiger) K mportant

ore showings and deposits | LI ~ metallogenic zone

Spacing of both metallogenic zones and branching points is
clearly dependent on the tectonic plan of Jeseniky block and
its geo-tectonic development. Excellent agreement between ore
deposits location and metallogenic zones positions illustrates
essential role of tectonics in ore-forming processes.

WOLLEGA REGION (Ethiopia)
Total surface: 1000 km?

Prospecting methods applied: heavy mineral prospecting
(analyses for 33 heavy minerals and 18 elements in 1265
samples)

Geological setting: Upper Proterozoic rocks represented by
mctamorphic rocks (mica schists, amphibolites, quartzitic
and amphibolic gneiss), by diorite complex (mainly northern-
most part), facies of low metamorphic grade (greenstone,
phylite, quartzite, sericitic schist, talk schist, graphitic
schist, marble, metatuff) and by intrusive rocks (gabbro.
diorite, granodiorite, granite, pegmatite). Younger units arc
represented by Tertiary basalts and Quaternary sediments.

Mineralization:

1. Au placers

2. Au associated with low-grade sulphidic mineralization

(Cu-Zn)

3. Au related to quartz veins

4. Cu-Zn mneralization

Results:

In the casc of Wollega region, kinematic graph was set up
with the help of three mineral fields only because no geo-
physical data were accessible on the scale of work. The most
expressed disturbance of the geological field 1s represented
by broad metallogenic zone of NNE-SSW trend (see Fig. 2),
displaced in the northern part more to the west along strike-
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Fig 2 SKETCH MAP OF THE MAIN METALLOGENIC ZONES WOLLEGA-ETHIOPIA |
[T metallogenic zones of regional importance, ——e metallogenic zones

of local importance, =— strike-shp fault zone, * important ore showings and

deposits
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Fig 3 SKETCH MAP OF Cr Ni Zn ELEVATED CONCENTRATIONS IN STREAM
SEDIMENTS WOLLEGA-ETHIOPIA [ZZZ3 cra 60 ppm (upper part ), Cr=1700 ppm
‘Hower port) SO Nz 130 ppm L] Zn = 1800 ppm, === strike stip foult

slip fault and crossed by numerous zones of W-E trend. Du-
ring the field work no indications supporting its presence
were found, probably due to the thick lateritic overburden.
Elevated contents of Cr, Zn and Ni copy very well the course
ol this zone (see Fig. 3) and thus 1dea about suture of early
stage of area development, healed with basic or ultrabasic
rocks was accepted.

All important ore idications are located along delineated
zones, preferably near crossings of W-E zones with
NNE-SSW broad zone.

MONAPO (Mozambique)
Surface: 1650 km?

Prospecting methods applied: heavy mineral (analyses for
48 heavy minerals in 1878 samples) and stream sediment
(analyses for 21 element 1n 6788 samples) prospecting,
airborn magnetometry, total y-spectrometry.

Geological setting: Namialo Formation (mainly amphiboli-
tic-biotitic gnerss with garnel. biotitic gneiss) 1n western
part, covered partly by Metocheria Formation (dominating
pyroxene-amphibolitic granulites, amphibolites, biotitic

gneiss. syenite gneiss), Ramiane Formation in eastern part
(biotite to amphibole-biotite migmatitized gneiss with gar-
net, amphibolites, sillimanitic gnerss) and Evate Formation
(brotitic, amphibole-biotitic to brotit-amphibolitic migma-
titized gneiss, sillimanitic gneiss, marbles. pyroxenes, ser-
pentinites) in the central part of territory. Intrusive rocks are
represented by older gabbroid rocks (Metocheria Formation)
and younger granitords (Evate Formation).

Mineralization:

. pegmaltite with amazonite, aquamarine and clevelandite,
. carbonate related apatite,

. Fe-ores,

. Cu, Ba, Au showings.

. graphite.

Results:

Heavy mineral and geochemical survey were aimed mainly
for apatite and graphite accumulations discovery. Geological
field was simulated in this case by means of four mineral fields
and one geophysical field. Besides, three element assemblages
were also set and studied. As a result several zones were deline-
ated of different trends. Among the most expressed are N-S
ortented zone (see Fig. 4) branched in its southern part,

N e —
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Fig 4 SKETCH MAP OF THE MAIN METALLOGEMC ZONES MONAPO  MOZAMBIQUE

——= well pronounced metallogenic zones, === suppressed or supposed course

cf metaliogenic zones
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Fig 5 SKETCH MAP OF PHOSPHORUS AND APATITE ELEVATED CONTENTS MONAPO
MOZAMBIQUE =——= well pronounced mefallogenic zones, = =*= suppressed

or supposed course of metallogenmic zores, [T apatite = 5gim, P = 0Cpom,

geological units boundary, K importunt Ore Showings anc deposts

NW-SE and NNW=SSE zones and finaly ENE-WSW zone. All
of them cross each other within northern part of area, this cro-
ssing representing the most promising terrane for mineraliza-
tion discovery. Known apatite deposit is located within the
southern part of NNW-SSE trending zone.

Very interesting result provides comparison of zones posi-
tion with distribution of elevated contents of apatite and
phosphorus (see Fig. 5). Without more detailed comment the
most favourable area for apatite mineralization is clear. Situa-
ted at the crossing of delineated zones, this area is associated
with extended basic mtrusion characterized in samples by ele-
vated contents of pyroxenes, amphiboles, ilmenite, garnet,
magnetite and spinelides, and apatite-magnetite-silicate type
of mineralization is supposed to be found there. New carbonate-
-related mineralization is also supposed along NW-SE tren-
ding zone. Besides, weak base metal mineralization was eva-
luated at the endings of ENE-WSW and NNW-SSE trending
zones.

Conclusions

Above presented results of heavy mineral data treatment
from various countries of different geological setting and

distinct weathering conditions exemplified broad possibili-
ties of successful application of this prospecting method in
the area of simple metallogenic model creation and subse-
quently i definition of the most promising areas lor the
follow-up programs.
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Vplyv zrudnenia banskostiavnickej oblasti na zloZenie riecnych sedimentov

SILVESTER PRAMUKA
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(Dorucené 12, 10. 2001)

Influence of ore mineralization in Bansk4 Stiavnica region on stream sediments composition

Banskd Stiavnica region is well known by its historical ore exploitation. The presence of ores in the
area is reflected in stream sediment composition as well. In this report we describe a distribution of Au.
Ag. As. Bi, Cd. Cu, Pb an Zn in stream sediments. On the basis of anomalies we distinquish four areas
characterized by anomalous values of different elements. These are: Vyhne stream area (anomalous
values of Ag and As in stream sediments): Hodru$a stream area (anomalous values of Bi, Cd, Cu. Pb
and Zn): Stiavnica stream area (anomalous values of Au. Ag. As. Cd. Cu, Pb and Zn); Jasenica stream
area (anomalous values of Cd). We do not observe a correlation between anomalies and mineral com-
position of veins in this region. The different composition of stream sediments of selected areas has
been mostly affected by technique of mine exploitation and ore dressing in the last century.

Key words: stream sediments, Banskd Stiavnica region, distribution maps. anomalies of Au, Ag. As, Bi.
Cd. Cu, Pb. Zn

Uvod Distribicia prvkov v banskostiavnickej oblasti
V sucasnosti sa dokoncievajd prace v ramci slichového Statistickd charakteristika prvkov

vyskumu Slovenskej republiky, ktoré prebiehali dlhs{ ¢as

a pokryfi takmer celé tzemie Slovenska. Vykonavali sa Statistické vysledky vybranych prvkov v rie¢nych sedi-
v pomerne detailnej sieti a v 2. etape ich sucastou bol aj mentoch banskoStiavnickej oblasti uvadza tab. 1. Medidn,
doplnkovy vyskum rie¢nych sedimentov odoberanych aritmeticky a geometricky priemer sa navzajom velmi od-
v blizkosli miesl odberu $lichovych vzoriek. Od roku liSuji. Rozdiely sved¢ia o lognormalnom rozdeleni pocet-
1991 sa rieSia projekty zamerané na Zivotné prostredie nosti obsahu prvkov, ¢o je pri stopovych prvkoch bezné.
a ich sicasfou je aj vyskum chemického zloZenia rieé- Pre prvky v banskoStiavnickej oblasti je vSak typicky vy-
nych sedimentov kvantitativnymi chemickymi metédami soky priemerny obsah prvkov v porovnani s tdajmi z ce-
s nizkymi detekénymi limitmi stanovovanych prvkoy. I€ho sdboru riecnych sedimentov geochemického atlasu.

Tab. 1

Zdkladné Statistické ddaje a korelatna matica sledovanych prvkov v rie¢nych sedimentoch
Principal statistic data and correlation matrix of observed elements in stream sediments

Prvok Pocet Aritmeticky Geometricky Median Smerodajnd Koeficient Minimum Maximum
stanoveni priemer priemer odchylka varidcie
Au 126 0,10 0.02 0.02 023 226.76 0.05 1.5
Ag 143 1,90 0.23 0,16 542 285.82 0.04 36.9
As 276 13.07 3.61 4.00 2624 200,87 0,1 185.0
Bi 276 0.53 0.28 0.20 0.94 178,28 0.1 9.0
Cd 276 3.3 0.56 0.50 9.89 316,11 0.1 102.0
Cu 276 93,95 41.37 30.00 224.67 239,14 6 2100.0
Pb 276 14334 46.89 34,00 375.87 262.23 | 3178.0
Zn 276 481.30 168,76 118.00 117529 244,19 1 11 500.0
Au Ag As Bi Cd Cu Pb Zn
As 0.243 0.502 1.000
Bi 0432 0.070 0.146 1.000
Cd 0.348 0.436 0.221] 0.354 1.000
Cu 0.295 0,264 0,210 0.573 0.881 1.000
Pb 0.590 0.536 0.304 0,490 0,833 03819 1,000
Zn 0.349 0470 0.170 0,458 0,782 0,759 0.804 1.000
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Obr. L. Distribucta Au a As v rie¢nyech sedimentoch banshostuay niche) oblast s vy /nacenim priebehu

rudnych zil

Fig. 1. Distribution of Au and As in stream sediments 1n the Banskd Suavnica area with demonstraton

ol ore veins course

aj ked” maximdlny obsah sledovanych prykov — okrem
Pb —sa zistil v inych regidnoch Sloyenska.

Z horelacnej matice v tab. | je srejmd strednd kladnd
korelacia medzi dyvojicami As — Ag. Pb — Au, Pb — Ag
a Cu — Bi a pohybuje sa od 0,5 do 0,38. Ich zdvislost
v distribicii prvkov v celom regidne je nahodnd, ale medzi
Cd, Cu, Pb a Zn vysokd. Ide o prvky vystupujice v UZit-
kovej zlozke tazenych rdd, a tak je ich distribicia v sledo-
vanej oblasti rovnaka.,

Plosna distribucia prvkov

Z korela¢nej malice je zrejmé, Ze prvky nie sd v regié-
ne zastipené rovnako. Odlisné je vystupovanie Ag. Au,
Bia As a ostatnych prvkov (Cd, Cu, Pb, Zn), ktoré maju

podobnu distribuciu. Plo$nu distribuciu Au a As ilustruje
obr. 1. Vys3i obsah Au je sledovatelny v okoli Banskej
Stiavnice a na pritohu Hodrusského potoka v oblasti kéty
Sipovd. ale smerom k dolnym ¢astiam tokov obsah Au
klesd.

Odlisnd je aj distribticia As. V oblasti Banske] Stiavnice
je vySsi obsah As, ale maximdiny je v oblasti Vyhnian-
skeho potoka (vrchnd Cast toku a priamo v osade Vyhne).
Distribicia Ag miestami kopiruje anomdlny obsal Au aj
As. Najvyssi obsah Ag sa zistil v oblasti Banskej Stiavni-
ce, ako aj pri osade Vyhne a pozdfi Hodrusského potoka.
Distribicia Bi je od distribuicie predchadzajicich prvkoch
vyrazne odliSnd. Zistila sa nespojitd anomdlia pozdlz
Hodrusského potoka, ako aj anomdlia vo vzorkach odo-
bratych pod Banskou Stiavnicou. Ostatné pryvky (Cd., Cu.
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Obr. 2. Zisteny obsah analyzovanych prvkov v riecnych sedimentoch odobratych v doline Vyhnianskeho potoka (1). Hodrus-
ského potoka (2), Stiavnice (3) a Jasenice (4). Sivd plocha — rozsah minimum — priemer + smerodajnd odchylka. v ploche
vyznacend hodnota aritmetického priemeru.

Fig. 2. Content of analysed elements from stream sediments sampled in the Vyhniansky potok valley (1). Hodrusa stream

(2). Stiavnica (3) and Jasenie (4). Grey area — range minimum — average + standard deviation, in the area is imprinted the
value of arithmetical average.
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Tab. 2
Porovnanie aritmetického priemeru, minimdinej a maximadlnej hodnoty v rie¢nych sedimentoch oblasti Vyhnianskeho potoka (1).
Hodrusského potoka (2), Stiavnice (3) a Jasenice (4)
Comparison of arithmetic average. minimal and maximal value in stream sediments from the area of Vyhniansky potok valley (1).
Hodrusa stream (2). Stiavnica (3) and Jasenie (4)

Lokalita Au Ag As Bi
priemer minimum maximum priemer minimum maximum priemer — minimum maximum  priemer — minimum maximum
1 0,16 0.05 0,65 2.48 0.04 21.20 42.55 1.0 185.0 035 0.1 0.8
2 0.16 0.05 0.80 2,17 0.04 9.95 16.29 1.0 64,0 1.54 0.1 9.0
3 0.30 0.05 1.50 6.01 0.02 36.90 14.55 0.1 120.0 0.49 0.1 5.0
4 0.08 0,05 035 0.29 0.04 0.84 6.25 0.1 33.0 043 0.1 1.2
Lokalita Cd Cu Pb Zn
priemer minimum maximum priemer minimum maximum priemer  minimum maximum  priemer — minimum  maximum
1 1.83 0.1 6.0 60.3 8 260 92.7 13 600 302,0 39 830
2 471 0.1 47.0 194.1 19 1563 198.2 4 2125 704.5 75 7800
3 6.70 0.1 47.5 1255 9 938 3815 10 3178 1078.4 38 6175
4 471 0.1 29.5 62,8 14 185 182.2 14 878 611.1 | 2988

Pb a Zn) maju podobnu distribtciu. Plosné anomdlie sa
zistili v dolnej aj hornej Casti Hodrusského potoka, pri
Banskej Belej a v oblasti Stiavnické Bane — Banskd
Stiavnica — Antol.

Z mdp distribdcie prvkov je zrejmé ich nepravidelné
rozmiestnenie v regione. Regién s vyvojom Zil v bansko-
Stiavnickej oblasti povodia jednotlivych potokov sa priro-
dzene ¢leni na niekolko oblasti. Priemerny, minimalny
a maximalny obsah sledovanych prvkov oblasti uvddza
tab. 2 a graficky zndzornuje obr. 2. Zobrazeny je rozsah
obsahu jednotlivych prvkov. Sivd plocha predstavuje
interval ohrani¢eny minimom a aritmeticky priemer + sme-
rodajnu odchylku a ¢iarou je v nej naznaceny aritmeticky
priemer. Podla mdp distribicie aj obr. 2 je charakteristicky
takyto obsah prvkov: v oblasti Vyhnianského potoka Ag
a As, Hodrusského potoka Bi, Cd, Cu, Pb a Zn, Stiavnice
Au, Ag, As, Cd, Cu, Pb a Zn a v oblasti Jasenice Cd
a zvySeny obsah Pb a Zn.

Koreldcia anomalii so Zilnymi Struktirami
banskostiavnickej oblasti

Stru¢na metalogenéza sledovanej oblasti je v praci
Buriana et al. (1985). Obsahuje aj zondlnost oblasti. Zau-
jimavé je delenie zony zalozené na archivnych tdajoch
o dlhodobej tazbe (Stohl, 1959, in Burian et al., 1985).
Podla neho v oblasti rozlisujeme:

1) centralnu zénu (Cu) — najvyssie termdlnu — okrem

Cu je v nej charakteristicky stopovy obsah W, Sn a Bi,

2) Pb-Zn-Cu zbnu,

3) Ag-Au zénu so sirnikmi Ag a

4 periférnu Au-Ag zénu tvoriacu okraj metalogenetickej

provincie.

Vo vy¢lenenych oblastiach vystupujd niektoré Zily
banskoStiavnickej oblasti celym svojim priebehom, no
CastejSie ide iba o Cast zil. V oblastiach podla obsahu

prvkov v minerdloch Zil nemoZno prednostne ofakavat
zvyseny obsah prvkov, lebo mineralizacné etapy zil sa
navzdajom prekryvaji. Sucasnd distribtcia sledovanych
prvkov sa nedd korelovat s niektorymi zo zil v regidne.

Zaver

V rie¢nych sedimentoch banskoStiavnickej oblasti moz-
no podla sledovanych prvkov vyclenit Styri oblasti s ne-
rovnakym zastlpenim prvkov. Vyvoj identifikovanych
anomdlil mozno vysvetlit distribtciou prvkov v rudnych
Zilach, sposobom fazby a upravy rid v oblasti. Doneday-
na dochddzalo k distribdcii prvkov len na isté miesta, kde
sa koncentrovali tazobné a upravnicke zdvody (Banska
Stiavnica, Hodruga), a tam sa eite aj v stcasnosti zistuje
vysoky obsah v minulosti tazenych prvkov. V ostatnych
oblastiach sa transportom a migraciou obsah prvkov, ktoré
sa do prostredia ustavi¢ne nedopltiajd, znizuje. Vy3si
obsah Cd v oblasti Banskej Belej (na toku Jasenica) sa da
pripisat uUlozisku odpadu po spractvani rid. Distriblciu
uvedenych prvkov takymto spdsobom mozno dokumen-
tovat aj jednoprvkovymi mapami Cd, Bi, Cu, Pb a Zn
v geochemickom atlase (Bodi$ a Rapant, 1999; Pramuka
et al., 1999), v ktorych si pozorovateIné vyrazné anomdlie
pozdlz Stiavnice az do jej tstia do Ipla, ako aj anomdlic
pozdlz Hodrugského potoka, pokracujiice dalej v Hrone.
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Thorium a uran ve Slichovych koncentratech a jejich vyznam
pro geologii a zivotni prostredi
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(Dorucené 15. 8. 2001)

Th and U contents in heavy mineral concentrates and their impact
on geology and environmental hazards

The contents of the radioactive elements Th and U of heavy mineral samples are measured for the
project "Regional heavy mineral prospection in the Czech Republic” managed by GEOMIN Company
Jihlava. A new sensitive method was developed in the lab of EXPLORANIUM CZ. allowing to determi-
ne contents of Th and U in specimens of the weight ranging from 0.5 to 10 g. Seven maps characteri-
zing the radioactivity of heavy mineral fraction are created for each sheet of the geographic map of
the scale of 1 : 200 000 using computer There are completed four maps of distribution of Th and U in
the heavy mineral fraction measured, both magnetic and non-magnetic ones, two maps of distribution of
Th and U re-calculated using the volume of sediment used for heavy mineral analysis, and one map of
Th/U ratios. The maps of re-calculated data provide a suitable basis for comparison with the radiometric
geophysical maps. the maps of Th/U ratios show the regional changes in the composition in the assem-
blage of radioactive accessories in the heavy mineral fraction. As it follows from the preliminary inter-
pretation of the Moldanubian area. the anomalous contents of Th and U can indicate presence of some
highly radioactive veins, layers or impregnations in the host rocks of plutonic and/or metamorphic
origin. The regional changes in Th/U ratios can reveal some petrologic changes and inhomogeneity of
plutonic and metamorphic units. Some environmental hazards are also indicated from the comparison
between distribution of Th and U found in heavy mineral fraction and the radiometric geophysical
maps. The study of heavy mineral samples of the recent flood sediments in the Hornomoravsky uval
region represents an example how the measurements of the contents of Th, U and Cs-137 can be useful
for environmental purposes. The Czech Republic represents the only country in the world with the whole
territory covered by heavy mineral prospecting.

Key words: regional heavy mineral prospecting. heavy mineral concentrates, Th and U measurements,
gamma ray spectroscopy, maps of distribution of Th and U, Th/U ratios, geological interpretation.
radioactive hazards

Uvod I 200 000 a ve formé svodnych map | : 500 000.

Z technického pohledu Ize tento rozsdhly program usku-

Regiondln{ §lichovd prospekce byla v Ceské republice
zahdjena v poloviné 60. let. V soucasné dobé je touto
metodou pokryto celé statni tzemi. Vysledky jsou kom-
plexné zpracovdny a prezentovany v méfitku 1 : 50 000,
1':200000a I : 500 000 v jednotlivych etapovych zpra-
vich a v souhrnné zavére¢né zpravé (Abraham et al.,
2001). Posledni {4zi lichové prospekce v CR predstavuje
méfeni radioaktivity koncentrdti tézkych minerdll, které
bylo zapo¢ato metodickou etapou v letech 19961997
a od roku 1999 je systematicky realizovdno na celém tze-
mi republiky v rdmci statnfho tkolu geologickych praci
“Regiondlni §lichova prospekce CR”, jehoz feditelem je
firma GEOMIN druzstvo Jihlava. Do poloviny roku 2003
projekt predpoklddd prométeni celkem 30 000 $lichovych
vzorki a komplexni zpracovdni, prezentaci a interpretaci

vysledkilt po jednotlivych mapovych sekcich v méFitku
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te¢nit hlavné diky dokonale zvladnuté metodice méfenti,
kterd byla vypracovdna $pi¢kovymi odborniky v laboratofi
fy EXPLORANIUM CZ, s. r. 0. Brno. Metodika labora-
torni spektrometrie gama je zalozena na vyuZiti studno-
vych krystald. Umoznuje efektivni a dostate¢né citlivé
méfeni obsahu Th a U ve vzorcich s malou hmotnosti,
coz je pravé piipad koncentratu tézkych mineralt.

Charakteristika Slichového vzorku

Slichové vzorky o objemu 10 litrii byly odebirdny
z recentnich sedimentd vodnich toka. Odebrany materidl
byl propirdn na 2 mm sité. Nadsitnd frakce > 2 mm byla
na misté likvidovdna. Frakce <2 mm byla pecliveé odkalena
a vyryzovana do “Sedého” Slichu. Ususené koncentraty (&z-
kych minerdld byly zrnitostné upraveny na sité¢ 0,15 mm.
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Jemnd frakce < 0,15 mm byla pfeddna ke spektraln{ ana-
Iyze na stanoveni vybranych chemickych elementd. Frakce
o zrnitosti 0,15-2 mm byla magnetickou separaci roz-
délena na ferromagnetickou, magnetickou a nemagnetic-
kou frakci. Separaci v bromoformu byly z nemagnetické
frakce odstranény vSechny lehké mineraly a nasledné pro-
vedeny barvici testy na baryt a kasiterit. V magnetické
frakci byl barven wolframit. Takto zpracované koncentraty
tézkych minerald byly predany k mineralogické analyze,
resp. k méreni spektrometrie gama.

Metodika méreni
Priprava vzorki

Vzorky magnetické a nemagnetické minerdlni frakce
jsou navazovany do PE zkumavek o priméru 12 mm
X 95 mm. Idedlni navaZzka vzorku je kolem 5 g, ovSem
vétSinou ji nelze dodrzet, protoze vytéznost Slichovych
frakci se pohybovala v Sirokém rozmezi od nékolika mili-
gramu do desitek grami. U vzorkl s velikou hmotnostf
se po homogenizaci mechanickym promichdanim navazi
do zkumavky ¢dst do 10 g, ostatni vzorky se méfi celé.
Ze zkuSenosti vime, Ze je mozné ziskat spolehlivou in-
formaci o obsazich Th a U i u prakticky nicotnych vzor-
ki, jestlize je jejich radicaktivita dostatecné vysokd. Po-
kud jsou vSak obsahy Th a U nizké, Ize spolehlivé méfit
jen navazky vetsi nez | gram.

Metodika laboratorni spektrometrie gama

K meéfeni je pouZit scintilatni spektrometr Explorania
GR-320 LAB se studnovym detektorem Nal(TI) R 76
X 76 mm o rozliSeni 6,7 %. Pozadi je potlaceno olovénym
stinicim krytem o tloustce 9 cm, ktery je zabudovan
do specidlniho vyméniku vzorka s kapacitou 100 zkumavek.
Systém je fizen externim PC, na kterém bézi modifikovany
program méfeni, umoznujici automatickou vyménu zku-
mavky po jejim zméfeni. Naméfend 512-kandlovd spektra
Jjsou ukladdna do paméti PC k pozd&j$imu vyhodnocent.
Doba méfeni je obvykle 13 az |5 minut, coz umoziuje
méfit tydné asi 250 vzorkd, tedy 500 zkumavek. V jednom
davkovém cyklu se pamatuje i na méfeni pozadi, které je
rozhodujici pro konecnou citlivost stanoveni. UloZend
spektra jsou zpracovdna metodou vdzenych nejmensich
Ctvercl, kdy je naméfené spektrum fitovano linedrni kom-
binaci jednotkovych spekter stanovovanych komponent,
tedy porovndvano s naméfenymi spektry etaloni Th,
U(Ra) a etalonu pfirodniho U.

Stanoven] thoria je celkem jednoduché, pfirodni mate-
ridly jsou vétSinou v radioaktivni rovnovaze a intenzita
zdfeni gama na piku 239 keV a 2,61 MeV je v piimém
vztahu k obsahu Th v analyzovaném materialu.

Stanoveni uranu je komplikovangj$i. Dosti dlouhé
poloCasy pfemény Th-230 a Ra-226 zpisobuji, Z¢ v piirodé
nemusi byt aktivita Ra-226 stejnd jako aktivita matef-
ského prvku — uranu. Dalsi komplikacf je to, 7¢ Rn-222
s poloCasem premény 3,84 dne muze ze silné zvétralych
vzork{ unikat emanovanim. V laboratofi se proto vzorek

umistuje do hermeticky uzavieného pouzdra a vycka se
do ustaleni rovnovdhy mezi Ra-226 a Rn-222 (dcefiné
produkty premény radonu maji daleko kratSi polocas
premény neZ radon a proto jsou s radonem za t€chto pod-
minek vzdy v rovnovdze) a z intenzity piku na cnergiich
205-352 keV, 609 keV a 1,76 MeV se stanovi obsah
radia, ktery se z praktickych divodi vyjadiuje v ekviva-
lentnim obsahu uranu — stanovi se tedy hodnota U(Ra).

Nezavislé stanoveni uranu na radiu je mozné proveést
jen méfenim velmi mdlo intenzivniho zdfeni Th-234
o energii asi 93 keV a izotopu U-235 s pikem na 185 keV.
Méfen/ tohoto zéfeni je ovlivnéno pomérné intenzivnim
rtg. zdfenim ostatnich radionuklidt, a proto je stanoveni
uranu nezdvisle na radiu zatizeno daleko vétsi chybou nez
stanoveni radia.

Z dosavadnich méfeni mineralogickych frakci se ukazu-
je, 7e radioaktivni rovnovaha mezi Ra-226 a U-238 je
obvykle zachovdna, a Ze hodnota U(Ra) nejlépe vystihuje
skute¢ny obsah U ve vzorku a je proto pouzivdna pro
konstrukci map. V dal$im textu je oznacena jako U.

Spektrometr proSel typovou zkouskou a je pravidelné
ov&fovan CMI Brno, I1Z v Praze. Za vy$e uvedenych pod-
minek lze ve vzorku s nizkou radioaktivitou stanovit s re-
lativni chybou 30 % tyto obsahy Th, U(Ra) a U-238:

navazka (g) Th (ppm) U(Ra) (ppm) U-238 (ppm)
0.5 80 27 105
1.0 37 13 50
2.0 17 7 25
5,0 10 3 15

Mapové vystupy a interpretace

Namérené jednotkové obsahy Th a U (v ppm) pfedsta-
vuji pro kazdy cely mapovy list 1 : 200 000 soubor asi
30 000 dat, kterd jsou ddle prendSena do databdze k nasled-
nému matematickému a grafickému zpracovani. Podle
programii. GEOMIN druzstva Jihlava a programu
dr. Svancary byly puvodné (v rdmci metodické etapy v roce
1997) konstruovdany mapy distribuce Th a U (v ppm)
a mapy poméru Th/U ve sloucenych frakcich, v soucas-
nosti jsou tyto mapy konstruovany oddélené pro magne-
tickou a nemagnetickou frakci. Mapy distribuce Th a U
presentované v ppm jsou sice primdrnimi daty a dobie
charakterizuji méfenou frakci slichu, ale nezohlednuji
jeho hmotnost. Proto jsou také sestavovdny mapy obsaht
Th a U prepocitané na objem 10 1, které jsou vychozim
materidlem pro porovnani distribuce Th a U ve Slichdch
s aeroradiometrickymi mapami. Mapy poméru Th/U jsou
sestavovany proto, Ze nejlépe ze vSech odrazeji zmény
v kvalit¢ radioaktivnich akcesorif, nebot pomér Th/U je
na hmotnosti méfené frakce nezavisly. Dosud jsou zpra-
covéany do stadia vyslednych map [ : 200 000 data z listl
23 Jihlava, 22 Strakonice, 33 Trebon a 21 Klatovy.

Naméfend data prokazuji, Ze obsahy Th a U ve §licho-
vych koncentratech jsou o jeden az tii fady vy$sSi nez
v matecnych hornindch. Poméry Th/U jsou rovnéz
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pon¢kud vyssi, posunuté ve prospéch Th (medidn priblizné
okolo 3).

Ackoliv se pivodné ofekdvala uréitd korelace mezi ob-
razem distribuce Th a U, ktery poskytuje spektrometrie
gama a tim, ktery davaji mapy Th a U Slichovych kon-
centrdtd, jiz prvni mapovy list (Jihlava) pfinesl prekvapivé
zjiSténi, Ze tato korelace neexistuje. Distribuce Th a U
v méfené frakci Slichu poskytuje zcela jiné a nezastupitelné
informace, které, jak se ukazuje, mohou byt velmi dobie
vyuzity jak pro ryze geologické tcely, tak i v problematice
ZP. Rozdil je zplsoben tim, Ze asociace radioaktivnich
minerdld Th a U, kterymi jsou ve znacné mife akcesorie,
doznala pfi Slichovan{ a ndsledné Gpravé znanych zmén.
Prvni zmény nastavaji jiz pfi vétrani a redepozici zvétra-
lin de$tovymi rony a drobnymi vodnimi toky. Nékteré
minerdly se pfitom rozpadaji, transformuji, jemné Castice
jsou unaseny vodnimi toky na vétSi vzdélenosti. Pfi §li-
chovanf se ztraci biotit s radioaktivnimi mikroinkluzemi.
V surovém Slichu nenf zastoupen z aktivnéjsich akcesorif
allanit, ktery je koncentrdtorem vzdcnych zemin i Th
a predevSim vétSina uranovych minerdlad (Heinrich,
1958). Dalsi zmény v asociaci Th-U-minerdll nastaly pfi
upravdch a barveni, separaci v tézkych kapalinach pod-
statné ubylo béhem této procedury hmotnosti nemagne-
tické frakce, i kdyZ se na druhé stran¢ jeji radioaktivita
zvysSila. V8echny tyto zdanlivé negativni procesy vsak
poskytly velmi stabilni asociaci radioaktivnich minerdlQ
v zkoumaném Slichu, kterd je prekvapive specificka pro
ur¢ité petrologické nebo i strukturné-tektonické jednotky
a zony. Podle radioaktivity $lichl se rozclenuji granitové
plutony, liS{ se ruzné useky krystalinika, projevuji se
ucinky zaplav v okoli velkych fek. A kromé toho jsou to
pravé velké diference v obsazich a poméru Th a U, které
indikujf urcité riziko pro ZP.

Geologicky vyznam slichovych anomalii Th a U
Projevy granitt a Zilnych hornin v radioaktivité Slicha

Prikladem granitového plutonu, ktery se podle radioak-
tivity Slichu projevuje jinak, nez by se podle stdvajicich
petrologickych poznatkl i spektrometrie gama o¢ekévalo,
je v ramci mapového listu Jihlava predevsim centrdlni
moldanubicky pluton — CMP (obr. la). Nejpozoruhodnéj-
Sim jevem je obloukovitd struktura se zvySenymi jednot-
kovymi obsahy Th a U, v jejimz rdmci se vyskytuje
nékolik anomdlif dil¢ich. Ohrani¢end je pii vnéi3im
obvod¢ piiblizné spojnici Jindfichiv Hradec—Zirovnice—
—Horn{ Cerekev—Ttes(-Tcl¢. V mapé pomért Th/U se
projevuje zvySenymi az anomalnimi hodnotami (obr, 1b).
Zdroj nen{ presné zndm, nebot mrdakotinsky typ, ktery
buduje stiednf partie CMP, obsahuje v pruméru jen 8,8
ppm Th a 3,2 ppm U (Breiter et al., 1998). Je mozné, Ze
se n¢jaké silnéji radioaktivni Zilné horniny vyskytuji
na svazich Jihlavskych vrchu, ¢emuz nasvédCuje Breiterem
nalezeny drobny vyskyt thoriem bohaté Zuly v mrdkotin-
ském typu (obr. la). Pravdépodobné bude existovat spole¢-
ny zdroj s anomalif La zjisténou jiz diive spektralni analy-
zou jemné frakce Slichi. Ta je sice posunuta ponékud
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k JZ, aviak rozdily v pozici mohly byt ddny urcitou zonal-
nosti podle zrnitosti. Slichy z tohoto tdseku jsou dosti
bohaté na monazit, vyskytuji se obsahy az 500 g/m?. Také
zirkon vykazuje zvySend mnozstvi, do 50 g/m?, pficemz
anomalie zirkonu vytvdi podobné jako Th a U okrouhlou
strukturu, kterd vSak je téméF Gplné véncovitd a opCt se
stfedem v Jihlavskych vrsich. Vzhledem k tomu, Ze ne-
radioaktivni minerdly maji v méfené frakci z této ¢asti plu-
tonu zna¢nou hmotnost a stinf tak d¢inek radioaktivnich
akeesorif, 1ze $lichové anomdlie Thi U (v ppm) povaZovat
za vyznamnou indikaci pFitomnosti dosud vcelku nezna-
mych, nejspise zilnych, radioaktivnich hornin.

Na rozdil od vy3e uvedené anomdlie jsou obsahy Th
(100-500 ppm) a U (do 100 ppm) Slichli v ostatnich ¢ds-
tech plutonu relativné nizké. Vyznamné regiondlni zmény
se projevily v CMP v hodnotdch poméru Th/U. V nejse-
verngj§i asti plutonu se veelku dobie, i pfes urCity po-
sun, projevuje slupkovita stavba melechovského masivu:
Th a U ve $lichach z centra (typ Melechov, Stvoridla)
jsou nizké a velmi nizké jsou i poméry Th/U. Smérem
k okrajim obsahy stoupaji a stoupd i pomér Th/U (typ
Kouty, Lipnice), i kdyZ ne tak vyrazné, jak by odpovidalo
pfirozené radioaktivité. Podle vysledkl laboratorni spektro-
metrie gama obsahuji zuly typu Stvofidla 4,0 ppm Th
a 35,1 ppm U, Zuly typu Melechov 3,0 ppm Tha 5,1 ppm U
a zuly z okrajii masivu bez rozli$eni 33,3 ppm 'T'h, 6,6 ppm
U (Ondra a Sramek, 1995). V okrajovych partiich mele-
chovského masivu jsou v mapdch minerdlt Slichové pros-
pekce zfeteln& zvysené obsahy monazitu, rutilu a grandtu,
zejména ilmenitu, od 50 do 500 g/m® a misty i titanitu
a proto radioaktivni akcesorie jsou jimi silné stinény
a prisludny efekt v mapdch distribuce Th a U je proto
zeslaben. ZvySenymi poméry Th/U, od 5 do 10, se proje-
vuje lipnickd Zula. Otdzkou zlstavd, zda anomalng vysoky
pomér Th/U na S od Humpolce lze pricitat jeSté (€lo Zule
nebo méd jinou pficinu.

ZvySenym pomérem Th/U se vyznacluje pds sméru
SSZ-1IV probihajici od Vétrného Jenikova po Jihlavu.
Odpovida to pravdépodobné hojnym krdm granulitd, které
se v tomto pasmu vyskytuji, nebot pro granulity je vysoky
pomér Th/U typicky.

Podobné variabiln{ jako v dzemi tvofeném mrdkotin-
skym typem jsou hodnoty Th/U i v Slichovych koncen-
tritech v typu ¢iméfského. Na SZ od Nové Bystiice kle-
saji pod hodnotu 4, severné a vychodné od pné tvoreného
typem Zvile (difve Land$tejn) jsou az do 15. Velmi vy-
soké jsou hodnoty Th/U v prevazné Casti vychozu typu
Zvile. Pravé tento typ je podle laboratornich méfeni
na Th dosti chudy, v praméru 9,6 ppm, ¢imérsky typ
naopak je na Th bohat$i, obsahuje 23.7 ppm Th (Breiter
et al., 1998). Tento rozpor mezi asociaci radioaktivnich
akcesorii zdrojovych hornin na strané jedné a Slichového
materidlu na strané druhé dokladd, jak rozdilné mize byt
obecné chovdni akcesorii granitového télesa pri denudaci
i pii $lichovdni a s nim spojenych procedurdch. Uplatnéni
jednotlivych procesil je tedy zna¢né selektivni.

Z Uzemi tfebi¢ského masivu jsou Slichy pies jeho vysokou
radioaktivitu pomémé chudé na Th (vétSinou do 500 ppm)
i U (vétSinou do 100 ppm). V mapé poméru Th/U se pro-
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Obr. 1. a — Geologické schéma Ceské &dsti centrdlniho moldanubického plutonu na tzemi listu mapy | : 200 000 23-Jihlava. | - stfedné zrnitad az
hrubozrn4 dvojslidna Zula (typ Zvile). 2 — porfyrickd dvojslidna zula (typ Cimep). 3 — drobnozrnnd dvojslidnd Zula (typ Mrdkotin). 4 — ostaini
biotitické a dvojslidné Zuly. 5 — drobnozrnnd biotitickd (+ muskovit) zula (typ Lésenice), 6 — drobnozrnnd thoriem bohatd biotitickd Zula, 7 — krys-
talinikum. b — Mapa poméru Th/U v oblasti centrdlniho moldanubického plutonu a jeho exokontaktu. Vydato z mapy poméru Th/U 1 : 200 000. list

23-lihlava. sestavené J. Svancarou.

Fig. 1. a - Geological sketch map of the Czech part of the Central Moldanubian Pluton occurring in the map sheet of 1 : 200 000. 23-Jihlava.
I — medium to coarse grained two-mica granite (Zviile type). 2 — porphyritic two-mica granite (Ciméf type). 3 — fine grained two-mica granite
(Mrdkotin type). 4 — other biotite and two-mica granites, 5 — fine grained biotite £ muscovite granite (Ldsenice type). 6 — fine grained Th-rich
biotite granite, 7 - crystalline rocks. Adapted from Breiter et al. (1998). b — Map of the Th/U ratios in the area of the Czech part of the Moldanubian
Pluton and its exocontact. Extracted from the map of Th/U ratios. sheet 23-lihlava. compiled by J. Svancara.

jevuje segmentace masivu podle diskontinuit Z-V sméru
do 5 blokl s rozdilnymi hodnotami. Zvy$ené hodnoty
v intervalu od 6 do I3 jsou na S od Méfina a jizné tiebic-
ského zlomu, stfedni segmenty maji uranem bohal$i akce-
sorie, pomér Th/U klesd. Smér Z-V, event. S-J je v ob-
lasti ¢eského moldanubika, CMP i stiedoceského plutonu
z prib&hu izolinii Th a U a zejména Th/U ve §lichovych
mapdch dobre patrny. Prosazuje se kromé smérii SSZ-JJV

a SSV-JJZ a méné Castych sméri SZ-JV a SV-JZ. Misty
souhlasi s prib&hem struktur v krystaliniku, napf. ve
stfedni Casti chynovskyich svord, vétSinou viak je Kk nim
vice ¢i méné diskordantni. Smér Z-V v3ak zcela pievlada
u horninovych Zil v SCP i jizni ¢4sti moldanubika (Misaf
etal., 1983), i v krystaliniku na Z od trebi¢ského masivu.
Sméry S-J a V-Z maji také mnoh¢ miladovariské rudni
zily Ceskomoravské vysoCiny (Bernard a Pouba, 1986).




M. Chlupdcovd et al.: Thorium a uran ve slichovych koncentrdrech a jejich vyznam pro geologii a Zivomi prosiredi

Mapa distribuce Th

0 2 4 & 8km L ]
Co— —
L
Koncentrace Th (ppm)
a) <65 |6.5-10 [10-11.511.5-135 >135
Mapa distribuce Cs 137
,/F‘A‘\\
\ »
ey . Sternberk
N Alitovel | b
: ]
(/
\ §
Nameést na Hané il
e

Koncentrace Cs (Bg/k

C) <06 | 06-14 | 1.4-26 | 2644 | >4.4

Obr. 2. Mapa distribuce thoria (a), uranu (b). cesia 137 (¢ ) a zinku (d).

141

Mapa distribuce U(Ra)

X '
- L= | Stemberk %
N Litovel

Koncentrace U(Ra) (ppm)

b) <1

14-20/20-26|26-34| >34

Mapa distribuce Zn

Stemberk%

Konnuaoe Zn (ppm)
_ o

[ -2500 | -4500 | - 8000 | > 8000 |

d)

Fig. 2. Distribution map of thorium (a). uranium (b). cesium 137 (¢ ) and zinc (d).

Projev metamorfitt v radioaktivité Slicht

Slichy v metamorfnich terénech také vykazuji znaéné
regiondIni rozdily v radioaktivité. Na dzemf listu Jihlava
tvoif anomdlni jednotku ¢eského moldanubika s vysokymi
obsahy Th (do 7000 ppm) a U (do 1000 ppm) migmatity
lemujici po zapadni strané blanickou brazdu. Obsahuji
velmi siln€ radioaktivni a dosud nezndmé akcesorie. Ty
Jjsou mezi Jankovem a Lounovicemi silngji thoriové, Th/U
zde dosahuje az k 10. K dalsim celkliim s vy3§i aktivitou
Slichii na listu Jihlava patfi pararuly jizné Vlagimi a Soutic
(jen slabé zvySené Th, ale az 700 ppm U), dale je to krysta-

linikum mezi Chotéboif a Pribyslavi (az 3000 ppm Th,
a 1000 ppm U) a okrajové partie strazeckého krystalinika
(az 3000 ppm Th a 1000 ppm U). Naproti tomu velké
aredly pararul a cordieritickych migmatiti ¢eského molda-
nubika na listu mapy | : 200 000 Jihlava poskytly jen
relativné malo aktivni $lichy. Je otdzkou, zda v piipadé
anomalit v krystaliniku se tim neprojevuji néjaké nezndmé
nebo malo zndmé silné radioaktivni Zilné horniny, které
by byly zdrojem Th a U ve §lichdch. Zdroje anomadlii
v krystaliniku zdstavaji prozatim sice hypotetické, ale
jejich dalsi vyzkum a ovéfovani muze pfinést zcela nové
geologické poznatky. :



442 Mineralia Slovaca, 33 (2001)

Projevy ndplavi v radioaktivité Slichi

Jednim z piipadt uplatnéni radioaktivity v sedimentech
byl vyzkum ndplavovych uloZenin v povodi Moravy mezi
Sternberkem a Olomouci (Handk et al., 1998). Ve Slichach
odebranych pracovniky druzstva GEOMIN Jihlava byly
méfeny obsahy Th, U a Cs-137. Krom¢ toho byla v GEO-
MINU méfena fada dalSich prvkl a stanoveny obsahy €7-
kych minerdll (Svestka et al., 1998). Vysledky jsou zna-
zornény na obr. 2. Je zfejmé, Ze nejnizsi obsahy Th a U
maji nejmladsi naplaveniny feky Moravy mezi Litovl{
a Olomouc], hlavné na pravém biehu, zatimco v okrajo-
vych Castech s levobreznimi pfitoky Oskavou, Grygavou
a potokem Ales a pravobieznimi pfitoky MIynskym poto-
kem, Cholinkou a Blatou jsou hodnoty ponékud vyssi.
Sveédei to o zvySené dynamice hlavniho toku s¢ znaénou
unaSecf silou a patrné i slabé aktivit¢ denudovanych hornin.
Na Z i V od pdasma Litovel — Olomouc jsou obsahy obou
prvka relativné vyssi bud’ v dusledku mensi undSect sily
tokit nebo i diky vy3$3i aktivit€ zdrojovych hornin, které se
vyskytuji zejména u Oskavy. Pozoruhodné zvyseni obsahu
Cs-137 bylo zjiSténo na SZ od levého brehu Moravy na S
od Olomouce, které indikuje vyznamny snos z okoli Oska-
vy a Jesenikl vibec. Rizikovost téchto snost podtrhuje
i antropogenni ¢innost produkujici Zn v okoli Oskavy.

Vyznam radioaktivity Slicht pro ochranu ZP

Z hlediska rizika pro ZP poskytuji $lichové materidly
fadu indikaci. Soudime, Ze ty geologické jednotky, které
maji mnohem nizs{ obsahy Th a U ve $lichdch nez odpo-
vidd pfirozené radioaktivité vychozi horniny jsou a mohly
byt i v minulosti zdrojem Th a U pro jemnozrnné sedi-
menty, al uz jsou to ndplavy nebo sedimenty eolické. Ta-
kovym prostfedim je napf. tfebi¢sky masiv. Dalsi riziko
plyne pro mista s moznym nahromadénim vysoce radio-
aktivnich minerdld v Zilnych hornindch, jaké lze ocekdvat
napf. v CMP a SCP a v n&kterych migmatitech a meta-
morfitech, které se v radiometrickych geofyzikdlnich
mapdach anomaln¢ neprojevuji. Zajimavym probl¢mem
pro ZP jsou mista se znamymi vyskyty uranovych lozisek
a z nich rozvazenymi odpady. Ve Slichovych mapach
radioaktivity se neprojevuji, protoze uranové minerdly
nepfezivaji vetsi transport. Uran s¢ stdvd mobilni, vstu-
puje do vodnych roztokt nebo je sorbovén na jemné jilovité
Céstice. Je tedy zahodno monitorovat vodn{ zdroje v okol{
takovych vyskytl. Obcasné kontroly vod by mély byt
i v mistech s anomdlné thoriovou radioaktivitou §lichd,
Jjako je granit typu Zvile v CMP (viz vyse), nebot v&s]
Cdst uranu se v tomto granitu do blizkych naplavenin
ziejmé nedostala. Stejné tak zdrojem ur¢itého rizika jsou
mista, kde 8lichy maji pfevdzn¢ uranovy charakter radio-
aktivity, jako v oblasti ¢eského moldanubika jv.
od Vlasimi, kde jsou Slichové anomidlie prevdzng urano-
vého charakteru (viz vyse). I kdyZ jde patrné o uran vazany
v néjaké stabilni akcesorii, ve zdrojovych hornindch prav-
dépodobné existuje uranovych minerall vice druha.

Zcela specifickou problematiku piedstavuje sledovani
umélé radioaktivity, tedy obsahu Cs-137. Protoze se

Cs-137 velmi dobfe sorbuje na zrna fylosilikétl a pravdé-
podobné se tato schopnost zvySuje se zmendovanim zrna
a zvy$ovanim pH (Havlovd, 1999), je pro zjisténi cesio-
vého zneciseéni ndplavi méfeni umélé i prirozené radio-
aktivity raznych §lichovych frakef velmi uzitecné.

Zavér

Obsahy Th a U ve $lichovych koncentrdtech z kolekce
druzstva GEOMIN Jihlava, které méfi laborator fy
EXPLORANIUM CZ s. r. 0. Brno s vyhovujicf citlivosti
a presnosti, dopliiuji obraz distribuce stopovych prvku
a (&zkych minerdld na dzemi CR utvofeny v ramci regio-
ndlni §lichové prospekce (Abrahdm et al., 2001). Métent
bylo zahdjeno v roce 1996 a v soucasné dob¢ jsou do sla-
dia vyslednych map v méfitku 1 : 200 000 zpracovdny
Gdaje z listd Jihlava (23), Strakonice (22), Klatovy (21)
a Trebori (33). Jsou konstruovdany mapy distribuce Th a
U ve $lichach (v ppm), mapy poméru Th/U a mapy obsahu
Th a U pFepocitané na objem Slichovaného sedimentu
(10 litra).

Prvym cilem bylo stanoveni radioaktivity Slichovych
koncentrata. Potvrdilo se, Ze jsou dosti silné radioaktivni,
obsahy obou stopovych prvkl v oblastech krystalinika
jsou asi 10x az 1000x vySsi nez v béznych hornindch.

Dal§im zdamérem bylo provéfit moznosti geologické
interpretace vysledka. Zjistili jsme, Ze mapy distribuce Th
a U poskytuji nezastupitelné informace s geologickym
vystupem, ale zcela jiné nez mapy radiometrické. Posky-
tuji specifické indikace tykajici se stavby granitovych
masivi, rozdilnosti metamorfnich a sedimentdrnich terénu,
eventudlni pfitomnosti radioaktivnich zilnych hornin
a krom¢ toho prispivaji i k pozndni dynamiky sedimentace
a hromadéni radioaktivnich kontaminantu v recentnich
sedimentech. Ztrata urcitého podilu radioaktivnich mine-
ralG neni na zdavadu, nebot zbylé radioaktivni minerdly
pfedstavuji velmi stabilni asociaci, kterd je pro mnohé
geologické jednotky zcela specificka.

Na zdklad¢ porovnani radiometrickych geofyzikédlnich
map s prepocitanymi Slichovymi mapami je mozno vyli-
povat geologické jednotky, které hlavné mohou byt zdro-
jem mobilnich radioaktivnich prvki. Jsou to dscky s vy-
sokou prirozenou radioaktivitou a nizkou radioaktivitou
Slicha, jako je napft. tfebi¢sky masiv. Podobny pfipad
piedstavuji vyskyty uranovych minerdlu, které do Slichu
nevstupuji. Jiny zdroj radioaktivnich prvkl predstavuji
celky s vysokym pomérem Th/U ve Slichdch a rovnoviz-
nym nebo nizkym pomérem Th/U v prirozené radioakti-
vité. Jejich prikladem mize byt jizn{ ¢ast CMP, tvofend
typem Zvule. Tretim typem moZznych zdroju jsou celky
s nizkou a primérnou radioaktivitou a vysokou radioakti-
vitou §lichovych koncentrétd, kterou mohou plsobit sice
lokdlni, ale vysoce aktivni vlozky ¢i impregnace. Prikladem
jsou migmatity vychodné blanické brdazdy.

Provéfila se ucelnost stanoveni Cs-137 ve $lichdch pii
studiu povodnovych naplavenin z povodi Moravy mezi
Sternberkem a Olomouci. Vysledky doklddaji mobilitu
cesiového spadu a jeho pozvolnou migraci z horskych
oblasti Jesenika.
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[ kdyZz priciny anomédlnich obsahti Th a U ve §lichovych
koncentrdtech jsou zatim mélo zndmé, je ziejmé, Ze je-
Jich existence motivuje dals{ geologicky vyzkum cileny
i na zhodnoceni rizik indikovanych $lichovou analyzou.
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Th and U contents in heavy mineral concentrates and their impact
on geology and environmental hazards

Heavy mineral prospecting has been carried out by the
team of geologists of the GEOMIN Company Jihlava thro-
ughout the whole area of the Czech Republic since the six-
ties. The results obtained for numerous sets of various heavy
mineral fractions are presented in the maps of the scales
I 50000, I :200 000, and 1 : 500 000, in corresponding
unpublished reports and, finally, in the summarizing report
(Abraham et al., 2001). Contents of radioactive trace ele-
ments, Th and U, in heavy mineral fractions (HMF),
however, have been examined in the frame of this prospecting
only since 1996. About 30 000 samples should be measured
by 2003 when the project terminates.

The sampling and processing were uniform for the whole
collection of samples used for the radioactivity measure-
ment, The alluvial sediment 10 litres in volume was taken
and washed through a 2 mm sieve and panned to the gray con-
centrate. It was then divided into two parts according the grain
size. The fine fraction (< 0.153 mm) was used for spectral
analysis of selected elements, while the coarser fraction
(0.15-2 mm) underwent magnetic separation, being divided
into ferromagnetic, magnetic and non-magnetic parts. The
magnetic and non-magnetic fraction were used for the mine-
ral analyses; the former was coloured for the wolframite iden-
tification, the latter was cleaned in bromoform and coloured
for barite and cassiterite 1dentification. These two fractions
of each sample were used for the radioactivity measurements.
As revealed by a test made recently, even relatively old sam-
ples are of nearly the same weight and composition as the
newly made ones. It is obvious that a substantial part of
radioactive accessories present in the source rock has been
lost during the weathering and water transport as well as during
the processing of the sample, but these processes resulted in
the stable association of radioactive accessories specific for
individual regional geological units.

Contents of Th and U are measured in the lab of the
EXPLORANIUM CZ, Brno. A new method was developed
enabling small amounts of the mineral fraction 0.5 to 10 g
in weight to be measured with sufficient sensitivity. A spe-
cial device was designed for the automated exchanging of
specimens placed in plastic tubes. The whole measuring

f=4
process is fully controlled by a computer. The multi-channel

gamma ray spectrometer Explorania GR-320 LAB was used
being equipped with console and well-type Nal(Tl) probe of
the size 76 x 76 mm and resolution of 7.6 %. Time of the
measurement was 13—13 minutes. The spectra measured are
transferred to the controlling computer for evaluation. The
calculation is based on the comparison of spectra measured
with those of the standards of Th, U(Ra) and natural U. The
sensitivily of measurements is demonstrated by the data
given in the table enclosed to the description of the method
in the Czech text. As it follows from the numerous measure-
ments both the U(Ra) and U in heavy mineral fraction, the
equilibrium between U-238 and Ra-226 mostly exists in
samples analysed. It allows us to apply U(Ra) in the
constructions of distribution maps instead of U, which is
measured much less precisely.

The data measured are presented in the maps of the scale
I : 200 000. The maps of distribution of Th and U in the heavy
mineral concentrates of both the magnetic and non magnetic
fractions are compiled (in ppm) for each sheet of geographic
map. Moreover, the map of Th/U ratios and two maps of the
contents of Th and U recalculated for the analyzed initial
volume of 10 | were added. Th/U ratios provide an useful
information about the character and regional variations of
the association of radioactive accessories. These data are not
“shadowed” by non-radioactive minerals, which 1s not the
case of the data given in ppm. The recalculated contents of
Th and U are of this advantage too, and are, therefore, suitable
for comparison with those provided by the aero radiometric
geophysical maps. The maps of the sheets 23 — Jihlava,
22 — Strakomice, 33 — Tfebon and 21 — Klatovy have been
compiled at present. The data obtained from these regions
reveal that contents of Th and U in heavy mineral concentrates
exceed 10 to 1000 times those 1n common plutonic and crys-
talline rocks.

The pattern of distribution of radioactive elements as well
as that of Th/U ratios yield some anomalies and features that
indicate geological phenomena mostly not expected or even
rather surprising. The radioactivity of heavy mineral fraction
can contribute to recognition of the structure of granite
bodies and metamorphic complexes and/or to predict of the
presence of some highly radioactive veins, layers and
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impregnations in the crystalline complexes as well as in the
sedimentary terrains. The part of the Central Moldanubian
Pluton located northward from the small towns of Mrakotin
and TelC represents the case of a region enriched in radioactive
elements and, inversely, the Ttebi¢ Massif is the case of a
depleted region. The heavy mineral fraction of the migmatite
complexes westward from the Blanice Furrow and some parts
of metamorphites in the region Chotebof — Pfibyslav and
marginal parts of StrdZek crystalline complex belong to the
richest in the Moldanubian area. An enrichment in U is
remarkable in the paragneiss unit southward of the town of
Vlasim. The notable influence of the structures of the W-E
and N-S orientations in the Moldanubicum can be observed
in the distribution of Th and U beside the more geologically
emphasized structures of NNE-SSW and NNW-SSE as well as
NW-SE and NE-SW directions.

From the environmental point of view. the discrepancy in
contents of Th and, particularly, of U found from the comparison
of distribution maps and those provided by aero radiometry 1s
important. It can indicate a possible radioactive hazard,
which consists of the deliberation of small highly radioactive
particles for the long aqueous or aerial transport. Also the fin-
dings of enhanced both the natural and artificial radioactivity
measurements of the heavy mineral fractions ol flood sedi-
ments of the river of Morava can contribute to discovering
the whole pattern of environmental pollution and may help to
reveal its sources. The results of radioactivity of heavy mine-
ral fractions obtained for the collection of the GEOMIN Com-
pany measured up to now have not only extended present geo-
logical knowledge but also inspire us to do further study of
geological reasons of the features observed, particularly, those
important from the environmental point of view.
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Enigma Slichovych koncentraci v centralni ¢asti ceské kiidové panve
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Enigmatic heavy-mineral concentrations in the central part of the Czech Cretaceous Basin

The results of regional heavy mineral prospecting in the Czech Cretaceous Basin proved that the
prevailing part of accumulations was derived from geological units bordering the basin and was trans-
ported mostly to short distances. The axial zone of the basin is therefore rather poor in this respect. with
sporadic exceptions, the most prominent of which is represented by a sizable accumulation belt extended
almost perpendicularly to the basin axis across its deepest part. The origin and the reason of its position.

however, remain problematic.

Key words: heavy minerals, Czech Cretaceous Basin. accumulation belt

Uvod

Jednim ze zékladnich poslani regionalni $lichové pros-
pekce je snaha urcit provenienci Slichovych minerdlt
a prvka. Pritom je tfeba mit na paméti, Ze vypovidaci
hodnotu 8lichl je nutno konfrontovat se skute¢nosti, ze
vztah mezi $lichem a jeho zdrojem miuze byt nékolikeré
povahy. Z tohoto hlediska Ize stanovit nasledujici typologii
Slichovych koncentract:

A. Slichy antropogenni, k nimz patfi predevsim pro-
dukty primyslové vyroby, dopravniho provozu, staveb-
nictvi, komundlnich odpadu a dalsich civilizacnich zatézi
vSeho druhu;

B. Slichy pfirodni, odvozené z hornin a jejich zvétrali-
nového pokryvu. Lze je ddle Clenit na Ctyfi subkategorie:

a) Slichy extraterestrické, zastoupené predevsim mikro-
meterority. Jejich vyznam a kvantitativni podil je mizivy.

b) Slichy autigenni, predstavujici pfipad, kdy Slichovy
materidl zdstdvd v podstaté na misté svého zdroje a nebo
Jje posunut tak nepodstatnym zptisobem, Ze o jeho vztahu
k mate¢nému geologickému télesu neni pochyb. Typicky
priklad poskytuji Slichy z oblasti krkonossko-jizerského
plutonu (Abraham et al., 2000), kde zejména titanit, zir-
kon, scheelit a z prvki napf. Mo a W perfektné konturuji
hlavni horninu plutonu — liberecky biotiticky granit,
zatimco Slichovy andaluzit a grandt, v libereckém granitu
vyslovené nedostatkové, zlstavaji ve vysokych koncen-
tracich nehnuté na skalnim podkladu tanvaldského dvoj-
slidného granitu. Ve Slichovém obraze se autigennf $lichy
mohou jako specifické ukdzat i pro plutonity drobnych
rozmérl, jak tomu je v pripadé silezickych granitoidd
(Fediuk, 1999), rovnéz tak jako pro metamorfni jednotky.

¢) Slichy alotigenni, donesené na misto dnesni pozice
z mist vzdalenych radové kilometry, nékdy i vice nez sto
Kilometrii. Topografickd vazba mezi §lichem a jeho zdro-

jem je rozdvojena a takové piipady predstavuji tvirci pole
invencnich schopnosti interpretdtora, ktery se musi oprit
0 3iroké zkuSenosti a znalosti regiondlni geologie. Typicky
piiklad alotigennich Slicht predstavuje situace v (zv.
moravskych dvalech, ve kterych je zfejmé, Ze vétSina
Slichovych polozek, zvlast ndapadné staurolit a epidot,
nepochdzi z boku tvald, ale byla jimi nesena jako trans-
portnim zlabem z krystalinika Hrubého Jeseniku podélné
celou Moravou az do Dunajské niziny na vzddlenost
250 km.

d) Slichy problematické provenience, kdy jak zdroj §li-
chu, tak druh jeho transportu, zistdvaji obestieny nejas-
nostmi. Nékolik slichovych koncentraci této kategorie se
objevuje v Ceské kiidové panvi a predevsim jim je véno-
van tento prispévek.

Geologicka charakteristika kridové panve

Platformni sedimenty Ceské kiidové panve pokryvaji
zhruba 14 000 km? ve v&Sinové Casti severnich a vychod-
nich Cech a malym dilem zasahuji ddle k JV na Moravu.
Osa panve ma smér ZSZ-VIV a v jejim prubéhu lze pozo-
rovat axidlni prohyby vytvérejici tfi dil¢i panve — luzicko-
jizerskou na ZSZ, v centrdlni ¢4sti krdlovéhradeckou
a podruznéjsi dil¢i panev svitavskou na VIV. V prvnich
dvou dosahuji mocnosti sedimentt téméf kilometr a padnevni
dno tu klesd pres 500 m pod troven soucasnych moff.

Stratigraficky zahrnuje panev svrchni k¥idu od cenoma-
nu po spodni santon o ¢asovém rozpéti 12 mil. let (96 az
85 Ma). Jeji ndpli tvori hlavné piskovce a opuky, v mensi
mire slepence, jilovce a slinovee. V podlozi je permokar-
bon, nemetamorfované i metamorfované horniny star§iho
paleozoika a neoproterozoika, zasahuji sem komplexy
krusnohorského, kutnohorského a moravického krystalinika,
granitoidni t€lesa a v malé mite bazika, metabazity a Kyseld
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efuziva. Tyto podlozni jednotky vystupuji i na povrch
v obrubé panve. Na ZSZ je kfida prckryta sedimenty
i vulkanity terciéru,

Vysledky souborné Slichové analyzy kifdové panve shr-
nuje Abraham et al. (2001). V predchazejici dobé tu exis-
tovaly jen dil¢i studie tézkych minerdla z nékolika nesou-
visejicich mist, jmenovité prace Kleina (1958) z j. okraje
panve, zpravy Bylové o sklarskych piscich (1966, 1967,
1968), Novdka a Vaviina (1980) aj. o piskovcich urano-
vych lozisek, Slavika (1965, 1966, 1968) o strukturnich
vrtech a Vavfina (1975, 1979) z luzické oblasti. Tyto sin-
guldrni udaje nebylo vSak mozno syntetizovat pro celou
panev, takze soubornd monografie o kiidé¢ od Malkov-
ského et al. (1974) zhodnoceni tézkych minerdlti neobsa-
huje. Obecné v3ak z nich plyne, ze: a) t€zké minerdly se
objevuji zvIasté v psamitech, b) jejich mnozZstvi gene-
relné klesd s rostouci stratigrafickou udrovni, ¢) transport

se dal zpravidla na kratké vzddlenosti a zdrojem byly bud’

bfehy panve nebo elevace uvnitf ni.
Provenien¢né neproblematické slichy kfidové panve

Pripady autigennich Slichi typu B b) vySe uvedené
kategorizace, pochdzejici pfimo z kifdovych sedimentu,
nejsou jednoznacné dolozZitelné. Naproti tomu $lichy typu
B ¢) (alotigenni) ze zdrojli v podstaté jasnych, se objevuji
bézné v okrajich panve, ale misty jsou zavlékény i hluboko
do jejiho nitra. Doklada to mapka obr. 1. Nejvyraznéjsi
pifnosovou cestu predstavuje feka Vilava, transportujic
v cel€ historii svého vyvoje od neogénu az po soucasnost
Slichov¢ materidly nejen ze stfedoCeskych, ale i jihoCes-
kych zdroji. Nese je nejen celym svym dolnim tokem
od Kralup po Mélnik, ale po spojeni s Labem i dale. Z jiho-
Ceského moldanubika tak prind$i jmenovité grandt,
Kyanit, sillimanit a staurolit, ze stfedo¢eského plutonu

amfibol a ilmenit, z jitovského pdsma epidot a ze staro-
paleozoickych vulkanitd pyroxen a rovnéz ilmenit.
V podsitné frakci se objevuje Siroka kdla Slichovych prvku,
zejména Sn, La, Cu, Ni, Pb, Ag, W a Zn. Kuriéznf
pfipad dlouhého transportu podruznou vodotei popsali
Abraham et al. (2000), kdy z krkono§sko-jizerského plu-
onu jsou neseny vysoké obsahy W az do centra pdnve.
Cetnéj3i jsou oviem p¥ipady. kdy transport od zdroje
do kfidy kon¢i ve vzddlenosti obvykle do 10 km. Tohoto
druhu je pfinos pyroxenu, ilmenitu a titanitu s doprovod-
nym Ni z kenozoickych vulkaniti Ceského stiedohoff.,
barytu z loziskového reviru Kfizany v JeStédském pohori,
pyroxenu a zirkonu z podkrkono$ského permokarbonu,
amfibolu a grandtu z vychodosudetskych metamorfitu,
andalusitu, scheelitu, titanitu, zoisitu, Au, Bi a W z hlinské
z6ny, vysokych koncentraci Sb, As, Mo, Ni, Pb a Ag
v predpoli Zeleznych hor, grandtu a ilmenitu z kutno-horsko-
-svrateckého krystalinika aj.

Protipélem zminénych zvySenych koncentraci jsou
domény na S$lichové obsahy deficitni. Jejich Jokalizace
logicky koinciduje pfedevs§im s osni ¢asti panve. Pro
éméf celou délku osy od Ceské Lipy az po Svitavy je
takovy deficit pfiznacny pro amfibol, monazit a scheelit.
do jisté miry i pro kasiterit, xenotim a Cu. Jiné Slichové
minerdly a prvky vytvédreji misovitd minima, jejichz
stfedy jsou na mapce obr. | vyznaCeny znaménkem
minus v krouzku. Jsou v podstaté tfi. Na ZSZ je minimum
u Ceské Lipy, kde ho charakterizuji zejména zna&né
snizené obsahy epidotu, grandtu, kyanitu, pyritu, Ni, Ag
a Zn. Druhé minimum je v centrdlni ¢dsti se stfedem v.
od Mladé Boleslavi, pro néz je pfiznacny delicit granatu,
ilmenitu, spinelidu, titanitu, turmalinu a Zn. T'feti mini-
mum je sz. od Svitav a vyznacuje se ndpadnym poklesem
obsahu epidotu, grandtu, ilmenitu, kyanitu, spinelidu.
turmalinu a Zn.
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Obr. 1. Mapka ¢eské kiidové panve a jejiho ramce (Sik-
mo $rafovdno) s vyznacenim hlavnich zdroji alotigen-
nich $lich vndSenych do pdnve. Rozsah nejvyssiho
turonu az spodnrho santonu je vyznacen te¢kovanim.
Zkratky Slichovych minerdld: amf — amfibol. an — ana-
tas. and — andalusit, ba — baryt, ep — epidot. gr — granat.
il — ilmenit. ky — kyanit. mo — monazit, px — pyroxen.
ru — rutil. sil — silimanit, sch — scheelit. sp — spinelid.
st — staurolit, ti — titanit, tu — turmalin. zo - zoisit. zr —
- zirkon. Mésta: Lt — LitoméFice, MB — Mlada Boleslav.
HK — Hradec Krdlové, S — Svitavy Velké zaporné zna-
ménko v krouzku vyznacuje deficitni 8lichova centra.
Fig. 1.. Schematic map of the Czech Cretaceous Basin
and its provenances (oblique hatching) with visualiza-
tion of the main sources of allothigenous heavy minerals
being transported into basin. Areas with Uppermost
Turonian to Lower Santonian sediments are dotted.
Abbreviations of heavy minerals. amt — amphibole.
an - anatase, and — andalusite, ba — baryte. ep — epidote.
gr — garnet, il — ilmenite. ky — Kyanite. mo — monazite.
pX — pyroxene. ru — rutile, sil - sillimanite, sch — scheelite,
sp — spinelide. st — staurolite. ti — titanite, tu — tourmaline.
z0 — zoisite, zr — zircon. Towns: Lt — Litoméfice.
MB — Mlada Boleslav. HK — Hradec Krdlové. S — Svitavy
Big negative sign in circle indicates heavy mineral
concentrations deficient areas.
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Obr. 2. Mapka ¢eské kiidové pdnve a jejtho rdmce
s vyznaceni pii¢nych pdnevnich Slichovych akumu-
laci problematické provenience (tu¢né te¢kovana
kontura). Pro ostatni vysvétlivky viz text k obr |

Fig. 2. Schematic map of the Czech Cretaceous
Basin and its surrounding with visualization of the
transversal heavy-mineral accumulations of proble-
matic provenances (bold dotted outline). For further
explanations see Fig. |

Uvedené skuteCnosti ukazuji, jak pfinosovy vliv
ve Slichdch od okrajd panve do jejiho nitra vyrazné sldbne.
Jsou i dokladem, ze hlavni dil téchto prinost je mlady
a s vlastni litologii kfidovych hornin zfejmé jen podruzné
souvisejici.

Slichy problematického piivodu a problematické pozice

Ackoliv alotigennf Slichy pfedchozi kapitoly predstavu-
Ji vice nez polovinu vSech Slichd zastoupenych v oblasti
kfidové panve, ndro¢né&jsi interpretacni vyzvu piedstavuje
Slichova kategorie typu B d), Cili Slichy problematické.
Vyskyt hlavnich $lichl tohoto typu je zobrazen tfemi
tseky na mapce obr. 2.

Prvni z nich vybfha od luzické poruchy na Upati Jes-
tédského hibetu k Z podél toku Plouc¢nice k Ceské Lipé
a vyznacuje se sice nevysokymi, ale v dané souvislosti
ndpadnymi koncentracemi kyanitu a staurolitu. Zadny
kofen toto protdhlé Slichové maximum v prilehlém krys-
taliniku nemd a z jeho hornin ani tyto minerdly nejsou
znamy. Je vSak impulzem k tomu, aby tam bylo po nich
patrano. Dalsi Usek, charakterizovany difuznimi maximy
zirkonu a lanthanu, se tdhne $ikmo k ose panve od Ceské
Lipy do dolniho Pojizefi pres prahovy zdvih mezi luzicko-
jizerskou a kralovéhradeckou dil¢i panvi. MoZnym vykla-
dem jeho vzniku je snos jv. smérem z elevace tzv. mar$o-
vicko-bezdézského hrbetu, tvofeného permokarbonskymi
a staropaleozoickymi horninami, pro néz jsou vySsi obsahy
Zr i La ptiznacné.

Ve srovndnf s obéma predchozimi Useky je ovSem tieti
Usek nesrovnatelné mohutnéjsi. Rozkldda se v pruhu o Siice
az 50 km, postupujicim kolmo k pdnevni ose od (bo¢i
Zeleznych hor na JJZ az po predhaii Orlickych hor na
SSV. Je to akumulaénf val, ktery se vyznacuje ndpadnymi
koncentracemi epidotu, grandtu, ilmenitu, pyritu, rutily,
staurolitu, turmalinu, Sn, Mo, Ni a Zn. Osa tohoto pFi¢-
ného pruhu probihd prakticky pres stied krdlovéhradecké
dil¢i panve. Vznik téchto akumulaci nema bezprostiedni

ndvaznost na soucasnou Fénf sit, takze vyklad, jak se Sli-
chovy materidl dostal do své soucasné pozice a odkud, neni
jednoduchy. Predpokldddme-li pfinos z horninovych kom-
plexd nejbliz§T obruby panve, mize tu byt ur¢itym vodit-
kem distribuce $lichového kyanitu, prindSeného zjevné
z krystalinika na JJZ, jednak proto, Ze jeho akumulace sa-
haji od jjz. bfehu panve k SSV jen zhruba do poloviny
panve a v druhé poloviné az k predhtii Orlickych hor prak-
ticky chybé&ji. K obdobné tvaze vede i distribuce rutilu,
kterd sice zahrnuje celou pficnou $ifi panve, ale o tomto
minerdlu je zndmo, 7e se vyskytuje v horninach na JJZ,
zato zcela chybi v krystaliniku na SSV. Jina situace je
v piipadé slichového amfibolu. ZvySend mnozstvi tohoto
minerdlu jasné charakterizuji krystalinické jednotky jak
na JJZ. tak i na SSV a z obou &chto primdrnich zdroju
jsou zavlékdny proti sobé do kiidy, ovSem jejich akumulace
smérem k ose panve rychle sldbnou. Tato skuteCnost
svE&dei o tom, Ze transport do oblasti kfidy probthal z obou
stran. V pripadech §lichovych polozek vyjmenovanych
v tivodu tohoto odstavee vsak signifikantni ubyvani ¢i pii-
byvéni celkového mnozstyi §lichového materidlu nenf jed-
noznatné a ani povaha téchto polozek neumoznuje nezpo-
chybnitelné pritazeni bud k jedné, nebo ke druhé z uvazo-
vanych zdrojovych oblasti. V soucasném stavu poznatkl
musime na koneéné rozhodnuti tohoto dilematu bohuzel
zatfm rezignovat. Je tu v8ak jesté druhy problém — pozice
diskutovaného akumulacniho valu napii¢ panvi prakticky
pres jednu ze dvou jejich nejvétsich osnich sniZzenin. Jiz
vise bylo konstatovdno, ze tento val nesleduje soucasnou
Fi¢ni sit a zaroven evidentné nenf dirigovdn litologii kfidy,
protoze jeji stratigrafické jednotky nerespektuje. Je tedy
mozné. 7e Sirokd zéna mezi predhufim Orlickych hor
na jedné a Zeleznymi horami na druhé strané predstavuje
sekuldrné klesajici pas. Ten fungoval jiz v dobé sedimentace
kifdy, jeho pokles pokracoval ve slabnouci podobé i v ter-
ciéru a snad i v kvartéru a dlouhodobé se choval jako past
kumulujici §lichovy materidl. Tato pfedstava ma vSak
zatim jen povahu a hodnotu pracovni hypotézy.
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Anomalie tézZkych minerala jako indikatory zlomové stavby
a metamorfni zonalnosti v krystaliniku Ceského masivu

ARNOST DUDEK

Cesky geologicky tstav, Kldrov 3, 151 00 Praha 1, Ceskd republika

(Dorucené 24. 6. 2001)

Heavy minerals anomalies as indicators of fault structures and metamorphic zones
in the crystalline complexes of the Bohemian Massif

From the heavy minerals recovered by panning prospection some may be used as indicators of fault
tectonics: barite (E-W faults). sillimanite (NW=SE faults) and epidote (Klatovy and Sazava deep faults.
Rataje tectonic zone. Boskovice furrow). In the Domazlice crystalline complex heavy minerals were
used for localization of metamorphic isogrades — garnet. staurolite, sillimanite and kyanite from the
classical critical minerals, and tourmaline. zircon. xenotime and monazite as new critical minerals. For
the determination of the metamorphic zones the grain size of the accessoric diagnostic minerals
prooved to be an important factor. influencing the intensity of heavy minerals anomalies.

Key words: heavy mineral prospecting, heavy minerals. fault structure, metamorphic zones, Bohemian

Massif

Slichové mapy sestavené firmou GEOMIN druzstvo
Jihlava v méfitku | : 200 000 v poslednich letech a shrnu-
té do méfitka 1 : 500 000 v Atlase t&zkych mineralti Ceské
republiky (Abraham et al., 2001) pfinesly az neoCekédvané
mnozstvi informaci, vyuzitelnych v nejriznéjsich speciali-
zacich geovéd a ochrany Zzivotniho prostiedi. Casto jde
o informace, které v prub¢hu akce ani nebyly predpokladany.
Velmi zajimavy je jejich pfinos i pro metamorfni zoneo-
grafii a pro indikaci zlomu, jednak zndmych, ale zejména
i sotva predpoklddanych. Nekolik prikladu je predmétem
t€to zpravy. Podrobnéjsi rozbory jednotlivych oblasti (bylo
jich celkem sedm) v méfitku 1 : 200 000 jsou uloZeny
v archivu druzstva GEOMIN a v textovych piilohdch vyse
citované zdvérecné zpravy. Z rozsahlého souboru tézkych
minerald (TM) byly pro analyzu metamorfni zonalnosti
vyuzity granat (Gt), staurolit (Sv), kyanit (Ky), sillimanit
(Sil), turmalin (Tur), zirkon (Zrn), xenotim (Xen) a monazit
(Mnz). Pro lokalizace tektonickych linii byl pak pouZit
hlavn€ baryt (Brt), ktery vzhledem k své $tépnosti je vyrazné
autigennim Slichovym minerdlem, okrajové i sillimanit
(Sil), epidot (Ep) a rtut (Hg).

Tézké mineraly a tektonika

Anomadlie TM jsou na nékterych mistech vyrazné ome-
zeny tektonickymi liniemi, které i z anomdlii TM dobfe
vynikaji. Jako pfiklad lze uvést napf. omezeni brnén-
ského masivu s jeho charakteristickymi asociacemi TM
(amfibol, titanit, epidot) vic¢i boskovické brazdé, i fadu
dal8ich. N¢které anomdlie TM v8ak nemohou byt ob-
jasnény jednoduse podle zndmé geologické stavby. Jako
dobry piiklad 1ze uvést Sil v Sumavské vétvi moldanubika.
Ndpadné jsou dvé fady anomadlii sméru SZ-JV; jizn&jsi
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sleduje pohraniéni hreben Sumavy, severndj3i jachymov-
sky hlubinny zlom po jeho sv. strané pfiblizné v linii
Ceské Budéjovice — Vodtiany — Blatnd, kde nabyvaji hod-
not az 5-50 g/m? Na jz. strané zlomu se anomadlie vy-
razné zeslabuji a ve zna¢nych usecich Sil téméf chybi.
Avsak smérem k JZ, k hfebenum 3umavy, anomalie Sil
rychle rostou a v hraniéni oblasti dosahuji ojedinéle az
hodnot 50-100 g/m?. Tyto anomadlie prokazuji, Ze bloky
moldanubika jsou stfechovité uspordddany a uklonény
k SV, takze pfi jejich jz. okraji jsou odkryty hlubsi, vyse
metamorfované useky krystalinika, jak bylo jiZz predpo-
kladano na zakladé jinych indicii (Dudek a Suk, 1965).

Zajimavé jsou téz anomadlie nékterych TM (nebo i prv-
kil z podsitné frakce), které se tadi do souvisl¥ch linif
a naznacuji pravdépodobny pribéh dislokaci. Tak nékolik
drobnych anomalii Hg ve vrcholové Casti Ceského lesa
indikuje moznou paralelni zlomovou linii s ¢eskym
kfemennym valem.

V mapach v méfitku | : 500 000 indikuji zlomy ano-
malie Brt, ¢asto doprovdazené i anomaliemi pyritu. Vy-
znaluji napf. pribéh zloml blanické brdzdy, boskovické
brazdy, ale i zlomu doposud nezjisténych. Jak je patrno
z obr. |, fadi se v j. ¢asti Ceského masivu do v.-z. pruhi
o délce mnoha km. Vyraznéj$i anomalie jsou v nejsever-
néjsim pruhu v mistech zndmych rudnich lozZisek, ale
i v mistech, kde loziska nejsou zndma. Pruh se tdhne od St.
Sedlisté v borském masivu pres Stfibro, Rad¢ice u Plzné,
uzemi mezi StraSicemi a Cheznovicemi v. od Rokycan
na Pfibram. Tyto anomalie, vystupujici zhruba v ekvidis-
tantnich vzdalenostech, by potéily jisté kazdého pfiznivce
ekvidistantnich vzddlenosti tektonickych poruch stejného
fadu. Anomdlie jsou v riiznych geologickych jednotkdch —
— variském plutonu, proterozoiku, permokarbonu i v kambriu
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Obr. 1. Pribéh hypotetickych zlomovych struktur v krystaliniku j. ¢sti Ceského masivu podle 3lichovych anomdlii barytu. Prazdné kontury znacf

obsahy 0.1-1 g/m?, $rafovana pole obsahy 1-5 g/m®, misty i vice.

Fig. 1. The hypothetical dislocation zones in the crystalline complexes of the Southern Bohemian Massif as indicated by the anomalics of barite.
Barite contents in the plain contours 0.1-1 g/m®. in the striped contours 1-5 g/m*

Barrandienu — a tak jejich sepéti se zlomovou stavbou je
zfejmé. Doba vzniku (€chto anomdlii neni jednoznalné
urcitelnd, proto je i mineralizace permokarbonu v zdvis-
losti na hydrotermdch docela dobfe moznd. Predpoklada se
(Chaloupsky, 1983), Ze v-z. dislokace v Ceském masivu
patfi k nejstarsSimu zlomovému systému, byly vsak
zfejmé vicekrat mobilizovany a anomdlie Brt vznikaly na
jejich kfizenf se zlomy jinych sméru.

Pozoruhodné jsou vSak méné vyrazné, i kdyz podstatné
delsi v.-z. linie anomalii, které protinaji celé jihoCeské
moldanubikum a zasahuji az do moravika. Severngjsi
z nich bézi od Domazlic pres Klatovy, Tébor a Pelhfimov
na Jihlavu, a je na nf asi 12 anomdlii; po preruseni
v mistech pfibyslavského hlubinného zlomu pokracuje
dal§{mi 5 anomdliemi az do moravika (od Brtnice az po
Javiirek a Smelcovnu v jiznim uzavéru brunovistulického
jadra svratecké klenby). Na V od pfibyslavského zlomu
byla tato zlomova linie posunuta asi o 15 km k J. Jizn&jsi
linie je v nékterych dsecich zdvojend a bézi j. od KaSper-
skych Hor pres Stachy, Vodiany a Lomnici n. L. na Velkou
Holnou u J. Hradce, a pokracuje ponékud j. smérem na Jem-
nice, Gre§lové Myto a Visnové pfi hranici s moravikem.
[ tato linie, na které je cca |5 anomadlii, je v. od pribyslav-
ské zény posunuta k J, ale méné neZ linie severnéjsi. Je
doprovazena na J jeSté kratkou paralelni linii od Volar
pies C. Bud&jovice ke Chlumu u Trebong. Sefazeni ano-
mdlii Brt, i kdyZ rtizné intenzivnich, je dal$im dokladem
existence v.-z. zlom{ regiondlnfho vyznamu v j. &asti
Ceského masivu.

Zcela mimoradné jsou v Ceském masivu anomdlie Ep.
Nékteré anomadlie mistniho rozsahu jsou vazdny hlavng
na metabazity rlizného stupné pfemény a podminény pie-
vazng latkove. OvSem nejvyraznéjsi anomdlie Ep v rdmci

celého statnfho Gzemi sleduje esovité zlomové linie regio-
nélnfho vyznamu — hlubinné zlomy klatovsky a sazavsky,
ratajskou zonu, styk svrateckého krystalinika s krystalini-
kem poli¢skym a letovickym a brnénsky masiv. Zlomové
struktury razného plivodu i vyznamu, na nichZz mohly
kolovat hydrotermdlni roztoky, ovlivnily zfejmé podstatné
vznik Ep.

Tézké minerily a metamorfni zondlnost

Prubéh zon stejné intenzity metamorfézy je nejlépe pa-
trny v oblasti bohemika, jak v domazZlickém krystaliniku
a ptilehlém moldanubiku, tak i v krystaliniku tepelském
(Vejnar, 1966; Zoubek in Kratochvil et al.. 1951; Chdb
in Chab, Suk, 1977). V této oblasti je proto mozné zhruba
korelovat metamorfni zény stanovené na zakladé studia
vybrusl se zénami vymezenymi podle TM. Jako zaklad
pro konstrukei vEsiny izogrdd byla vzata hranice mezi
stopovymi obsahy daného minerdlu (0-0,1 g/m*) a obsahy
0,1-1 g/m?, pouze v pripadé Xen, jehoz obsahy jsou velmi
nizké, hranice 0-0,1 g/m’. Naopak Gt, jenZ je témég¥
vsudypfitomnym minerdlem, byla izogrdda zvolena
na hranici pole s obsahy 1-5 g/m?. U Gta Zrn byly vzhle-
dem k vy$S§im obsahiim vyznaceny linie dvé. 1-5 g/m’
u Zrn a 50-100 g/m* u Gt. To doklddd, zZe se stoupajici
metamorfézou stoupd i zastoupeni téchto minerdlu
ve Slichach, u Gt napf. az na 500 g/m?. JelikoZ nelze
v daném terénu predpokladat néjakou vyraznou zménu
chemismu hornin, kterd by ovlivnila rist TM, jde ziejmé
o zvétSovani zrna se stoupajici metamorfézou smérem
k ZJZ, takze jejich v&$i mnoZstvi zustavd v nadsitné
frakci a je zachyceno pri analyze. Tuto skute¢nost doklada
zejména Zrn: obsahy Zr jsou podle analyz podsitné frakce
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Obr. 2. Metamorfni zény v domazlickém krystaliniku a Ceském lese
podle obsahu specifickych t&Zkych minerdldl ve §lichdch. 2A — mine-
rdly klasické metamorfni zoneografie: grandt. staurolit. kyanit. sillima-
nit; 2B — nové zjidténé minerdly vhodné pro metamorfni zoneografii
na zdkladé Slichové analyzy: turmalin, zirkon, xenotim, monazit.
Podrobnosti v textu.

Fig. 2. Metamorphic isogrades in the DomaZzlice crystalline complex
and in the Cesky les Mts.. as established after the analyses of the heavy
mineral concentrates. 2A — classical critical minerals — garnet. staurolite,
kyanite, sillimanite were used for metamorphic zonation: 2B — newly
established diagnostic heavy minerals — tourmaline, zircon, xenotime,
monazite — were used for construction of metamorphic isogrades.

v celém proterozoiku (éméf shodné, ale obsah Zrn
ve frakei TM ziskané Slichovou analyzou vyrazné stoupd
v oblastech s vy$§i metamorfézou. Pribéh izolinii TM
jako indikdtorl metamorfézy bylo tieba upravit i tvarové
v mistech vétdich toki, protoZe fada TM je vyndsena
daleko za mateCnou oblast, jak 3lichové mapy na mnoha
mistech krdsné ukazuji.

[zolinie stejného obsahu TM, a to Gt, St, Ky a Sil,
které byly takto sestrojeny v domazlickém krystaliniku,
kde intenzita pfemény roste smérem k ZJZ, maji pocho-
piteln¢ shodny sled jako izogrady barrovienské metamor-
fozy zjist€né mikroskopicky (Vejnar, 1966; Chib
in Chab, Suk, 1977). U vsech se v8ak projevuje mensi
posun do oblasti slabsi metamorfozy, tzn., ze izogrady
Gt, St, Ky a Sill jsou zjistény rozborem TM dfive, nez
ve vybrusech (obr. 2A). To je pochopitelné, protoze vzorky
TM reprezentuji daleko vétSi mnozstvi horniny nez
vybrusy a objeveni kritického indikdtoru intenzity meta-
morfdzy je mozné jiz pii jeho niz§ich obsazich. Jinak
je prubéh metamorfnich izogrdd paralelni s izogradami
zjisténymi mikroskopicky. Izogrady sestavené podle TM
maji navic tu vyhodu, ze kromé +izogrady lze podle ano-
malif vyznacit i —izogradu, tedy vymizeni ur¢itého meta-
morfniho minerdlu (na obr. 2A jsou —izogrddy vyznaceny
slabSimi ¢arami u St a Ky).

Podstatny pfinos Slichové analyzy je téZ v tom, ze ukd-
zala nékolik dal§ich minerdld, které se mohou pouzit jako
indikdtory metamorfnich zén. Jde o Tur, a pak akcesoric-
ké minerdly Zrn, Mnz a Xen. [zolinie intenzity metamor-
fézy sestrojené obdobnym zpisobem jako u alumosilika-
td, jsou s jejich izogrddami paralelni a projevuje se téz
zietelné sukcese metamorfnich zén (obr. 2B). Prvni je
izograda Zrn, vys$i metamorfézu vyznacuje izograda Xen
a jeSté vyssi izogrdda Mnz. VyS$3i obsahy Zrn (pfes
I g/m?, n&kdy aZz pres 5 g/m?) pak charakterizuji Useky
nejvy3s$i metamorfozy v sillimanitové zéné. Izogrdda tur-
malinu, ktery je podle vysledkd Slichové analyzy nepo-
chybné regiondIné metamorfnim minerdlem se zdkonitym
postavenim v sledu metamorfnich zon, leZi mezi izogrd-
dami St a Ky, eventuelné Gt a Sil v mistech, kde Sil a Ky
nejsou zastoupeny.

Priibéh izograd akcesorii v domazlickém krystaliniku je
nasledujici: izograda Zrn je zhruba shodnd s izogradou Gt,
misty je vSak ponékud posunuta k intenzivnéj$i meta-
morféze. [zograda Xen lezi mezi izogradami St a Ky, izo-
grdda Mnz je zhruba shodnd s izogrddou Ky. V&I inten-
zitu metamorfozy indikuje i stoupajici obsah dalSich ak-
cesorif — ilmenitu, ktery koinciduje zhruba s Gt. a rutilu,
ktery koinciduje se Zrn.

Slichové analyza v oblastech budovanych krystalinikem
zaméfend na TM a na jejich kvantitativni obsah ve §lichach,
které byly jen nepatrné nebo nebyly transportovany od mista
vzniku (autigenni slichy) prokdzala, ze mlze byt vyuzita
nejen k nejruznéjsim tvaham prospekénim, metalogenetic-
kym a loZiskovym, ale i k charakteristice regiondlnich
geologickych jednotek. Vybrané TM poskytuji i cenné
informace o tektonické stavbé a lokalizaci zlomovych
struktur, ¢asto doposud neznamych, a Ize je Uspesné pouzit
i pro fesenf otdzek metamorfni zoneografie.
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Supergénne obohatené zény — mozny zdroj zlata v rozsypoch v oblasti Tribeca
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Supergene cnriched zones — possible source of gold in placers in Tribe¢ Mits.

Two types of gold grains were found in gold placers in Tribe¢ Mts. The origin of the first type of
gold grains is not known. Fine grained nuggets have signs of short transport. The second type of gold is
connected to supergene enriched zones. [t forms most commonly crystals and porous aggregates in tec-
tonic zones in granitoids. where was precipitated on Fe-oxides and hydroxides. Research proved various
chemical composition represented by inhomogenous phases and increased Hg content.

Key words: Tribe¢ Mts.. supergene gold. alluvial gold placers

Uvod

V Zapadnych Karpatoch patri Tribe¢ medzi geologicky
a loziskovo najmenej preskiimané oblasti napriek tomu,
Ze sa tam zlatinky v aluvidlnych ndplavoch svedciace
o0 velkom rozsahu Au mineralizdcie vyskytuji casto.

Casty vyskyt zlatiniek v aluvidlnych ndplavoch a v sv.
Casti zoborského bloku Tribeca sved¢i o existencii Au
mineralizdcie v Studovanej oblasti. Podobne ako v Povaz-
skom Inovci, ani v Tribe¢i nie st zndme primarne vysky-
ty Au mineralizacie. Tento prispevok nacrtdva moznosti
Stadia typomorfizmu Au, ktorym sa v tomto pripade po-
darilo spresnit pohlad na vystupovanie Au mineralizacie
v sv. ¢asti zoborského bloku Tribeca.

Aluvialne rozsypy Au v Tribeci sa tazili v 10. a7 13.
stor. V rovnakom obdobf sa na ochranu ryzovisk postavi-
Ii aj okolité hrady. IlldSova a Ivanovi¢ (2000) predpokla-
daju, ze zlatonosnost potokov stekajlcich z Tribe¢a bola
znama uz pocas keltského osidlenia, no prvd pisomnd
zmienka o ryZovani Au je az z roku 1438. Ryzoviskd Au
pri Slichovej prospekcii ,,znovuobjavil® Poldk (1971),
ktory v oblasti Velkého Kliza zistil dovtedy neznamy typ
Au mineralizacie, ale blizSie ho necharakterizoval. Regis-
traciu ryzovisk Au na Slovensku, ktord eviduje aj ryzo-
visko v Zlatne a vo Velkom KIliZi, urobil Hvozdara
(1998, 1999). Sportové ryzovanie Au v poslednom obdo-
bf na Slovensku prildkalo mnozstvo amatérskych zlato-
kopov. Vzorky aluvidlneho Au (cca 4 g) z Tribeca, ziska-
ného dlhoro¢nym usilim Ivanovica, spracovala 1l11d8ovd
a Ivanovi¢ (2000). Aluvidlne Au zistili v potoku Topol-
nica, Zikava, Zlatnianka, Stranka a v Sla¢ianskom potoku.
Podla Ivanovi¢a (dstna informdcia) sa Au vyskytuje
aj v aluvialnych ndplavoch pri Krnéi.

i

W

Geologicka stavba Studovaného dzemia

Megaantiklindlny hrast Tribeca je rozdeleny skycov-
skym zlomom na severny, rdzdielsky a juzny. zoborsky
blok. V razdielskom dominujii metamorfity a zoborsky
tvoria prevazne granitoidy a mezozoickd obalovd sekven-
cia, ktorti reprezentuju vrstvy spodnotriasového kremenca
(obr. 1). Granitoidné horniny s ¢iasto¢ne zondlnou stav-
bou predstavuji postkinematické intrdzie variského plu-
tonizmu vrchnokarbonskeho veku. Horniny kry$talinika
aj obalové sekvencie su silne postihnuté necalpinskou
tektonikou. V rovnakom obdobi sa vyzdvihom generovali
nizkouhlové listrické zlomy, po ktorych bloky hornin
gravitacne skizavali (Ivani¢ka a Hoék, 1996). Stadium
krehkej deformdcie reprezentujd pukliny smeru SV-IJZ,
ktoré boli s¢asti vyhojené kremennymi zilami (Ivanicka,
red., 1998). Produktom terciérnej tektoniky st aj myloni-
tové zény, ktoré vznikaji za vysSich termodynamickych
podmienok. Vznikali v transpresnom rezime v hibke cca
10 km pri teplote do 250 °C. Vystup kryStalického jadra
v zoborskej casti kontrolovali zlomy smeru SV-IZ,
pozdiz ktorych vystipilo jadro zoborského bloku do dnednej
erozivnej trovne. Podla FT vekov Zr a apalitu sa vyzdvih
Tribeca zacal pred 53 £ 12 Ma z hibky cca 10-11 km
(225 °C) a hibku okolo 5 km (100 °C) dosiahol pred
28 £ | Ma (Kovac et al., 1994).

Metodika

Spracovali sa vzorky aluvidlneho Au z rozsypov
v Zlatne (1,2 g), Klacanoch (do 0,05 g) a Velkom Klizi
(do 0,05 g). Z lokality Velky KliZ — dolina Velké Zeleno
(0,1 g) sa spracovala aj vzorka Au pochddzajiceho
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Obr. 1. Schematickd geologickd mapa sv. ¢asti zoborského bloku Tri-
beca (upravené podla Ivani¢ku, red., 1998). | — granodiority, 2 — leu-
kokratné granity, 3 — obalovd sekvencia. 4 — mladsie paleozoikum
a mezozoikum (veporikum), 5 - cho¢sky prikrov, 6 — neogénne
a kvartérne sedimenty.

Fig. 1. Schematic geological map of NE part of Zobor block — Tribe&
(adapted after Ivanicka, ed., 1998). | — granodiorites, 2 — leucocratic
granites. 3 — cover sequence. 4 — Upper Paleozoic and Mesozoic
(Veporic unit), 5 - Chot nappe, 6 — Neogene and Quaternary sediments.

z velkoobjemovej vzorky (cca 200 kg) z haldového mate-
ridlu starych banskych prdc. Z Panskej hory Au sa ziska-
lo Standardnym Slichovanim. Vzorky Au a rudnych mine-
rdlov sa Studovali pod binokuldrnou lupou a mikrosko-
picky v odrazenom svetle. Fotografie povrchu zlatiniek
metddou sekunddrne emitovanych elektronov (SEM), mi-
nerdlne fazy a inhomogenity zlatiniek metédou spétne od-
razenych elektrénov (BSE) a elektronové mikroanalyzy
Au sa robili na pristroji JEOL JXA 840 A (CLEOM,
Prirodovedeckd fakulta UK) za tychto podmienok: 20 kV,
I5 nA, Standardy — Au, Ag, Sb, Cu, Bi, Hg (HgS). Che-
micky sa obsah Au a Ag zistoval metédou AAS v kre-
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mennej zilovine v Geoanalytickom laboratériu v SpiSske;j
Novej Vsi. Rtg. difrakény zdznam praskového prepardtu
goethitu sa zhotovil na pristroji DRON-3 (GU Prirodove-
deckej fakulty UK) za takychto podmienok: Co. 30 kV,
15 mA, 0,1/s.

Vysledky
Charakteristika aluvialneho zlata

Pri Stidiu vzoriek aluvidlneho Au z potoka Strdnka
(dalej iba Zlatno), z Ceresiiového potoka (dalej Klacany)
a z doliny Velké Zeleno pri Velkom KliZzi sa zistili dva
typy zlatiniek. Prvy je najhojnejsie sa vyskytujicim ty-
pom zlatiniek a tvori hrudkovité zrna velké 0,3 az 2
mm. PlieSkovité zlatinky si v hornych castiach tokov
Studovanej oblasti vzacne. Zriedka sa vyskytuju aj nug-
s hmotnostou 0,125 g; IllaSovd a Ivanovi¢, 2000). Nugge-
ty st sytozlté, ¢asto s oranzovym az oranzovocervenym
naddychom a so znakmi kratkeho transportu. Ostré vy-
¢nelky sa nezachovali a st takmer vzdy zaoblené. Priehl-
binky a dutinky na povrchu zlatiniek st vyplnené biely-
mi a sivymi iflovymi minerdlmi. VacSie zrnd st pomerne
Casto zrastené s kremenom. Ojedinele sa zistili aj tlom-
ky kremena bohato prerasteného Au a v jednom pripade
sa v takomto agregdte naSiel aj karbondt. V agregdtoch
kremena bohato prerasteného Au sa pri sledovani v odra-
zenom svetle identifikovali aj prierezy kryStalov kremena
uzavreté v Au. Zrastanie s inymi minerdlmi sa nezistilo.
Na povrchu nuggetov sa ojedinele vyskytoval Cierny
povlak matného lesku, ktory mohlo sposobit vyzrazanie
Fe oxidov a hydroxidov. Chemické zlozenie zlatiniek
prvého typu sa z technickych pri¢in nepodarilo zistit.
Podla Ivanovic¢a (dstna informécia) sa rydzost pohybuje
okolo 930. Ivanovic¢ zistil aj tvorbu vysoko rydzeho
lemu, v ktorom rydzosf stiipa na 980. Tvorba takéhoto
lemu je velmi dobre pozorovatelnd na vacsine rezov zla-
tinkami aj v odrazenom svetle. Lem sa na okrajoch zlati-
niek oproti homogénnemu stredu, ktory je jasnozlty
a s vySSou odraznosfou, prejavuje sytozltou az oranzo-
vou farbou, pérovitou Struktirou a nizSou odraznostou.
Druhy typ zlatiniek sa hojne vyskytuje vo Velkom
Klizi, v Klacanoch a zriedka v Zlatne. Zlatinky takmer

Tab. |
Chemické zloZenie sekunddrneho Au z Velkého Kliza
Chemical composition of secondary gold from Velky Kliz area

Au Ag Hg Cu Bi Sb Fe

1 79,2-81,26 16,4-24.34 0-1.25 0,01-0.16 0-0,65 0,02-0,13 0,22-0,36
79.95 18.68 0.61 0.07 0.27 0,08 0,28

2 93.04-98.38 1,01-2,03 0,81-1.53 0-0,12 0,74-1,25 0.01-0.12 0,38-2.16
94.99 1,34 .12 0,06 0.95 0.06 0.97

3 85.36-91.95 7.52-9,13 0.99-1.66 0-0,2 0-0,52 0.02-0,11 0.16-0.26
87,55 8,53 1,34 0.15 0.26 0.05 0.22

4 85.22-89.29 7.69-8.89 1.22-1.32 0.08-0.14 0-0.89 0,09-0.14 0.17-0.21
88.26 8.39 1,27 0.1 033 0.12 0.19

Legend: I (4 anal.) — dark phases, 2 (7 anal.) — light phases. 3 (13 anal.) — grey phases. 4 (5 anal.) — homogeneous gold grains, X of all analyses

varies 97.89-101.76
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Vozdioy lata sy vozapochy oblasin Tribeca

Obr. 2.a.b.c. d.e. f - rozhi¢ne typy krystdloy sekunddrneho zlata 2 Velkeho Kliza

Fig. 2. a.b. c. d.e. [ - various crystals of secondary gold from Velky Kliz area

vzdy vytvdraja izolované krys$idly prevazne hevaédric-
kého habitu. sporadicky aj oktaédrické. Zistili sa aj zras-
1y a spojky hexaédrov a tetraédrov. ako aj listovité zrna
s ndznakmi kryStalovych ploch alebo plieSky s geomet-
ricky ohrani¢enymi okrajmi (obr. 2). Zlatinky sd velké
od 0,05 do 0,3 mm, vyznacuji sa vysokym leskom
a vyraznou svetlozltou farbou. Krystdlové plochy si
vicSinou hladké, v niekolkych pripadoch sa spozorovali
prichlbinky a pdry, pravdepodobne znaky tvorby vysoko
rydzeho lemu pri supergénnom zvetravani, Niektoré zla-
tinky krickovitého tvaru si silne pérovité az hubovité
(obr. 3d). Znaky opracovania a transportu sa neidentifiko-
vali. Pri sledovani v spitne odrazenych elektronoch (BSE)
sa zistila velkd inhomogénnost zlatiniek (obr. 3a, b).

Izolované kry3tdly boli homogénne. s priemernou rydzo-
stou 883 (1ab. 1, anal. 4). Vyznacujui sa tiez aj vyS$§im
obsahom Hg. v priemere okolo 1.27 hmot. %. Inhomo-
génne boli najma pdrovité zlatinky so slabym ndznakom
kryStdlovych ploéch. V ich rdmci sa zistili tri rozli¢né
fazy, odliSujlice sa aj chemickym zloZenim (obr. 4). Naj-
svetlej$iu fazu tvorl vysoko rydze Au (priemernd rydzost
okolo 950). Charakteristicky je vy3si obsah Hg, v prie-
mere okolo 1,12 hmot. % (tab. 1, anal. 2). NajtmavSiu
fazu tvori Au s priemernou rydzostou 799. Maximdlny
obsah Ag bol 24,34 hmot. % (tab. I, anal. 1). Sivi fazu
tvori Au s priemernou rydzostou 875 (tab. 1, anal. 3).
Jej chemické zloZenie zodpoveda zloZeniu zlatiniek ziste-
nych v podobe izolovanych krystdlov (tab. |, anal. 4).
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Obr. 3. a. b - inhomogénne zrna sekundarneho Au z Velkého Kliza. jednothy € 47y zodpovedajd analyzam v tab 1. ¢ - sehundéarne Au vyplnaju
ce duunky vo Fe oxidoch a hydroxidoch. d — prierez $pongiovitym zrnom sekundarneho Au
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Fig. 3. a, b — inhomogeneous grains of secondary gold from Velky KliZ area, ¢ — cavities of Fe-oxides and hydroxides filled by secondary gold.

d — cross-section of spongy grain of secondary gold.
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Obr. 4. Graf zdvislosti Auod Ag (hmot. %) v sekunddrnom Au z Vel-
kého Kliza.

Fig. 4. Plot of Au vs. Ag content (wt. %) in secondary gold from the
vicinity of Velky KliZ.

Charakteristika supergénne obohatenych zon

Kremennd mineralizdcia (£ pyrit) viaZuca sa na tekto-
nické zony v granitoidoch je podla naich zisteni velmi

roz§irend v celej oblasti medzi Zlatnom, Klacanmi, Vel-
kym Klizom a Skycovom. Potvrdzuje to hojny vyskyt
tlomkov kremenia v sutine a v aluvidlnych naplavoch
potokov drénujuicich Studovant oblast, ktoré boli na
mnohych miestach predmetom kutania aj v minulosti
(napr. v doline Panskd hora pri Velkom KliZi, v sedle na
V pod Javorovym vrchom (k. 730), v oblasti Zlabov
pod Ciernym hradom (k. 573) nad Zlatnom, pri Klaca-
noch na turistickom chodniku vedicom na Velky Tribec¢
(k. 829) atd.

Vystupovanie Au v haldovom materidli starych ban-
skych diel v doline Panskd hora pri Velkom Klizi prvy
zistil Poldk (1971). Ide o pingové pole na lavej strane
Gdolia velké asi 150 x 60 m vzdialené okolo 600 m od
tstia doliny. Druh4 skupina ping je na pravej strane tido-
lia, md celkov( rozlohu priblizne 150 x 20 m a je vo
vzdialenosti okolo 300 m od ustia doliny. Malé banské
diela (pingy a odkopy) sleduju zény tektonicky silne po-
ruSenych granitoidov so SoSovkami a Zilami kremena.
Podla rozsahu starych banskych diel st zény hrubé nie-
kolko m, maximalne prvé desiatky m. Rozsirenie tlom-
kov kremeria velkych az 0,5 m sved¢i o tom, Ze smerny
rozsah SoSoviek a Zil je maximdlne niekolko desiatok m.
Kremen je prevazne mlie¢nobiely, miestami iy, sivy az
hnedy, velmi podobny kremenu metamorfného povodu.
Casto ho tektonicky silne porusuje hustd sief puklin,
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pozdlz ktorych sa rozpadéva na pravidelne ohranicené
tlomky. Miestami sa v haldovom materidli vyskytuju aj
bloky masivneho tektonicky neporuSeného kremena.
V jeho vicsich blokoch s hojné uzavreniny okolitej
granitoidnej horniny, ktord ma vzdy povahu kataklazitov
aZz mylonitov. Granitoidnd hornina je vac¢Sinou uplne
premenend na zmes chloritu a kremena a jej pévodna
Struktira sa nezachovala. Hornina méd bridli¢naty charak-
ter, vrstvi¢Ky st niekedy plasticky deformované a na plo-
chach bridli¢natosti je Casty povlak sekundarnych mine-
ralov Fe. V kremeni sa dost ¢asto vyskytujd hniezda vel-
ké az 5 cm alebo az 3 cm velké krystdly pyritu hexa-
édrického habitu, ktory je lokdlne pomerne hojne aj ako
impregndcia hexaédrickych krystdlov v okolitej tektonic-
Ky porudenej hornine. Pyrit je najcastejsie premeneny na
Fe sekunddrne minerdly. Praskovou rtg. difrakénou ana-
I¥zou sa potvrdil goethit 4,19 (10), 2,45 (8), 2,70 (4),
2,25 (4). Vo velkoobjemovych vzorkdch z haldového
materidlu ping sa potvrdila pritomnost Au. Iné minerdly
sa v kremennej vyplni SoSoviek a zil nezistili. V (azke]
frakcii suchych Slichov sa vyskytuji len akcesorické mi-
nerdly charakteristické pre granitoidy (titanit, zirkdn. tur-
malin, magnetit a apatit). Zlatinky sd velké od 0,01 do
0,5 mm. Najviac Au sa koncentruje vo frakcii pod
0,1 mm. Velmi ¢asto sa prerastd s Fe seckundarnymi
mineralmi, jeho jednotlivé kry$tdly narastaji na agregdty
goethitu, tvoria v niom drobné 0,0X mm dlhé Zilky a vy-
plfiajd jeho dutiny a pdry (obr. 3¢). Morfolégia aj che-
mické zloZenie Au je totozné s aluvidlnym Au druhého
typu. Obsah Au (0,047 ppm) a Ag (0,4 ppm) v kremeni
je velmi nizky. Velmi nizky je aj obsah zlatiniek v hal-
dovom materidli starych banskych diel (do 10 zfn
na Slich). Materidl je vac¢Sinou na Au sterilny. Najviac
zlatiniek sa naslo v miestach s hojnym vyskytom Fe
sekunddrnych mineralov.

Diskusia

Supergénne Au v aluvidlnych rozsypoch v oblasti Tri-
beCa pochddza z tektonickych zon s polohami Fe oxidov
a hydroxidov vznikajtcich najmd zvetrdvanim pyritu. Pri
absencii Fe sulfidov v tektonickych zénach mézu Fe oxi-
dy a hydroxidy vznika( aj zvetrdvanim silikdtov s obsa-
hom Fe. Karbondty, z ktorych mozu Fe sekunddrne mine-
raly zvetrdvanim tieZ vznikal, sa nezistili. Nizky obsah
Aua Ag v kremeni podobne ako Polakove (1971) zistenia
(0,04-0,06 ppm Au) potvrdzujd, Ze sa Au neviaZe na kre-
menné SoSovky a zily v tektonickych zénach. Kremenno-
-pyritove Sosovky a Zily nie st na tvorbu sekunddrnej Au
mineralizdcie podmienkou. Vyskyt supergénneho Au
v 8lichoch sved¢i o tom, Ze tento typ mineralizacie je hojne
roz8ireny v celej sv. Casti zoborského bloku Tribeca.

Vznik supergénneho Au sa spaja s oxiddciou pripovr-
chovych ¢asti mineralizovanych telies v supergénnych
podmienkach. V zdvislosti od pH prostredia mdze vznikat
vysoko rydze Au alebo Au s vysokym obsahom Ag.
Podla Webstera (1986) je moZny prenos a remobilizacia
Au v chloridovych komplexoch za pritomnosti silného
oxidanta. Tym sa dd vysvetlil remobilizdcia Au na loZiskach,
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kde sa kyslé podmienky vytvoria pri zvetrdvani rid a pri
nasledujicom vzniku oxidov a hydroxidov. Webster
a Mann (1984) a Lawrance a Grifin (1994) opisuju vznik
supergénneho Au redukciou na Fe oxidoch. Au ma vyso-
ki rydzost, pretoze rozpustnost Ag je v chloridovych
komplexoch vysSia. Sekunddrne Au s nizkou rydzostou
vznikd pri zvetrdvani a nasledujucej precipitdcii na Mn
a Fe oxidoch a hydroxidoch v neutrdlnom az alkalickom
prostredi (Webster a Mann, 1984; Milési et al., 1999;
Bahna a Chovan, 2001).

Inhomogénnos( v zlatinkdch pochddzajicich zo super-
génne obohatenych zon spdsobuje odliSny obsah Ag.
Podla Boyla (1979) sa inhomogénnost v Au pripisuje
rozpistaniu v pevnom stave alebo difuzii Ag do zlatiniek
z fluid cirkulujdcich tektonickymi zénami. Obsah Hg
kolise vo velmi malom rozmedzi a je pravidelnou primesou
v opisovanom Au.

Model tvorby Au mineralizacie, a to od vzniku tzv. ne-
viditeIného Au, jeho remobilizacie az po vznik supergén-
ne obohatenych zén opisal Bonnemaison a Marcoux
(1990). Podobnd metalogenézu opisal Mato a Malovd
(1993) z loziska Uderind, ktort koncentraciu Au minera-
lizacie vo vrchnej drovni striznych zén pripisujd inten-
zivnym supergénnym procesom. Z doterajSich vysledkov
vyplyva, Ze primdrny zdroj Au mineralizacic vo Velkom
Kli7i, ako aj na inych vyskytoch supergénneho Au v §li-
choch v oblasti Tribeca treba hladaf v hlbsSie poklesnu-
tych blokoch krystalinika. Fluidd meteorického povodu,
ktoré st pricinou remobilizacie a nasledujtcej precipitdcie
Au, prudili z hlbsej tGrovne tektonickych zon, v ktorych
blizkosti je logické predpokladat primdrny zdroj Au.
Povod aluvidlneho Au prvého typu sa nepodarilo objasnit.
Z krdtkcho transportu a slabého stupia opracovania
nemozno vyvodil presvedCivé zdvery. Pravdepodobne by
sa mohlo jednat o analég Au-kremenovej mineralizdcie
znamej z Pezinka, Krivana atd. Ivanicka (red., 1998) spdja
Au mineralizdciu s kremennymi Zilami vystupujicimi
na SZ od Zlatna.

Oblast primdrneho zdroja aluvidlneho Au prvého typu
bola pravdepodobne v centrdlnej Casti zoborského bloku
vo vyzdvihnutych blokoch krystalinika a odstrdnila ju
erozia. Jej relikty mozno predpokladat na okrajoch sv.
Casti zoborského bloku, kde st poklesnuté bloky kryStali-
nika so supergénne obohatenymi zonami so sekunddrnou
Au mineralizaciou.

Podakovanie. Laboratérne prdce boli financované z grantu Prirodo-
vedeckej fakulty UK 9/2000.
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Inkluazie zlata v arzenopyrite v asociacii mineralov teliru
v zrudneni Jasenie-Kysla, Nizke Tatry

JOZEF STANKOVIC! a PETER ANDRAS?

'Prirodovedecka fakulta UK, Mlynska dolina, 842 |5 Bratislava
stankovic@fns.uniba.sk
2Geologicky tstav SAV, Severnd 5. 974 01 Banskd Bystrica
andras@ gubb.sk

(Dorucené 21 6. 2001)

Gold inclusions in arsenopyrite associated by tellurian minerals
from Jasenie~Kysla deposit, Nizke Tatry Mits.

The article describes mineral association of gold inclucions containing arsenopyrite with tellurian mi-
nerals (tellurobismutite, tetradymite) in the quartz veins with scheelite and bismutinite mineralization.
Fine-grained euhedral gold-bearing arsenopyrite shows very homogenous chemical composition. Ag
contents in gold inclusions vary in range 7-9 wt. %: another elements (Te, Bi. Sb, Hg, Cu) are usually
below the detection limit. Although arsenopyrite by assemblaged minerals never form masive ores. they
represent a significant part of the mineralization of the Nizke Tatry Mts.

Key words: gold inclusions, arsenopyrite, Bi and Te minerals, Nizke Tatry Mts.

Uvod

Zlatonosnému zrudneniu v oblasti Jasenie-Kysla
v Nizkych Tatrach sa zvysend pozornost venuje uz takmer
dve desatrocia (Pulec et al., 1983; Berika a Suchy, 1983).
Okrem geologicko-loZiskového hodnotenia tohto vyskytu
(Moldk a Pecho, 1983) komplexnejsi pohlad na variabil-
nost mineralizdcie a povahu okolitych hornin priniesla
praca SpiSiaka et al. (1988, 1998), Bldhu a Vitdska
(1998), Hovorku et al. (1983, 1994), Krista et al. (1988),
ale aj inych autorov.

W-Au mineralizdcia Studovanej oblasti ma Zilny aj im-
pregnacny charakter. Zrudnend zona je dlhd 15 km a Siroka
500 az 1000 m. Zily smeru S—J so sklonom na V tvorf
hlavne kremen, redsie aj karbonaty a ich hribka koli$e od
niekolko desiatok ¢cm do niekolko metrov. Pre Zilniky je
charakteristicky sklon na SZ alebo JV a hribka do | m.
Priemerny obsah Au v rude je 1,15 ppm (Moldk a Pecho,
1983).

Mdssbauerovskd spektroskopia potvrdila, ze Au tu
vstupuje do zlatonosnych sulfidov ako metalické vo for-
me inkluzii (Andras et al., 2000), nie ako .,neviditelné™
Au viaZzuce sa v mriezke sulfidov, ktoré sa zas zistilo
v rade inych lokalit. Kym Au vysoke| rydzosti
(89-99 hmot. %) tu vystupuje spolu s W minerdlmi
(volframit a scheelit) a sulfidmi v kremeni (Bldha a Vitdsek,
1998), pre inkltzie Au v sulfidoch v asocidcii s karbondtmi
je charakteristickd niZsia rydzost (obsah Ag nad 10 %
hmot.).

Niektoré zlatonosné zrudnenia v Nizkych Tatrach boli
vyhodnotené aj na zaklade meranf termoelektrického napa-
tia a vysledkov Stddia stopovych prvkov (Ni, Co, As.

Sb, Cuai.) v sulfidoch, pricom sa zistili vy’vrazné diferencie
hodndt v zdvislosti na type mineralizdcie (Durza a Chovan,
1981). Pri scheelitovej etape mineralizacie hodnoty koefi-
cienta termoelektrického napitia predstavuji aj dplne iny
typ vodivosti aky sa potvrdil pri dal§ich typoch minera-
lizacie (antimonitovd, tetraedritova atd’)

Metdda vyskumu

Vzorky arzenopyritu s inkltziami Au (obr. 1 az 4)
vystupujicimi v asocidcii minerdlov Te (telurobizmutit
a tetradymit) a bizmutinu sa analyzovali elektrénovym
mikroskopom JEOL 840A za pouzitia 20 kV urychlova-
cieho napdtia, pridu 12 nA a analytickych linif Mot pri
Au, Lo pri Ag na krystdli detektora PET. Pri analyzach
WDS sa ako Standard pouzilo rydze Au, Ag, Te, Sb, Cu
a HgS. Tieto stopové prvky sa sledovali, lebo su z radu
inych vyskytov v Zapadnych Karpatoch (Mato a Matov4,
1994; Bahna a Chovan, 1999; Rojkovi¢ a Rojkovic¢ova,
1999; Baco et al., 1999; Kyselica a Hvozdara, 1999;
Matasovsky, 1999).

Tab. 1
Analyza chemického zloZenia inklizii Au v arzenopyrite
Chemical composition of Au inclusions in arsenopyrite

Por  Au Ag Te Cu Bi Sb Hg P
¢islo
I 9256 7.0l 0 0.09  0.05 0 0.17  99.88
2 9062 898 0,02 0 0 0.03 0,14 99.79
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4827 13K 188rn WO33
Obr. 1. Mikrostruktura inkluzit Au. Bi a Te minerdlov v arzenopyrite.
BEI

Fig. 1. Microstructure of Au inclusions. Bi and Te minerals in arseno-
pyrite. BEI
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Obr. 3. Pohlad na ndbrus agregdatu homogénneho a katakldzovaného
arzenopyritu s inkltiziami Au; BEL
Fig. 3. Back scattered electron image of the polished section of homo-
genous and cataclastic arsenopyrite by Au inclusions.

Analyzované inklizie Au v arzenopyrite st velké cca
10 wm, vysledky analyz sd v tab. | a na porovnanie
s niektorymi dal$imi vyskytmi aj na obr. 5.
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Obr. 2. Koexistencia mhlizii Au, Br a e nuneraloy a arzenopyritu.
BEI

Fig. 2. Back scattered electron image ol coesisting Au inclusions.
Bi and Te minerals and arsenopyrite
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Obr. 4. Detailny zaber chemicky homogénneho arzenopyritu s inkli-
ziou Au: BEL
Fig. 4. Magnified view of chemical homogenous arsenopyrite by Au
inclusion: BEL

Z obrazkov je zrejmé, Ze ide o pomerne vysoko rydze
Au s nizkym obsahom Ag (7-9 % hmot.) takmer bez
dalsich prvkov (Te, Sb, Cu alebo Hg). Kompozicie arzeno-
pyritu zhotovené detektorom na spétne rozptylené elektrony
(BEI) potvrdzuji jeho homogénne chemické zloZenie.

Obr. 5. Graf pomeru Au/Ag z rozli¢nych zrudneni. | — priemet analyz
zo Studovanej mineralizdcie, 2 — z oblasti Jasenia (Bldha a Vitdsek.
1998) a Magurky (Chovan et al., 1995), 3 - z rozsypov veporika (Kyse-
lica a Hvozdara, 1999). 4 — Niznej Boce (Smirnov. 1999), 5 — Pukanca
(Bahna a Chovan, 1999) a Hnuste (Horal a Hvozdara. 1999).

Fig. 5. Chart of Au/Ag relation from various ore mineralizations.
| — projection of analyses from studied mineralizations, 2 —from Jase-
nie (Blaha and Vitdsek, 1998) and Magurka (Chovan et al., 1995).
3 - from placers of Veporicum (Kysclica and Hvozdara, 1999),
4 — from Nizna Boca (Smirnov, 1999), 5 — from Pukanec (Bahna and
Chovan, 1999) and Hnugta (Horal and HvoZdara, 1999).
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Diskusia

Mikrografy zhotovené na EM JEOL 840A s pouZitim
detektora na spdtne rozptylené elektrény (obr. 1-4) doku-
mentuji z chemickej stranky homogénnu a nezondlnu
povahu arzenopyritu s pomerne hojnymi inkldziami Au
v asocidcii sulfidov, sulfoteluridov a teluridov Bi. Tym sa
potvrdil ndhlad, ze Studované zrudnenic md metalicky
charakter vystupovania Au v sulfidickej mineralizacii.
Okrem asocidcie Te a Bi minerdlov sa inklizie Au v arze-
nopyrite vyskytuji iba vzdacne. Pritomnost tychto mine-
ralov v asocidcii s arzenopyritom tak vyznamne zvySuje
pravdepodobnost vyskytu aj inkldzii Au. Asocidcie Bi
minerdlov s viditelnym Au st opisané aj z dalSich loka-
lit, a to nielen z Nizkych Tatier (Hvozdara, 1971, 1987,
1999; Chovan et al., 1988, 1995; Jelet et al., 1999;
Horal a Hvozdara, 1999; Antal, 1987, ai.), ale aj z Ceského
masivu (Mordvek, 1999). Avsak sdm vyskyt Bi minerdlov
nemusi by( vzdy zdrukou aj vyskytu inklazii Au (Ozdin
etal., 1998, 1999, 2000; Majzlan et al., 1997, 1998; Bakos
a Chovan, 1999; Chovan et al., 1998, 1999).

Zaver

Praca nadviazuje na doterajsie poznatky o zrudneni v ob-
lasti Jasenia, ktoré viacro¢nym vyskumom ziskal velky
tim pracovnikov, ako aj na udaje z okolitych bansky ex-
ponovanych loziskovych oblasti. Sledovanim chemic-
kého zloZenia inklizii Au v arzenopyrite, ktoré sa vysky-
tujui v asocidcii s bizmutinom, telurobizmutitom, tetrady-
mitom, ako aj so scheelitom v kremennych Zildch sa po-
tvrdila pomerne vysokd rydzost Au (obsah Ag do 9 %
hmot.) a vystupovanie v metalickej forme v podobe sa-
mostatnych minerdlnych fdz — intermetalickych Au-Ag
zliatin. Distriblcia inklizii Au v arzenopyrite pozitivne
koreluje s pritomnostou uvedenej asocidcie mineralov.

Préca vznikla v rdmci projektu VEGA MS SR 2/1138/21
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Paragenéza a typomorfizmus vzacnoprvkovych akcesorickych mineralov

v granitoch Zapadnych Karpat
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(Dorucené 5. 10. 2001)

Paragenesis and typomorphism of the REE-accessory minerals of the Western Carpathian granites

The most characteristic REE accessory minerals of the Western Carpathian granites which concen-
trate light rare earth elements are represented by monazite, allanite and apatite. Typomorphism of each
of these mineral phases is specific with dependance on the bulk composition of rock. Monazite is the
most typical REE accesory mineral of the Lower Carboniferous granites with S-type affinity although it
occurs also in the [-type granitoids but only in the late, differenciated members. It is known also in the
A-type granites and from the specialized S-type granites of the Western Carpathian granitoids. Monazite
usually forms from melts with water amount bellow 3 wt. %. Higher contents of the huttonite as one of
the monazite end-members is linked with monazite genesis in refatively higher temperature melt, on the
other hand, higher contents of the brabantite molecule indicates Al-saturated melt along with its higher
alkalinity character. Allanite is a typomorphic mineral of I-type granitoids and it is believed to form at
higher fO, and probably at increased water contents 5-6 wt. %. The content of the Al,O; in the allanite
from the I-type granitoids does not exceed 15 wt. %, on contrary, allanite from S-type granites com-
monly contains more than 20 wt. % AL, O, and the same value is typical also for the secondary allanite
forms. Apatite has a low concentration of the LREE but due to its locally high quantity, also becames an
important phase in the bulk budget of the LREE. Apatite composition is characteristically different in
[- and S-type granitic rocks. In comparison with the apatites from [-type granitoids, negligible Eu-negative
anomaly and higher content of Mn and Fe are characteristic features of apatites from S-type granites.
The highermost fluorine content in apatites was found in fluorine-bearing specialized S-type granites.
The distribution of the heavy rare earth elements is controlled mainly by aenotime, zircon and garnets.

The typomorphic character of these minerals has not been investigated in detail.

Key words: allanite, apatite. monazite, granite, Western Carpathians

Uvod

Distribicju prvkov vzacnych zemin v granitickych hor-
nindch takmer vylu¢ne ovladaji akcesorické minerdly,
pretoze az 95 vah. % prvkov vzécnych zemin je obsiah-
nutych prave v tychto minerdlnych fazach (Gromet a Sil-
ver, 1983). Medzi najrozsirenejsie vzacnoprvkové akceso-
rické mineraly sa zaraduje monazit, allanit a xenotim, ale
vo vyznamnej miere sa na distribdcii vzdcnych zemin
zUcastiuje aj titanit, apatit, zirk6n a grandt. Monazit a al-
lanit, no aj apatit a titanit st selektivnymi koncentrdtor-

mi prvkov lahkych vzécnych zemin, kym xenotim, Zr

a grandt vyznamne vplyvaji na celohorninovi distribiciu
fazkych vzdcnych zemin. Koncentrdcia obidvoch skupin
akcesorickych mineralov v granitoidoch zavisi hlavne od
stuptia diferencidcie magmy, lebo frakcionécia najroz§ire-
nejSich hlavnych vzacnoprvkovych minerdlov tieto ele-
menty z primdrnych kyslych tavenin odeerpdva efektivne.
Samotnd stavba primdrnych paragenéz vzacnoprvkovych
akcesorickych minerdlov, ktoré selektivne koncentruji
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lahké prvky vzdcnych zemin, priamo odrdza chemické
zloZenie horniny, obsah fluid v tavenine, nasytenost
systému Al, ale aj aktivitu alkalickych zemin, najma Ca.

Typickym znakom vsetkych asocidcii vzdcnoprvkovych
akcesorickych minerdlov je allanitovo-monazitovy anta-
gonizmus, ktory sa prejavuje pritomnostou alebo nepri-
tomnostou jednej z uvedenych minerdlnych féz. pri¢om
plati, Ze ak v granite dominuje napr. allanit, monazit ale-
bo tplne chyba, alebo je v porovnani s allanitom zastui-
peny len podradne. Antagonisticky vziah tychto mine-
ralov sa v Zapadnych Karpatoch identifikoval vo vSetkych
typoch variskych kyslych magmatitov (Hovorka, 1968;
Chovan a Hatdr, 1978; Veselsky a Gbelsky, 1978; Gbel-
sky, 1982) i v alpinskych granitoidoch (Hatar et al.,
1989) a vieobecne sa vysvetluje aktivitou Ca, pri ktorej
pokles koncentracie Ca vedie k prednostnej tvorbe mona-
zitu a jej rast sa naopak prejavuje vznixom allanitu (Lee
a Silver, 1964; Snetsinger, 1967; Cuney a Fridrich, 1987,
Parrish, 1990; Casillas et al., 1993; Broska et al., 2000).
Koncentrdcia Ca vSak sama osebe nie je rozhodujicim
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Tab. |
Priklady reprezentativnych koncentrdcii akcesorickych minerdlov v niektorych granitovych suitdch Zdpadnych Karpadt (g/t)
Example of representative concentrations of accessory minerals in some granitic suites in Western Carpathians (g/t)

T-87 T-25 T-36 T-60 ZK-26 ZK-13 GRS-3 DRS-5
Orogén varisky varisky varisky varisky var. postorog. var postorog. neoalpinsky  neoalpinsky
Hornina Bt. Leuko- Bt. Leuko- Bt. Leuko- Amf.-Bt. diorit

tonalit granit tonalit granit granodiorit granit granodiorit .
Pohorie Tribec Tribe¢ Tribec Tribe¢ Slov. rud. Slov. rud. Stiav. vrchy  Stiav. vrchy

Krn¢a Celadince Velcice Zlatno
Typ S S [ A Spec. S I |
zirkén 252 178 478 166 23 4 99 15
apatit 1750 7 826 105 0.5 657 307 61
monazit 220 5 - 0, <0.5 44 - -
allanit 2 - 140 i <0.5 - - -
titanit - - 10 0.f 0,5 3 - |
rutil - 2 0.5 - 1 <0.5 -
grandt - | <0.5 940 15 - -
amfibol - - - - - - 2 <0.5
magnetit 4 1 689 1500 6 13 9471 5996
pyrit 1 0,5 1 2 3 37 115
limonit 2 13 8 - 76 <0.5 |
leukoxén - - 10 - 9 <0,5 <0.5
epid.—zoisit 2 <0,5 69 130 1 12 5 <0.5
ilmenit 2 12 30 2 0.5 - <0.5 <0.5
arzenopyrit - - - - - <0,5 <0.5
xenotim - - - - - - -
turmalin — - - - 6540 — -
topas - - - _ 05 _ _
hematit - - - - 46 - -
kasiterit - - - - 24 — -

faktorom kontrolujdcim tento vztah. Predpokladame, ze
spolu s aktivitou Ca tento systém vyznamne reguluje aj
obsah fluid v tavenine a teplota.

Paragenéza akcesorickych mineralov

Asocidcie akcesorickych minerdlov v granitoch Zdpad-
nych Karpdt, v ktorych — s vynimkou neoalpinskych gra-
nitov — maji dolezité postavenie aj vzdcnoprvkové akce-
sorické minerdlne fazy, moZzno v zédsade rozdeli{ do nasle-
dujlcich piatich paragenetickych skupin.

. Monazit, ilmenit, apatit, xenotim a grandr. Mater-
ské granitové Utvary s touto asocidciou vznikali najma
v spodnom karbdne a paragenéza indikuje niz§i obsah vody
v povodnych tavenindch s primérne niz§fm obsahom
dvojmocnych kovov. Horniny tejto skupiny majd afinitu
ku granitom typu S (Broska a Gregor, 1992; Petrik a Ko-
hat, 1997).

2. Allanit, apatit, magnetit, titanit £ amfibol. Paragené-
za je charakteristickd pre variské granitové telesd utvorené
prevazne vo vrchnom karbdne, odrdza vyssiu fugacitu O
aj vysSSi obsah vody v pdvodnej tavenine (> 5 vah. %).
Materské horniny indikuja afinitu ku granitom typu I
(Petrik a Broska, 1994).

3. Turmalin, monazit, zirkdn, apatit, anatas, grandt,
topds a fluorit. Paragenéza tohto typu vznikala pri vy$iej
aktivite B a F, indikuje reduk¢né prostredie a je charakte-
ristickd pre spi§sko-gemerské granitové ttvary.

4. Magnetit, allanit, titanit, apatit a torit. Je to typickd
paragenéza paleoalpinskych zdpadokarpatskych resp.

rochovskych granitov. Ich druhd intruzivnu fazu spreva-
dzala tvorba molybdenitu, pyritu, ferberitu a scheelitu
(Hatar et al., 1989).

5. Magnetit, amfibol, apatit, epidot, pyrit £ pyroxen.
Paragenéza je priznac¢nd pre alpinske granitové telesa tvo-
riace hodru$sko-Stiavnicky intruzivny komplex a vyzna-
Cuje sa dominantnym vyskytom magnetitu v koncentricii
od x.0 do 0.x vdh. % a takmer tplnou absenciou primarnych
vzacnozeminovych minerdlov (Rajnoha, 1987; Rajnoha
a Hrabcak, 1989).

Priklady niektorych typickych paragenéz akcesorickych
minerdlov st v tab. I.

Typomorfizmus najbeznejsich vzacnoprvkovych
akcesorickych minerdlov

Monazit. Monazit je fosfat lahkych prvkov vzdcnych
zemin a jeho chemické zlozenie mozno vyjadri( troma
monoklinickymi koncovymi ¢lenmi, a to monazit LRE-
EPO,, brabantit CaTh(PO,) a huttonit ThSiO, (Burt,
1989; Fleisher a Mandarino, 1995). Je to charakteristicky
minerdl granitovych zdpadokarpatskych telies s afinitou
typu S, a preto je typicky pre bratislavsky masiv Malych
Karpdt, Povazsky Inovec (bojniansky blok), Suchy, Malu
Maguru, Ziar, jz. ¢ast Tribeca, S a V Malej Fatry, Velki
Fatru, Zapadné Tatry, veporsky typ granitov a pre spissko-
gemerské granity v Slovenskom rudohori. Vyskytuje sa
vSak aj v granitoch typu A vo veporiku, ako je hronc¢ocky,
ale aj vo vyssich diferencidtoch granitov typu I, ked’ je
bezny v ich kyslych diferenciatoch. Na jednej strane je
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Obr. 1. Ilustracia velkosti huttonitového komponentu v monazitoch
Tribeca. Okrajovd Casl pohoria, ktlord reprezentuje vzorka T-87,
md nizsi podicl huttonity v monazitoch nez T-18 z centrdlnej Casti
pohoria.

Fig. 1. Mustration of amount of huttonite component in monazites of
the Tribe¢ Mts. Marginal part of the mountain range, being represented
with sample T-87. has ower huttonite content in monazite than T-18
from central part of mountain range.

rast huttonitovej zlozky v monazite funkciou teploty
(obr. 1) a na druhej rast brabantitovej molekuly odrazom
vy$Sej nasytenosti Al v primdrnej tavenine (obr. 2). Zvy-
Sovanie huttonitového komponentu v monazitoch sa zis-
tilo v Tribeci, kde sa v centrdlnej ¢asti na rozdiel od okra-
Jov nasli monazity s vy$§im obsahom huttonitovej mole-
kuly. Rozdiel v teplote v tomto pripade indikovala Zr
saturaCnd teplota aj REE geotermometer. Vysoky podiel
brabantitovej molekuly sa v monazitoch tvori vo vyrazne
peralumindznych granitovych dtvaroch, napr. v ¢inonos-
nych granitoch Krusnych hdr, odkial sa brabantity prvy
raz na svete opisali aj z granitov formovanych z rezidual-

Hu

Erzgebirge
Mala Fatra
Diha Dolina

s A AT,

2 SXNNN el

Mnz " Brab

Obr. 2. Nomenklatdra systému 2 CePO, (Mnz) — CaTh(PQ,), (Brab) —
2 ThSiO,4 (Hu). Vzorky z Dlhej doliny (spissko-gemerské granity)
tvoria Ciastocne aj brabantitové koncové ¢leny monazitov.

Fig. 2. Nomenclature of system 2 CePO, (Mnz) — CaTh(PO,),
(Brab) — 2 ThSiO, (Hu). Samples from the DIhd dolina valley (Spis-
-Gemer Ore Mts. granites) represent partially also brabantite end-
members of monazites.

nych tavenin bohatych na F (Foster, 1998: obr. 2). Vy§si
obsah tejto molekuly sa v monazitoch Zapadnych Karpat
zistil v pegmatitoch Povazského Inovca, ale najma
v spiSsko-gemerskych granitoch (obr. 2). Monazit sa
na rozdiel od allanitu tvorf pri niz8ej fugacite O a pravde-
podobne pri obsahu vody v tavenine neprekracujicom
3 vah. % (Petrik a Broska, 1994). Relativne nizSiu teplo-
tu vzniku monazitu v porovnani s allanitom indikuje aj
Jjeho paragenéza so zirkonom, ktory v granitoch s monazi-
tom vykazuje podstatne nizsi index teploty (IT) ako v gra-
nitoch s dominantnym allanitom (Broska a Uher, 1991).

Pri metamorféze je monazit nestabilny a v amfibolito-
vej facii sa rozpadd na zmes apatitu a allanitu. Za¢ina sa
rozpadavafl z okraja zfn za vzniku allanitu na okrajoch,
pricom sa medzi allanitom a monazitom takmer vzdy tvo-
ri dost Sirokd prechodnd zdna apatitu, cez ktord pri trans-
formécii prebieha postupnd vymena idnov. Apatit v ta-
komto zmysle tvori médium, cez ktoré sa uskutoChiuje
transfer prvkov vzdacnych zemin, pricom sdm obsahuje
iba ich velmi mald koncentraciu. Takyto jeho rozpad sa
opisal z viac ako desiatich alpskych lokalit (Finger et al..
1998) a zo Zéapadnych Karpat, najmi z veporika, kde sa
dokonca zistil aj jeho dplny zdnik za vzniku apatitovo-
-allanitovych zfn (Broska a Siman, 1998).

Allanir. Allanit ako alumosilikét lahkych prvkov vzac-
nych zemin je typickym minerdlom granitov s charaklte-
ristikou typu 1. Je hojny hlavne vo vrchnokarbonskych
granitoch sihlianskeho a ipelského typu, v jv. Casti Tri-
beca, v Ciernej hore a v spodnokarbonskych granitoidoch
Malej Fatry. Chemické zlozenie allanitov silne zdvisi
od zloZenia prostredia, v ktorom vznikd. V3cobecne je
zname, ze koncentrdcia Al v allanitoch rastie s peralumi-
nozitou materskej horniny. Primdrne magmatické allanity
z granitov typu I maji okolo 15 vdh. % Al,O5 (Peuik
et al., 1995), kym allanity vznikajui ako sekundérne formy
napr. v biotitoch, majt vyssi obsah Al, ¢asto prekracujuci
20 vah. % Al,O5 (obr. 3). Podobny vysoky obsah sa
zistil aj v allanitoch granitov s afinitou typu S v Tribeci,
leda v granitoch s dominantnym monazitom v paragené-
ze, v Ktorej je allanit zastupeny len podruzne. Allanit sa
tam vyskytuje ako skord magmaticka fdza, lebo sa vyvinul
aj vo forme uzavrenin v monazitoch, pricom chemické
zloZenie allanitovych inklizii — na rozdiel od pdvodnej
taveniny — nesie znaky nerovnovdzneho stavu (Broska
et al., 2000). Allanity granitov typu [ sa od allanitov v gra-
nitoch typu S odliSuji sekunddrnymi formami a vys$im
podielom dvojmocného Fe (Broska et al., I. ¢.). Predpo-
kladd sa, ze primdrny allanit v kremitych taveninach vznika
pri teplote spravidla prekracujticej 800 °C a obsahu vody
najmenej 5 vah. % (Broska et al., 2000). Satura¢nd teplota
allanitu v porovnani s monazitom je pri felzickych tave-
nindch vyssia, a preto z nich ako stabilnd faza zvycajne
kryStalizuje monazit. Iba v oblasti nizsej teploty je Uro-
ven saturdcie tychto minerdlnych faz natolko blizka, Ze
z tavenin teplotne blizkych granitovému minimu moze
prednostne vypaddvat allanit (Broska et al., 1999; obr. 4).
Takéto pripady st zndme aj v prirode, ked niektoré pokro-
Cilé diferencidty felzickych granitov, napr. pegmatity,
mdZu obsahovat aj allanit,
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Obr. 3. Diskrimina¢ny diagram skonstruovany podla mikrosondovych
analyz allanitov zo Zdpadnych Karpdt (Petrik et al.. 1995: Broska
etal., 2000).

Fig. 3. Discriminant diagram compiled according to the microprobe
analyses of allanites from Western Carpathians (Petrik et al., 1995:
Broska et al.. 2000).

Xenotim. O xenotime sa vie pomerne malo. V Zdpad-
nych Karpatoch zvyc¢ajne vystupuje v paragenéze s mona-
zitom, a preto je typickym minerdlom granitov s afinitou
typu S a predstavuje v nich fazu, ktord spolu so zirké-
nom a graniatom tvori asociaciu hlavnych koncentratov
fazkych prvkov vzdcnych zemin. V granite spravidla tvorf
oranzové dipyramiddlne krystdly, ale niekedy su typické
aj prerasty so zirkénom, lebo xenotim je schopny sa
s nim izomorfne substituovat. Hojny je v Povazskom
Inovci v moravianskom bloku (Broska a Uher, 1988)
alebo v bratislavskom masive Malych Karpat.

Apatit. Hoci tento fosfdl sdim osebe nikdy nemd vysoky
obsah prvkov vzacnych zemin (zvycajne < 0.x vah. %),
tym, Ze je hojnou mineralnou fdzou, v kone¢nej bilancii
md vyznamnu ulohu. Predpokladdme, Ze apatit niekedy
mozZe na seba viazaf aj viac ako 20 vdh. % prvkov vzac-
nych zemin z celej horniny a svojim zlozenim dobre
odrazal povahu primdrnej taveniny. V peraluminéznych
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Obr. 4. Saturatnd teplota allanitu vs. monazitu vo felzickych taveni-
nichs D =1.08. D = [(Na + K + Li + 2Ca)/Al| * 1/(A] + Si).

Fig. 4. Saturation temperature of allanite vs. monazite in felsitic melts
with D = 1.08. D = [(Na + K + Li + 2Ca)/Al| * 1/(Al + Si).
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granitoch typu S md v porovnani s granitmi typu I nizsiu
koncentrdciu Eu, ale podstatne vy$s$i obsah Mn, Fe a F
(Sha a Chapell, 2000; Broska a Uher, 1998). Velmi nizky
obsah Eu v apatitoch granitov typu S sa prejavuje pomerne
vyraznou apatitovou Eu negativnou anomdliou (Sha
a Chapell, 2000; Broska a Uher, I. c.). Apatity granitov
typu S sa totiz v porovnani s granitmi typu [ formovali
z redukénejsich tavenin, ktoré preto obsahovali velk Cast
Eu v dvojvalentnej forme, ¢im sa tento prvok — vdaka
zmensenému i6novému polomeru — lepSie substituoval
do plagioklasov za Ca, a teda sa lepSie od¢erpdval z tave-
niny. V oxidac¢nejSich podmienkach, ako to bolo pri for-
movani granitov typu I, je Eu hlavne trojvalentné, a tak

je Euanomadlia v apatitoch menej vyraznd.

Diskusia a zaver

Prvky vzacnych zemin nesporne patria medzi najdolczi-
tejSie petrologické nastroje pri rieSeni evollcie granito-
vych pluténov a komagmatickosti ich jednotlivych telies
alebo pulzov, a preto je velmi dolezité poznat kvalitativne
aj kvantitativne zlozenie primdarnych minerdlnych para-
genéz, ktoré ako hlavné koncentrdtory prvkov vzdcnych
zemin priamo ovlddaju ich distriblciu v hornine.

V ostatnych decénidach sa vela urobilo pri kvantifikovani
rozpustnosti, Kinetiky rastu a Studovali sa aj rovnovazne
konStanty minerdl/tavenina pri niektorych vzacnoprvko-
vych akcesorickych minerdloch. Watson (1984) tieto
funkcie oznadil za ,.fundamentdlne parametre akcesoric-
kych faz a vdaka experimentom s kremitymi taveninami
su uz ddaje o tom, ako sa v nich sprava zirkén (Watson
a Harrison, 1983), apatit, monazit (Rapp a Watson, 1986;
Montel, 1993) a scasti aj allanit (Broska et al., 1999).
Zistilo sa, ze rozpustnost vSetkych spomenutych akceso-
rickych faz iba velmi mdlo zavisi od tlaku, no velmi
vyznamne od nasytenosti Al, teploty taveniny, obsahu
vody a koncentrécie volatilii. Preto sa antagonizmus allanit —
— monazit nedd odvodzoval len od aktivity Ca v systéme,
ako sa predpokladalo doteraz, ale treba pocitat s vyznamnou
tlohou aj takych parametrov, akym je obsah vody v tave-
nine a jej teplota.

Paragenéza a rozlozenie hlavnych typomorfnych ¢ft
vzacnozeminovych akcesorickych minerdlnych faz v kre-
mitych magmatitoch sd dolezité nielen pre typoldgiu gra-
nitov a vulkanitov, ale mézu pomdct napr. aj pri hladani
primdrnych zdrojov minerdlov pri $lichovej prospekcii
alebo pri sedimentologickych Stididch z hladiska identifi-
kdcie charakteru znosovych oblasti. Takyto vyskum sa
pre schopnos( opisovanych minerdalnych faz viazal na seba
vela rddioaktivnych izotopov vo svete stdle CastejSie
vyuziva aj pri tvorbe ulozisk radioaktivneho odpadu.
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Abstract

The accessory minerals (AM) assemblages in the rocks of the Trebi¢ durbachite massif were studied
by a complex of methods, involving optical and electron microscopy. gamma-ray spectrometry, EMPA.
and LA-ICP-MS. Like other ultrapotassic igneous rocks, these durbachites (melasyenites to melagranites)
are typical by high Th and U contents. These elements occur both in primary AM (chiefly allanite and
minerals of the monazite group, less abundant thorite and uraninite) and in the products of their reaction
with hydrothermal fluids. enriched in F, CO, and probably also P (minerals of the rhabdophane group,
thorogummite, REE-fluorocarbonates). Principal AM of durbachites are (besides the above) apatite,
sphene, and zircon. In leucogranites and aplites. forming in the pluton dykes and rim zones. monazite

and xenotime prevail.

Key words: durbachite, accessory minerals, uranium, thorium, REE, alteration

Introduction

The Ttebi¢ Pluton, a large (500 km?) igneous body at
the W margin of the Bohemian Massif, is composed
mostly of porphyritic melasyenites to quartz melasyenites
or melamonzogranites of the so-called durbachite series.
These rocks are typical by relatively high content of natu-
ral actinides, especially thorium. The rocks consist of
K-spar phenocrysts and matrix composed of K-spar,
plagioclase (An,;.3;), phlogopitic biotite (mg# 63-72),
amphibole (actinolite to actinolitic hornblende — mg# 65-77)
and in some varieties of quartz and/or chlorite (mg# 40-72).
The other group of rocks, leucogranites, forms dykes and
in some parts of the massif also a rim zone. The pluton
has relatively primitive compositions with generally high
Mg-values (55-70), and high Cr (180—490 ppm) and Ni
(25-160 ppm) concentrations, high K,O/Na,O with K,0O
contents up 10 8.2 wt. %, coupled with high Rb, Cs, U
and Th. The pluton exhibits relative depletion in practi-
cally all HFSE and Ba, indicating that crystallization
occurred from hybrid magma mixed from mantle and crus-
tal components (Holub, 1997). The high levels of Th
(36.2 = 3.0 ppm) and U (10.7 £ 1.3 ppm) in the durba-
chites are concentrated mostly in thorian and uranous
accessory minerals (AM), as well as thoriferous and ura-
niferous AM. Altogether 114 rock samples and heavy
mineral concentrates from these rocks from 48 sampling
sites were studied by a complex of methods, involving
optical and cathodoluminiscence microscopy, gamma-ray
spectroscopy, magnetomeltry, autoradiography, LA-ICP-MS,
X-ray powder diffraction, SEM, and EMPA.
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Primary accessory minerals

The -primary Th and/or U-bearing AM are represented
by thorianite, uraninite, thorite, minerals of the monazite
group, allanite-(Ce), zircon, and a variety of mineral com-
positions within the monazite — huttonite — brabantite
group. Among the AM with lower levels of U and Th,
apatite and titanite are most abundant.

Thorianite and uraninite

Thorianite as well as thorian uraninite are much more
common in granitic rocks at the pluton rim and in aplitic
dykes. They are often partially hydrated and encircled by
reaction rims of secondary REE, Th silicophosphates or
fluorocarbonates. Typical for uraninite is high ThO,
content (811 wt%).

Monazite group

The results of microprobe analyses show great varia-
tions in the composition of monazite group minerals, in-
cluding almost pure end members such as huttonite and
brabantite (see Fig. 1) as well as intermediate composi-
tions falling in the cheralite field. Typical unaltered mo-
nazite-(Ce) is not very common; it can be found rather in
the granitic rim facies and aplites. The content of Th in
this monazite is not very high (4-9 wt. % ThO,), and
can be attributed roughly equally to huttonite and to
brabantite components. Monazite-(Ce) from aplites always
contains some yttrium (3-6.5 % Y,03). On the other
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Fig. 1. Compositional variations observed within the monazite group

from Trebi¢ Pluton rocks. Pavlinov — leucogranite, all other — durbachite:
(e) — mafic enclave.

hand, brabantite occurrences are confined to melasyenites
and mafic enclaves. Grains with prevalent huttonite com-
ponent are widespread among all durbachite types, but are
in many cases more or less hydrated. The reaction rims
regularly encircling them seem to indicate that hydration
of huttonite and huttonitic monazite was not caused solely
by metamictization, but also/or by hydrothermal solu-
tions rich in volatiles. The most common variety of
monazite-group minerals in Tiebi¢ pluton can be described
as cheralite. Some of the microprobe analyses show high
Ca, unaccompanied by corresponding non-huttonite Th to
explain all Ca as brabantite component. Excess Ca could
perhaps be attributed to a hypothetic calcium phosphate
with monazite structure (Broska, 2000, pers. comm.).

Allanite-(Ce)

Another important Th-bearing mineral, allanite-(Ce),
occurs in more than 70 % of studied durbachites. It was
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Fig. 2. Variation of allanite composition in durbachites. Each sample
is represented by spot microprobe analyses from one grain.
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lig. 3. | naltered allanite with a combination of oscillatory and sector
7onmg. SEM. backscattered electron image (BEI).

Fig. 4. Altered allanite grain. composed of variety of phases — the
darkest are hydrated Fe>Ca, REE aluminosilicates, brightest — thoro-
gummite. SEM - BEL

not observed in leucogranites. It has often very complex
internal texture, given both by growth patterns and by
subsequent alterations. Its composition varies broadly
within single grains (Fig. 2). The original zoning is either
oscillatory or sector; patchy zoning occurs usually in
altered allanites (cf. Figs. 3 and 4). The Th content ranges
between 2 and 4 wt. %; U is below 0.1 %. Fluorine con-
tent in unaltered allanite is low, but the hydrated portions
contain up to 2.3 % F. The internal structure of this mix-
ture indicates decomposition of allanite—epidote solid
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Tab. 1
Representative compositions of various Th, U, and REE minerals found in Tfebi¢ pluton rocks. Microprobe analyses.
CamScan 4DV with Microspec WD. 10 kV, 50-200 nA

Anal. # 1 2 3 4 5 6 7 8 9 10 11
ThO, 10.22 3.29 52.35 66.54 39.53 19.11 9.76 - 2.46 2.95 -
Uo, 1.07 - 2.43 - - .18 83.06 - - - -
PbO - - - - - - 4.14 - - - -
Ce,0, 28.53 27.85 - 1.55 13.62 16.46 - 24.07 26.18 32.22 31.98
La,O, 14.63 13.74 - 0.94 6.93 8.00 - 28.68 17.94 17.87 21.38
Nd,O, 10.35 10.88 - - 1.93 4.22 - 4.01 5.66 9.48 6.73
Pr,O; 3.06 2.83 0.91 2.66 - 2.23 2.47 2.33
Sm, O 1.19 1.04 - - - - - - - 1.48 -
Eu,O, 0.79 0.73 - - - - - - - 1.26 -
CaO 0.47 1.10 12.34 1.64 547 9.32 0.18 10.22 8.47 4.43 6.32
Y.0, 0.15 6.41 - - - - - - - - -
P04 26.41 30.74 29.63 2.97 16.59 26.48 -
SiO, 2.51 0.90 0.66 14.56 4.77 2.04 0.54 - 1.92 1.00 22.11
SO, - - 1.27 3.34 3.63 3.22 0.00 0.98 - - -
As,O5 - - 1.08 0.95 - - 0.15 - 3.24 - -
AlLO, - - - 0.80 0.42 0.67 - - 0.67 - 2.86
FeO - - - 1.86 1.37 3.06 - - 1.10 - 1.13
F - - — - - — - 6.35 6.79 5.19 -
@] - - - 3.12 4.25 0.00 - - - - -
Swt. % 99.38 99.51 99.74 98.26 99.42 96.42 97.81 74.31 76.65 78.35 94.97
1.2 — monazite, 3 — brabantite. 4 — huttonite, 5, 6 — cheralite, 7 — uraninite, 8 — parisite-(La), 9 — parisite-(Ce), 10 — bastnesite-(Ce), 11 —lessingite-(Ce)
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Fig. 5. Allanite replaced partally by parisite (white) BEI

solution. This decomposition was usually followed by
re-precipitation of thorium silicates, apatite, epidote, various
REE phases (Fig. 4), and replacement of allanite by
action of F- and/or P-rich solutions, giving rise to aggre-
gates of epidote, rhabdophane, apatite, silicates of Ce and
Si — lessingite-Ce, cerite-(Ce), melanocerite-(Ce), Ca-ana-
logue of rengeite, LREE + Ca fluorocarbonates (parisite,
bastnesite — see Fig. 5, Tab. 1), and unidentifiable alumi-
nosilicate phases of varying composition.

39407

RJ (VF R —

3b xircon

Fig. 6. Zircon grain Iractured by volume expansion due to metamict
zation and hydration. SEM, relief specimen, BEL

Zircon

Further important uraniferous and thoriferous mineral
is zircon. It occurs both in durbachites and in the leuco-
granites, although it is more abundant in the former. The
Pupin’s typology gives temperature index 750-770 and
alkalinity index 450-510. The monazite saturation tem-
perature of durbachites (95 % conf. int.) = 751 £ 13 °C



470

TR20d zZzircon

Fig. 7. Cross-section of a zircon grain with a considerable part altered
to hydrozircon. BEIL

and zircon saturation temperature = 785 + 26 °C. U con-
tent (LA-ICP-MS) in non-altered zircons varies usually
between 1000 and 2450 ppm; Th contents are lower
(370-1700 ppm), giving Th/U ratio of 0.25-0.75,
which is in strong contrast with the whole-rock Th/U ra-
tio (3.8 £ 0.4 in durbachites, 2.7 = 1.0 in granitoids).
This difference indicates that U and Th occurrence is not
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Fig. 8. Mineral aggregate. probably formed by decomposition of
a monazite grain: now composed of Ca phosphate (dark grey) and
huttonite (white); medium grey — zircon. Polished section. BEL

lﬂpn e —

governed by zircon or apatite (see below), as was tho-
ught earlier. Most zircons are partially metamict, what
manifests by lack of cathodoluminiscence. Metamictiza-
tion causes hydration; it first follows the oscillatory
zoning. Resulting volume changes cause breakup of the
grains (Fig. 6) and their opening to hydrothermal solu-
tions, which further enhance the hydration; in this case

Tab. 2
Representative compositions of Ti and Zr minerals found in Ttebi¢ pluton rocks. Microprobe analyses,
CamScan 4DV with Microspec WD, 15 kV, 50-200 nA

Anal.# 1 2 3 4 5 6 7 8
SiO, - 0.60 048 0.78 29.55 30.14 21.03 33.08
TiO, 53.45 55.42 0.78 0.99 39.20 34.88 1.45 -
AlLLO, - 4.71 8.10 1.59 0.43 - -
Cr,0,4 - - 56.60 50.90 - - - -
FeO 39.82 15.65 31.81 33.03 0.90 0.35 - -
V.0, - - 0.44 1.03 0.58 0.00 - -
MnO 5.6l 25.61 1.66 1.32 - - - -
MgO - - 1.01 1.07 - - - -
ZnO - 1.27 1.77 1.07 - - - -
SnO, - - - - - 7.98 - -
ThO, - - - - - - 2.87 -
U0, - - - - - - 433 -
Ce,04 - - - - - - 1.79 -
Nd.O; - - - - - - 0.53 -
Sm,04 - - - - - - 2.25 -
Gd,0, - - - - - - 275 -
CaO - - 0.00 0.72 28.36 27.69 6.86 -
ZrO, - - - - - - 43.97 63.99
HfO, - 0.85 - - - - 2.38 1.65
Nb,Oj - - - - - - 1.73
As,05 - - - - - - 0.44 -
a - - - - - - 2.31 -
Swi% 98.88 99.39 99.26 99.01 100.17 101.47 92.96 100.45

I —ilmenite. 2 — geikelite, 3, 4 — chromite, 5, 6 — sphene, 7 — hydrozircon, 8 — zircon
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they do not always follow the zonation (Fig. 7).
The hydrated parts can be described as hydrozircon
Z1(Si0,),,,(O4H,), . nH,0; its typical minor constituents
are Ca, Fe (both up to 3.5 %), and U (0-2 %), in trace
amounts occur Pb, As, Th, S (Tab. 2). Hf concentrations
are usually lower than in zircon.

Apatite

Both Th and U are also contained in the most abun-
dant accessory mineral, apatite. LA-ICP-MS data show
prevalence of U (38-51 ppm) over Th (5-25 ppm); the
relatively flat REE pattern shows distinct negative Eu
anomaly. Apatite belongs to the oldest AM in durbachi-
tes; it forms inclusions in zircon as well as in allanite.
Besides primary igneous apatite, calcium phosphate
occurs as a product of monazite alteration (disintegration)
— see Fig. 8. The breakdown of monazite and newly-
-formed apatite was described by Finger et al. (1998),
Broska and Siman (1998).

Titanite

Primary titanite, which is the most common Ti mine-
ral occurring in durbachites, also bears some U and Th
(higher tens ppm, U > Th). Its REE pattern shows slight
enrichment in Pr, Nd and Sm (compared with La and Ce),
Eu negative anomaly, and relatively flat heavy REE cur-
ve. Titanite from aplites is enriched in Y (up to 2.9 %
Y,03) and Nb (max. 1.1 % Nb,Os), in durbachites by Sn
(up to 7 %). Durbachites also contain secondary titanite,
formed from Ti released by biotite chloritization. It is lo-
calized at biotite (chlorite) boundaries.

Opaque AM

The most common accessory sulfide in durbachites is
pyrrhotite; pyrite is also common. Both iron sulfides are
in some samples partially or totally replaced by hematite
or iron oxyhydroxides. Less abundant are cobaltite —
- gersdorffite and pentlandite. Rare sulfides are galena and
chalcopyrite. In some durbachites, Ti is present as ilmenite.
Iimenite from granitic rocks is typical by high Mn content;
in some cases the geikelite even prevails over ilmenite.

Other, less comnmon primary AM

Xenotime is a U- and Th-bearing (U > Th) AM typical
for granitic rocks; it was not found in durbachites. It always
occurs intergrown with monazite in the leucograniltes.
Rutile occurs mostly in baueritized biotite as thin needles
of sagenite. Scarce primary AM in durbachites involve
scheelite, garnet, cordierite, and chromite. Chromite was
found as inclusions in biotite, hornblende, and primary
apatite. It is very low in Mg (mg# 3-10), low in Al, and
relatively rich in Zn (1.9-3.5 % ZnQO). Chromite grains
occurring in pilitic actinolite of a durbachite from the Cen-
tral Bohemian Plutonic Complex were reported by Holub
(1997); their chemistry is almost identical with that of

chromite found in T¥ebi¢ pluton. Chromite presence in
durbachites can be considered as an evidence of their origin
from mantle-derived magma, mixed with acid, crust-derived
magma (Buda, 2001).

Secondary minerals

The primary accessory minerals were subjected to late
magmatic and postmagmatic alterations. Among the alte-
ration processes observed, chloritization, hematitization,
and hydrothermal alteration by F- and CO, containing
fluids had the most pronounced effect on the mineral
composition of the rocks. The intensity of hydrothermal
alteration was the strongest in close vicinity of the main
faults crossing the pluton, especially along the W-E
trending TFebi¢ fault; it manifests e. g. by the presence of
secondary accessory fluorite. Fluorine was released from
biotite during its baueritization and chloritization, and
probably also from pyroxene — one of the precursors of
actinolitic hornblende.

The abundance of secondary LREE-bearing phases
shows that in many parts of the pluton the primary AM
such as monazite and allanite became unstable during
fluid—rock interaction. The composition of secondary
accessory minerals also suggests that the alteration was
in some cases connected with fractionation within the
LREE group: originally Ce-dominant monazite gave
La-dominant rhabdophane, alteration of Ce-dominant allanite
produced La-dominant lessingite, or perrierite-(Ce) with
practically no La, Nd or Pr.

Thorogummite Th(SiO,), (OH),, is a very common
product of primary Th-bearing AM alteration. It appears
to replace thorite and huttonite in situ. Secondary phos-
phates of Ca, Th, and LREE belong mostly to the rhab-
dophane group — brockite, rhabdophane-(Ce). rhabdopha-
ne-(La), and rare ningyoite. There are also insufficiently
characterized phosphosilicates of Ca, Th, and LREE. All
these phases replace the minerals of monazite group, or
precipitate in fissures or other void spaces in the solid
rock. Among the REE fluorocarbonates, parisite-(Ce) and
bastnesite-(Ce) prevail. They occur in very close vicinity
of partially altered or dissolved monazite group minerals
and allanites. Their REE patterns differ very much from
those of the precursor minerals. The spatial relations bet-
ween the secondary Th, Ca, REE minerals and the precur-
sor minerals together with REE fractionation indicate the
differing mobilities of LREE and Th during fluid-rock in-
teraction. Secondary thorium phases seem to have preci-
pitated very close to the precursor grains, while secondary
LREE minerals formed sometimes next to the source gra-
ins, more often several millimeters or centimeters away,
but not farther. This is also attested to by the absence of
variations in whole-rock REE patterns with differing deg-
ree of rock alteration. Similar phenomenon was observed
in Erzgebirge granites (Forster, 2000). The changing lo-
cal environment, presence of various complexing agents
and/or of hemalite caused different fractionation within
the LREE. This fractionation does not affect the whole-
-rock REE pattern, anyway. It is also worth mentioning
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that the durbachite REE pattern differs from that of granitic
rocks in its level, but only little in its trend, indicating
probably the consanguinity of both groups.

Conclusions

The Trebi¢ massif belongs to vaugnerite-durbachite
plutons of the Variscan collision belt. The AM assembla-
ge reflects the mixed nature and geochemistry of the main
rock types of the pluton. Like other ultrapotassic rocks
from the above massifs, durbachites of the TFebi¢ pluton
are high in Th and U. The primary Th- and U-bearing
AM in durbachites are allanite-(Ce), monazite-(Ce), hut-
tonite, brabantite, thorite, thorian uraninite; increased le-
vels of U and Th were also found in abundant apatite and
zircon. The study of AM in both durbachites and leuco-
granites of the Trebi¢ pluton has shown that the post-
magmatic alteration has substantially influenced the com-
position and decreased the grain size of the Th, U, and
REE minerals. The interaction of F-, CO,- and probably

also P- bearing fluids with primary Th and REE minerals
have caused extended dissolution or alteration of many
primary U, Th-bearing phases, connected with only limi-
ted migration of Th and mm- to cm-range migration and
fractionation of LREE.
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Abstract

More than 100 samples from all important tectonic units of the Western Carpathians have been ana-
lysed for heavy minerals. The aim was the comparison of heavy mineral spectra with paleogeographic
consequences. This paper provides the first report about the percentual proportions in the heavy mine-
rals in the individual units and the conclusions resulting from them. Two main Jurassic heavy-mineral
provinces were distinguished in the Western Carpathians: The first one: G-Z-R-T (garnet, zircon, rutile,
tourmaline) is typical for most of the Pieniny Klippen Belt units and is probably related to Gresten Zone
and autochthonous Jurassic cover of the Bohemian Massif margins. The second assemblage, T-Z-R
(tourmaline, zircon and rutile), is typical for Central and Inner Western Carpathian units. This assem-
blage was impoverished due to resedimentation from older sediments and due to intrastratal dissolution.
The assemblage is tourmaline-dominated: the major portion of tourmaline came most likely from
low-grade metamorphics which are now not present in the crystalline basement (except Gemericum),
whereas most of zircon and rutile came from older sediments. Borinka unit and Tatric units from Malé
Karpaty Mts., which are dominated by tourmaline and apatite have similar heavy mineral spectra to
Nordrahmenzone of the Eastern Alps which has similar proposed paleogeographic position as does
Borinka unit. The only difference is in provenance of part of tourmaline. Among the Pieniny Klippen
Belt units, Drietoma and Haligovce units have clear affinity to Central Western Carpathians. On the basis
of some index heavy minerals it is likely that source of Nedzoy nappe clastics (containing considerable
amount of staurolite) was Tatric-Veporic type of crystalline complexes. Various bluish amphiboles and
some bluish varieties of tourmaline in Silicic Jurassic came most likely from Gemericum. An overall lack
of chromium spinels indicates that no larger obduction of ophiolites occurred in the Western Carpathian

units during Jurassic.

Key words: Western Carpathians. Jurassic, heavy minerals, paleogeography

Introduction

The aim of investigation of detrital admixture, namely
the heavy minerals of Western Carpathian Jurassic, is to
contribute to overview on Western Carpathian paleogeo-
graphy and plate movement in the time of pre-rift to syn-
-rift period of the Vahic (Penninic) Ocean on the north
and simultaneous convergence to collision period of the
Meliata ocean on the south of the future Western Carpathian
domain. Heavy mineral study is a tool of paleogeographic
research that complements facial and paleobiogeographic
research. In some aspects, its results may be even more
valuable than those of the latter methods. On the other
hand, there are also problems which reduce its power.
In the Western Carpathians there is a problem of reduc-
tion of variability of heavy mineral assemblages due to
intrastratal dissolution. Correlation of such assemblages
is, therefore, very difficult and requires application of
variation analysis (Morton, 19853). The results of heavy
mineral study provide information on provenance of some
index minerals, as well as similarities or differences
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between the individual samples, sampling sites and paleo-
geographic units.

The aim of this paper is to provide a relatively brief
overview of the percentual proportions of heavy mineral
assemblages in the Western Carpathian Jurassic and to
distinguish the main provinces of their distribution.
Variation analysis, e. g. microprobe data of garnet, tour-
maline and amphibole, crystal typology of zircon etc.,
together with statistic analysis is beyond the scope of this
paper as they would nearly double its length. Some of the
results of variation analysis have been published earlier
(see the following chapter); for still unpublished variation
analysis and preliminary statistics the reader is referred to
the author’s habilitation thesis (Aubrecht, 1999).

More than 100 samples have been analysed from all
important tectonic units of the Western Carpathians:
Pienidic units, Manin, Drietoma, Klape and Kostelec
units of the Pieniny Klippen Belt, Tatric, Fatric and
Hronic units of the Central Western Carpathians, Silicic
and Meliatic units of the Inner Western Carpathians.
However, more than one third of the samples was negative.
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Fig. 1. Location of the sampled sites of the Inner Western Carpathians, transitional units related to them and diagrams of their heavy mineral

proportions.

Those were the samples mainly from Hronicum and Sili-
cicum. The reason was a general lack of siliciclastic ad-
mixture in the mentioned units, resulting from their diffe-
rent position in Jurassic paleogeography, if compared to
Tatric and Fatric units, or units of the Pieniny Klippen
Belt. The investigations are still in progress and the results
presented here are considered still as preliminary. New,
complementary data, together with variation analysis of
various minerals and statistics will be published later.

Previous heavy mineral studies of the Western Carpathian
Jurassic sediments

Heavy minerals of Jurassic sediments of the Pieniny
Klippen Belt were earlier treated by tozifski (1956,
1957, 1959, 1966) and Halajova (1981). Lozidski (1. c.)
dealt above all with heavy minerals from the Aalenian
flysch (Szlachtowa Formation); Halajovd (l. ¢.) in her
MSc. Thesis dealt with heavy minerals from selected
sites of Middle Jurassic crinoidal limestones of Czorsztyn
unit and from some occurrences of Liassic sediments of
Manin, Klape and Kostelec units of the Pieniny Klippen
Belt. Aubrecht (1993) published new results from the
Middle Jurassic crinoidal limestones of Czorsztyn unit
and later (Aubrecht, 1994) also from the Liassic sedi-
ments of Borinka unit and Tatric units of the Malé Karpaty
Mits. Provenance analysis of detrital tourmaline from the
Malé Karpaty Mts. was analysed by Aubrecht and Kristin
(1995). Provenance interpretation of detrital garnet from
the Pieniny Klippen Belt units was published by Aubrecht

and Méres (2000). The results presented in this paper are
part of the data presented in author’s unpublished theses
(Aubrecht, 1994a, 1999).

Methods of research

After field sampling of Jurassic sediments containing sili-
ciclastic admixture they were treated by laboratory methods
depending on their lithology. Sandy limestones were dissolved
in diluted acetic acid. Sandstones and sandy shales were
crushed, then pulverized. Subsequently, the fraction between
0.08 and 0.71 mm was separated by sieving. Smaller grains
were washed out as they difficult to be determined by optical
methods. The remaining fraction underwent separation in
heavy liquids (bromoform. density cca 2.8). The fraction
0.08-0.25 mm was studied in transmitting light, the whole
fraction was examined also by binocular lense. Percentual
ratios of the heavy mineral assemblages were determined by
ribbon point counting. The opaque minerals in all samples
were invariably strongly dominated by limonite and pyrite,
that are insignificant from the point of view of clastic pro-
venance. Therefore, the results presented in this paper are
exclusively from translucent or semiopaque (e. g. chro-
mium spinels) heavy minerals. To remove the inessential
limonite, some samples had to be boiled in hydrochloric
acid. In such cases, apatite grains were omitted because their
number was largely decreased by dissolution which would
influence the resulting heavy mineral ratio. Selected mine-
rals underwent variation analysis, either geochemical or
typomorphic. Its results will be published later.
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Fig. 2. Location of the sampled sites of Fatricum and diagrams of their heavy mineral proportions.

Percentages of heavy minerals in the units of the Central
and Inner Western Carpathians

Meliaticum

The data on heavy minerals from Meliata unit were
published by Mock et al. (1999). Ten positive samples
were analysed from the Meliatic siliciclastic rocks of
Middle to Upper Jurassic age (Liassic rocks of Meliaticum
have not been found with certainity yet). The samples
(sandy to silty greenish siliceous shales to sandstones)
came from the Meliata area but also from the large quarry
near Margecany and from the Florianikogel. the first
Meliatic locality discovered in Austria (Mandl and Ondre-
jickova, 1992).

The data of the translucent heavy mineral grains are
grouped by their composition into two different groups.
The first group includes the sandstone and quartzite samples
of uncertain stratigraphic position within the Meliatic unit.
The uncertainty was caused by the complex geological
structure resulting from subduction and collision tectonics
that generally makes it difficult to distinguish between
normal beds and olistoliths of tectonicly involved blocks.
This group is characterized by the presence of the assem-
blage of tourmaline, zircon and rutile, which is the most
resistant group of heavy minerals. It indicates that either
its source were some older siliciclastic rocks, or it origi-
nated after deposition by an intrastratal dissolution of less
stable minerals. Such assemblage is typical for the Jurassic
sediments all around the Central and Inner Western Car-
pathians. The second group is represented by the siltstone
samples, coming from the greenish noncalcareous clay-
stones and by the sandstone sample from Florianikogel
locality. This group contains mainly garnet and abundant

apatite, barite (likely authigenic), sparse chromium-spinel
grains are also present.

Silicicum s. 1.

From Silicicum s. I. more than 20 Liassic samples
were taken but only 12 were positive. The rest was free
of siliciclastic admixture coarser than fine silt, i. e. they
were not suitable for optical determination. The positive
samples came mostly from Bohdnovo (Rhetian and Liassic
of Silica nappe); one positive sample came from Bleskovy
pramefi locality (Toarcian-Aalenian of Silica nappe) and
one from Geravy Plateau (Liassic of Stratend nappe).
Lithologically they represented marly sandy to silty
limestones. Samples from Bleskovy pramen, Miglinc
valley (both Silica nappe) and from Tesna skala syncline
(Muran nappe) were so far negative. The high number of
negative samples reflects an overall lack of siliciclastic
admixture in Silicic and Hronic (see following chapters)
units. These units are much poorer in siliciclastic admix-
ture than for example Tatric or Fatric units. It is probably
related 1o different geotectonic position of these units.
The northern, Tatric and Fatric units were influenced by
rifting of the Ligurian-Penninic-Vahic ocean, the southern
(Meliatic and Silicic) units were located near the conver-
gence zone of closing Meliata ocean, or they occurred in
relatively neutral zone between these oceans (Hronicum).

The Bohdnovo samples show that the predominant
assemblage is the most stable one, dominated by tourma-
line, zircon and rutile. It is again a poor assemblage,
resulting either from intrastratal dissolution or multiple
resedimentation of the detrital material. The new results
show that the heavy mineral assemblages are very similar
to those from the Central Western Carpathians. mainly
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Tab. |
Percentual proportions of translucent detrital heavy minerals of Liassic sediments from the Central and Inner Western Carpathians
Locality Unit Mountains Gr Zr Ru Tu Ap Am Ti St Sp Aug Dis B.A.
Bohtirovo Silicic Slov. Karst 0 | 5 12 0 2 0 0 0 0 0 80
Bohtnovo-1 Silicic Slov. Karst 2 9 16 65 | 0 6 0 0 0 0 0
Bohlifiovo-A Silicic Slov. Karst 3 11 13 70 2 0 1 0 | 0 0 0
Bohunovo-B Silicic Slov. Karst 0 16 9 75 0 0 | 0 0 0 0 0
Bohunovo-C Silicic Slov. Karst I 14 16 65 0 0 2 0 0 0 0 0
Bohunovo-D Silicic Slov. Karst 0 23 20 55 0 0 | 0 0 0 0 0
Bohtnovo-E Silicic Slov. Karst 2 20 15 59 1 1 2 0 0 0 0 0
Bohlnovo-F Silicic Slov. Karst 0 21 19 59 0 0 0 0 0 0 0 0
Bohriovo-G Silicic Slov. Karst 0 3 2 94 0 0 0 0 1 0 0 0
Bleskovy prameri Silicic Slov. Karst | 47 9 3 16 2 1 0 0 3 0 19
Geravy | Silicics. 1. Muran plat. 9 12 7 58 6 5 0 0 3 0 0 |
Diviacka n. Ves.-9 Hronic Strdz. vrchy 0 60 6 9 15 0 0 2 9 0 0 0
Diviacka n. Ves-| Hronic Straz. vrchy 0 3 2 95 0 0 0 0 0 0 0 0
Brama Kantaka Hronic Zapadné Tatry 7 52 21 17 2 0 0 0 | 0 0 |
Bzince p. Javorinou-! Hronic Cachtic. Karp. l 6 8 50 4 0 0 31 0 0 0 0
Bzince p. Javorinou-2  Hronic Cachtic. Karp. 4 7 8 43 3 0 0 34 0 0 0 0
Pradnik-1 Hronic 2 Cachtic. Karp. 12 14 13 35 9 0 0 17 0 0 0 0
Prasnik-3 Hronic ?  Cachtic. Karp. 7 5 9 49 3 0 0 26 0 0 0 0
Margecany Meliata Slov. Ore Mts. | 23 11 53 12 0 0 0 0 0 0 0
Meliata | Meliata S. Slov. Depres. 2 39 9 47 2 0 2 0 0 0 0 0
Meliata 2 Meliata S. Slov. Depres. | 26 2 65 6 0 0 0 0 0 0 0
Meliata 3 Meliata S. Slov. Depres. 0 49 11 28 5 5 2 0 0 0 0 0
Meliata 4 Meliata S. Slov Depres. 9 39 14 38 0 0 0 0 0 0 0 0
Meliata 5 Meliata S. Slov. Depres. 50 5 2 2 17 7 0 0o 17 0 0 0
Meliata 6 Meliata S. Slov Depres. 79 2 0 0 15 2 0 0 2 0 0 0
Meliata 7 Meliata S. Slov. Depres. 68 3 3 | 20 2 3 0 0 0 2 0
Meliata 8 Meliata S. Slov Depres. 72 6 6 0 17 0 0 0 0 0 0 0
Florianikogel Meliata E. Alps 35 13 6 7 36 3 0 0 0 0 0 0
Havran Fatric Belanské Tatry 0 31 64 6 0 0 0 0 0 0 0 0
Stefanov Zlab Fatric Belanské Tatry 0 66 24 Il 0 0 0 0 0 0 0 0
Furkaska Fatric Vysoké Tatry 0 23 8 42 15 12 0 0 0 0 0 0
Strazovee Fatric Strazov. vrchy 37 30 6 9 10 2 5 0 0 0 0 0
Vysokd Fatric Malé Karpaty 46 15 13 4 20 2 0 0 0 0 0 0
Smolenice Fatric Malé Karpaty 2 28 21 15 26 0 0 4 0 0 4 0
Pristodolok- 1 Fatric Malé Karpaty 3 36 26 34 0 0 0 0 0 0 0 0
Pristodolok-2 Fatric Malé Karpaty 0 43 25 33 0 0 0 0 0 0 0 0
Certaze Fatric Mala Fatra 13 14 32 40 | 0 0 0 0 0 0 0
Sokol-fleckenmerg. Fatric Malé Fatra 17 12 8 55 7 0 0 0 | 0 0 0
Sokol Fatric Mald Fatra 0 4 3 91 1 0 0 0 0 | 0 0
Zazrivka Fatric Mala Fatra 39 13 0 4 39 4 0 0 0 0 0 0
Krivosid-Beckov-8 Fatric PovaZz. Inovec 8 51 19 14 8 0 0 0 0 0 0 0
Krivosid-Beckov-9 Fatric Povaz. Inovec 0 26 35 34 2 | 0 0 0 0 1 0
Krivosid-Beckov-10 Fatric Povaz. Inovec 0 18 20 60 | 0 0 0 0 0 0 0
Krivosid-Beckov-11 Fatric Povaz. Inovec 0 39 24 37 0 0 0 0 0 0 0 0
Brloznica Tatric Velka Fatra 9 27 24 37 I 0 2 0 0 0 0 0
Velky Siprun Tatric Velkd Fatra 12 25 10 49 3 0 0 2 0 0 0 0
Belanska dolina Tatric Velkd Fatra 3 3] 10 49 4 0 3 0 0 0 0 0
Maly Sipran Tatric Velka Fatra 12 22 19 43 | 0 1 i 0 0 0 0
Kominy Tylkowe Tatric Vysoké Tatry 0 28 11 56 6 0 0 0 0 0 0 0
Osobita Tatric ZipadnéTatry 0 45 15 34 6 0 0 0 0 0 0 0
Kunerad Tatric Mald Fatra 0 47 28 25 0 0 0 0 0 0 0 0
WNW of Dubravina Tatric Mala Fatra 0 50 32 18 0 0 0 0 0 0 0 0
W of Dibravina Tatric Mald Fatra 0 40 40 19 0 0 0 0 0 1 0 0
Bralo Tatric Mala Fatra 6 11 0 37 37 0 0 0 0 0 0 0
Zibrica Tatric Tribe¢ 0 41 25 17 17 0 0 0 0 0 0 0
Zibrica-2 Tatric Tribe¢ 0 30 20 33 2 I 0 0 5 0 0 0
Ladice Tatric Tribed ! 24 20 53 3 0 | 0 0 0 0 0
Donovaly Tatric Nizke Tatry 3 42 16 24 13 0 0 0 0 0 0 3
Donovaly | Tatric Nizke Tatry <+ 35 39 16 3 0 2 0 2 0 0 0
Humienec-olist. Tatric Povaz. Inovec 0 27 9 21 42 0 1 0 0 0 0 0
Hranty-olist. Tatric Povaz. Inovec 1 49 11 27 11 0 2 0 0 0 0 0
Nova Lehota Tatric PovaZz. Inovec 4 29 16 23 29 0 0 0 0 0 0 0
Ostry vrch Tatric Malé Karpaty 3 23 14 12 48 0 0 0 0 0 0 0
S of Zabité Tatric Malé Karpaty 2 31 14 26 28 0 0 0 0 0 0 0
Hrubé Vdpenné Tatric Malé Karpaty 0 45 19 26 9 0 0 0 0 0 0 0
Kadlubek Tatric Malé Karpaty 0 4 8 44 44 0 0 0 0 0 0 0
Zrkadlisko Tatric Malé Karpaty 12 10 7 2 67 2 0 0 0 0 0 0
Medené Hamre Borinka U Malé Karpaty 0 18 9 46 26 0 0 0 0 0 0 0
Somar Borinka U Malé Karpaty | 37 5 28 28 0 0 0 0 0 0 0
Pajstin Borinka U Malé Karpaty 4 41 5 20 29 0 0 0 0 0 0 0
Borehole MKZ 233m Borinka U. Malé Karpaty 3 12 3 39 44 0 0 0 0 0 0 0
Borehole MKZ 197m Borinka U. Malé Karpaty 2 7 2 28 60 0 0 0 0 0 0 0
Marianka Borinka U. Malé Karpaty 0 36 10 31 24 0 0 0 0 0 0 0

Explanations: Gr — garnet, Zr - zircon. Ru - rutile. Tu — tourmaline, Ap — apatite, Am — amphibole, Ti — sphene. St — staurolite, Sp — chromium
spinels, Aug —augite. Dis — kyanite, B. A, — bluish amphibole
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Fig. 3. Location of the sampled sites of Tatricum and diagrams of their heavy mineral proportions.

from Tatric units (Aubrecht, 1994). Predominance of
tourmaline in most samples can be explained by the
Gemeric source but the same is noteworthy in Tatricum
(Aubrecht and Kristin, 1995, see separate chapter) as the
Tatric and Veporic crystalline complexes lack considerable
amounts of tourmaline. In some samples, bluish amphibo-
les were found at Bohtfiovo and single grains were found
also at Geravy locality. Their composition corresponds to
Al-Fe-Mg-hornblende (N+K<0.5) to Al-edenite (Na+K=0.5)
with structural formula NaCaFeMg:AlSi;AlO,,(OH),
(Aubrecht, 1999). Similar bluish amphibole was descri-
bed from some paleobasalt occurrences in Rakovec Group
of Gemericum (Hovorka et al., 1988) and from amphibo-
lite near Rudniany (Faryad, 1995, p. [ 1).

Nedzov nappe

Nedzov nappe represents a transitional unit between
Silicic and Hronic units (Mello in Salaj et al., 1987).
Altogether, 8 samples (4 positive samples) were taken from
Liassic crinoidal limestones from the vicinity of Bzince
pod Javorinou and Pra3nik villages in Cachtické Karpaty
Mits. The samples are characterized by special heavy mine-
ral assemblages. Along with dominant stable tourmaline
also much less stable staurolite and eventualy garnet
(mostly almandinic — Aubrecht and Méres, 2000) are
abundant. This assemblage is conspicuous by its domi-
nance of slaurolite over the garnet, since the Western Car-
pathian crystalline complexes (possible source areas) are
strongly dominated by garnet which is also more resistant
to intrastratal solution than staurolite. This infers to aty-
pical composition of source rocks. They were most pro-

bably medium-grade metamorphics, i. e. their source area
was not Gemericum but rather some sort of crystalline
complexes closer to Tatricum or Veporicum. Predominance
of tourmaline, together with presence of relatively unstable
staurolite and garnet show that primary enrichment in
tourmaline was through resedimentation from older rocks
and not through intrastratal dissolution in sediment.

Hronic units (Cho¢ nappe)

Liassic of the Cho¢ nappe (Hronicum) is mostly repre-
sented by crinoidal limestones, from which 12 samples
were taken from the following sites: Brama Kantaka
(Polish part of Tatra Mts., | positive sample), Rohatd
skala (Strdzovské vrchy Mts., no positive sample),
Diviacka Nova Ves (2 positive samples).

The heavy mineral assemblages are variable. In one
sample (DNV-1), turmaline occurs almost exclusively,
with lesser amounts of zircon and rutile. In other samples
there is predominance of zircon, with lesser amount of
rutile, tourmaline and apatite, eventually garnet. Rare
chromium spinels were found also. The first sample,
dominated by tourmaline, is close to other samples from
Central and Inner Western Carpathians whereas the two
remaining ones are also depleted but they are dominated
by zircon and contain also some unstable minerals.

Fatric units
From the KriZzna nappe and its equivalents, coming

from the Fatric sedimentary area,l6 positive samples
were analysed. They were represented by sandy shales to
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Fig. 4. Location of the sampled sites of Pieniny Klippen Belt Liassic and diagrams of their heavy mineral proportions. DU = Drietoma unit,
MU = Manin unit, KU = Klape unit. KyU = Kysuca unit, NU = Niznd unit, HU = Haligovce unit.

sandstones of Kopienec Formation and Pisana Quartzite
(Hettangian-Sinemurian, Zliechov and Havran develop-
ments) and sandy crinoidal limestones (Pliensbachian of
Vysokd development, Malé Karpaty Mts.). The samples
(mostly crinoidal limestones) taken from Velky Bok unit
(Low Tatra Mts.), which is considered to be the rear,
near-suture unit coming from Fatric domain, were entirely
sterile, free of siliciclastic admixture.

The results indicate that there are several heavy mineral
assemblages in the Fatric units, likely coming from diffe-
rent sources. Different assemblages can be found also by
point sampling but also within the sampled profiles
(Mald Fatra Mts., Malé Karpaty Mts.). There are two mean
assemblages. The first one is characterized by garnet-
-apatite-zircon, locally with significant amount of authi-
genic barite (not counted). The second assemblage is
represented by the stable zircon-rutile-tourmalinetapatite
assemblage. The ratios between the individual minerals
are variable. Occurrence of both assemblages in some
profiles indicates that the second assemblage most pro-
bably did not originate from the first one by intrastratal
dissolution. For instance, garnet present in the first
assemblage is strongly corroded but never lacks completely.
More probable is a hypothesis of mixing of two different
sources (e. g. Tatric and Veporic) in the Fatric Basin.

Tatric and Penninic (?) units

Tatricum and the units assigned to belong to Penninic
margin (e. g. Borinka and Belice units), as the northern-

most units of the Central Western Carpathians, are the key
areas for reconstruction of the relationship between the Cen-

tral and Outer Western Carpathian units. The Liassic sedi-
ments of Tatricum contain considerable amounts of silici-
clastic admixture. Heavy minerals of these units, coming
from Malé Karpaty Mts. were treated for the first time by
Aubrecht (1994). These data were later complemented by
yet unpublished samples from Mald Fatra Mts., Velkd
Fatra Mts., Tribe¢ Mts., Low Tatra Mts., High Tatra Mts.
and Povazsky Inovec Mts. The final number of samples
was 27. Almost all the assemblages are dominated by
ultrastable trinity of tourmaline, zircon and rutile. There are
some striking facts: the lack of garnet and dominance of
tourmaline which is very rare in the Central Western Car-
pathian crystalline complexes. There were also some anoma-
lies, e. g in the samples from Malé Karpaty and Povazsky
Inovec Mts. and in some other mountains, apatite is signi-
ficant or even dominant over the mentioned ultrastable trinity.
Relatively increased portion of garnet (max. 12 %) and
some other unstable minerals in Velkd Fatra Mts. is also
anomalous. Apart from these anomalies it is clear that all
the samples represent relatively uniform heavy mineral
assemblage of the ultrastable trinity (T-Z-R), which domi-
nates the whole Central and Inner Western Carpathians.
[t originated probably by intrastratal solution during diage-
nesis to anchimetamorphism which removed all unstable
minerals. Similar, significantly impoverished heavy mineral
assemblage was mentioned by Hausler (1988) in Lower
Jurassic of the units from the Penninic/Lower Austroalpine
boundary in the Eastern Alps. Unlike in Tatricum, the
assemblages are dominated by zircon.

In the Borinka unit, which is considered to be a marginal
unit at the Penninic/Tatric boundary (PlaSienka et al.,
1991), in the heavy mineral assemblages (Aubrecht, 1994),
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Tab. 2
Percentual proportions of transiucent detrital heavy minerals of Liassic sediments from the Pieniny Klippen Belt
Locality Unit Gr Zr Ru Tu Ap Am Ti St Sp Aug Dis B.A. Kae
Jedlovinka Kysuca ? 0 38 38 20 3 0 0 0 0 0 0 0 0
Horné Duzavy Kysuca ? 0 39 25 30 2 3 0 0 1 0 0 0 0
Krasna Horka Niznd 52 17 15 10 4 0 1 | 0 0 0 0 0
Lty potok Niznd ? 64 13 4 3 16 0 0 0 0 0 0 0 0
Sedliacka Dubova Nizna ? 67 10 9 3 10 | 0 0 0 0 0 0 0
Chotu¢ Drietoma 13 17 13 33 17 0 2 5 2 0 0 0 0
Mel¢icka dolina-1 Drietoma 1 1 | 2 0 Il 0 0 0 1 0 | 82
Melcickd dolina-2 Drietoma 0 15 0 | 0 3 0 0 0 0 0 0 81
Melcickd dolina-3 Drietoma 0 43 4 43 0 9 0 0 0 0 0 0 0
Drietoma Drietoma 2 5 0 22 25 5 0 0 0 0 0 0 43
Drietoma-1 Drietoma 3 47 21 29 0 0 0 0 0 0 0 0 0
Skalka Manin 2 16 14 56 11 0 0 0 1 0 0 0 0
Holiak Manin 0 29 24 27 0 1 0 0 0 0 0 0 19
Vrch Pasienky Manin 16 24 14 41 | 2 | | 0 0 0 0 0
Manin Gorge Manin 28 23 22 27 0 0 0 0 0 0 0 0 0
Krivoklatska dolina-] Klape ? 57 19 3 18 2 0 0 1 0 0 0 0 0
Krivokldtska dolina-2 ~ Klape ? 72 12 4 11 0 0 1 0 0 0 0 0 0
Klape-1 Klape 31 14 11 42 0 0 | 0 0 0 0 0 0
Klape-2 Klape 59 17 9 13 0 0 | 0 0 0 0 0 0
Klape-3 Klape 57 3 8 30 0 0 0 | 0 0 0 0 0
Klape-4 Klape 66 3 4 26 0 0 0 0 0 0 0 0 0
Haligovka Haligovce | 15 10 74 0 0 0 0 0 0 0 0 0

For explanations see Tab. |

apatite is dominant over the tourmaline, zircon and rutile.
This is a common feature with so called Nordrahmenzone
(Peer and Zimmer, 1980), a transitional zone between Pen-
ninic and Lower Austrolapine units in the northern rim of
the Tauern Window. These two units have similar sedimen-
tary facies and common heavy mineral ratios. The only dif-
ference is in composition of tourmaline. In the Borinka
unit, the tourmalines came exclusively from the metasedi-
ments (Aubrecht and Kristin, 1995) whereas in the Nordrah-
menzone there is a significant portion of tourmalines
coming from Li-poor granitoids (unpublished data — Aub-
recht, 1999). The samples from the transitional Borinka
Unit are practically the same as those from the Tatric units
of the Malé Karpaty Mts. (Aubrecht, 1994).

Percentages of heavy minerals in the units
of the Pieniny Klippen Belt

Kostolec unit

Liassic crinoidal limestones from Kostolec Klippe are
very poor in siliciclastic admixture. Only in the lower-
most part of the klippe there were recently some samples
found with sandy admixture. These samples are now
undergoing extracting procedures. The overall lack of sili-
ciclastic admixture in the klippe supports an older oppinion
of Andrusov (1938) that Kostolec Klippe comes from the
Cho¢ nappe Jurassic.

Drietoma unit
Drietoma, as an independent unit was distinguished by

Rakuis (1977). It was formerly considered as one of the
developments of Manin unit in the SE sector of the

Pieniny Klippen Belt (Began, 1969). Mahel (1978) na-
med it as Bo§dca unit. By its development, namely by its
Upper Triassic and Lower Jurassic members, this unit is
obviously similar to the Fatric units. Already Began
(I. ¢.) and earlier by Gross (1959) and Scheibner (1967)
considered its occurrences between Moravské Lieskové
and Zemianske Lieskové as slices of the Krizna nappe
overlying the Manin unit (although Mahel, 1978 also
considered Manin unit as coming from the Fatric domain).
Began (l. ¢.) called it as Dibrava development of the
Krizna nappe, differing from the Manin unit namely in
Liassic sediments.

From Drietoma unit, 7 samples were analysed. At some
of them, their ranking to the Drietoma unit was only sup-
posed (Krivoklat valley samples — see Jurkovicovd, 1980).

Percentual ratios of heavy minerals from Drietoma and
Melcickd dolina valley is dominated by brown basalt am-
phibole (kaersutite) which indicates basaltic source rocks.
No other samples from the Western Carpathians contain
this mineral in considerable amounts. Its presence is sur-
prising mainly because the amphiboles belong to the
most unstable heavy minerals. They are easily removed
by weathering, transport and intrastratal dissolution
during diagenesis. As the latter process is time-dependent,
presence of kaersutite in Liassic sediments is surprising.
Only one sample from Melc¢ickd dolina (sample No. 3)
was free of this amphibole. This was, however, taken
from different parts than the previous ones. This site was
assigned to belong to Manin unit by Began (1969).
Chotii¢ locality, usually also considered as a part of Drie-
toma unit, has different heavy mineral composition with
relatively equal contents of garnet, zircon, rutile, tourmaline
and apatite, with lesser amounts of some other minerals
(including some chromium spinel grains).
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Fig. 5. Location of the sampled sites of Middle Jurassic sediments of the Pieniny Klippen Belt and diagrams of their heavy mineral proportions.

CU = Czorsztyn unit, PU = Pruské unit, KU = Kysuca unit.

As the Drietoma unit is thought to belong to the Fatric
sedimentary domain (present Krizna nappe and its deve-
lopments), the variability revealed in the heavy mincral
assemblages is consistent with increased variability in the
Fatric units. An overall lack of garnet also points to the
Central Western Carpathian provenance of this unit.

The samples from the Krivoklat valley are dominated
by garnet, with lesser amounts of zircon and tourmaline,
which is typical for Pienidic units or for Klape hill loca-
lity (see separate chapter). Their lithological character is
also different from the Drietoma unit. It indicates that
attribution of the Krivoklat valley occurrences to Drietoma
unit (Jurkovicova, 1980) was erroneous.

Manin and Haligovce unit

Four samples were analysed from the Manin unit and
one from the Haligovce unit. The results show relatively
irregular distrbution of garnet, zircon, rutile and tour-
maline. Other minerals are mostly missing due to intra-
stratal dissolution. The absence of apatite in the samples
can be influenced by treating the samples by hydrochlo-
ric acid. The increased portion of tourmaline and in some
cases the lack of garnet reminds the Central Western Car-
pathian samples. On the contrary, microprobe analyses
of garnets displayed an exotic granulitic source ol most
of them which is typical for Pienidic units (Aubrecht and
Méres, 2000). Haligovka locality (Haligovce unit —
—commonly presented as close to Manin unit) displays
the assemblage typical for Central Western Carpathian
units, i. e. it is dominated by tourmaline, with lesser
amounts of zircon and rutile.

Klape unit (Klape hill locality)

Four samples were analysed from Klape hill locality
from various part of the klippe. The results show domi-
nance of garnet and tourmaline over zircon and rutile.
Similarly as in Manin unit, some garnet grains also
show their provenance from exotic granulitic source rocks
(Aubrecht and Méres, 2000). On the other hand, the pre-
dominance of tourmaline over zircon and rutile is usually
typical for the Central Western Carpathians units. The
results obtained by us are largely different from those ob-
tained by Halajova (1981). Our revision of her samples
revealed her erroneous methods of counting the heavy
mineral grains. Therefore, the reliability of some results
from the Middle Jurassic crinoidal limestones adopted
from this work by Aubrecht (1993) is also doubtful.

Pienidic units

From various Pienidic units, 5 Lower Jurassic sam-
ples, complemented by 18 Middle Jurassic samples (some
of them published by Aubrecht, 1993), have been analysed.
All samples, except those from Jedlovinka and Horné
Duzavy localities, contain garnet-dominated assemblages,
with lesser amounts of zircon, tourmaline and rutile.
Other minerals are subordinate. This composition docu-
ments relative uniform source rocks for the Pienidic sedi-
mentary area and is consistent with the data of Lozinski
(1936) obtained from Aalenian flysch. Again, the pyrope-
-almandine types prevailed among the garnets which testi-
fies their exotic origin coming from granulitic rocks
(Aubrecht and Kristin, 2000). At Jedlovinka and Horné
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Tab. 3
Percentual proportions of translucent detrital heavy minerals of Middle Jurassic sediments from the Pieniny Klippen Belt

Locality Unit Gr Zr Ru Tu Ap Am Ti St
Mestecska skala Czorsztyn 36 36 9 14 0 0 0

Benatina Czorsztyn 30 36 14 9 5 0 0 5
Bolesovska dolina Czorsztyn 53 32 8 I 5 0 0

Vrsatec-profile 11 Czorsztyn 53 22 15 5 3 0 1 0
Udol Czorsztyn 35 9 13 29 2 0 7 4
Hatné Czorsztyn 39 28 14 3 4 0 6 5
MikuSovce Czorsztyn 43 35 14 3 0 0 5 0
Kamenica Czorsztyn 14 52 20 I 0 0 2 0
Milpos Czorsztyn 54 23 12 2 0 0 6 !
Kyjov-Pusté Pole Czorsztyn 18 4 28 4 0 0 4 0
Zadna dolina-Istebné Czorsztyn 73 8 7 6 6 0 0 0
Havransky vrch-saddle Czorsztyn ? 27 25 15 15 17 0 0 0
Horné Srnie-Samadsky Pruské 64 20 5 4 2 0 2 0
Zazriva-Plesiva Czertezik 59 7 6 20 5 0 0 2
Vriatec-upper road Kysuca 60 23 15 0 2 0 0 0
Steny Kysuca 47 26 7 9 9 0 0 2
Oskerda Kysuca 26 27 10 16 16 0 2 2
Zdzriva-Hryzen Kysuca 40 5 13 40 2 0 0 0

For explanations see Tab. |

Duzavy localities, a relatively well-matured assemblage
has been found, consisting almost exclusively of zircon,
tourmaline and rutile. The modal composition of the sedi-
ment itself also points to high maturity of the rocks, in
which the unstable heavy minerals were removed by
intrastratal dissolution. The quartzites from Jedlovinka
were frequently compared with those from Krdasna Horka
locality (Andrusov, 1931) but they are apparently different.
They are strongly arcosic, i. e. much less matured than
the Jedlovinka quarzites which is reflected also in heavy
mineral composition.

Discussion

The new investigations brought interesting new data,
interpretation of which is, like commonly in geology,
unambiguous. The new data, besides resolving of prob-
lems, brought also many new questions. In the following
discussion, some of the most important problems will be
treated.

1. Why are the samples from the Central and Inner
Western Carpathians dominated by the most stable trinity
tourmaline, zircon and rutile?

The preliminary results revealed that the Jurassic sedi-
ments from the units situated recently south of the Pieniny
Klippen Belt are characterized by impoverished heavy
mineral assemblages, mostly with the most stable tour-
maline, zircon and rutile. On the other hand, the crystalline
basement is highly dominated by garnet. whereas the
mentioned ultrastable trinity is subordinate. The impo-
vershment might be caused by two reasons, either by
multiple resedimentation of the clastics or by intrastratal
dissolution in the sediment. In Tatric units, the intrastratal
dissolution might play the principal role. The Tatric
units are largely affected by tectonic and anchimeta-
morphic processes (PlaSienka et al., 1993). Tatricum has
also the highest ZTR index from all the examined units

(Aubrecht, 1994a). It represents the ratio of the ultrastable
trinity zircon-tourmaline-rutile to the other minerals
(Hubert, 1962). This index reflects an overall maturity of
the sediment and also indicates a possible redeposition
from older sediments. The higher the index is, the more
matured is the sedimentary material. However, our results
show that impoverishment of the heavy mineral assem-
blages is also displayed in tectonically higher, less tecto-
nometamorphically affected units, such as Hronicum and
Silicicum. These units do not seem to be more affected
than the Pieniny Klippen Belt units and have similar
composition but the difference between the ZTR indexes
of these zones are large. Intrastratal dissolution is influenced
by burial depth (Morton, 1987) as well as by organic
acids present in the sediment (Hansley, 1987). In the case
of Hronic and Silicic units, the most likely explanation
is the impoverishment by the resedimentation probably
from Permian to Triassic sediments.

Assemblages poor in garnet and rich in the most stable
minerals such as chromium spinels, zircon, tourmaline and
rutile are ubiquitous all through the Western Carpathian
Cretaceous; in Paleogene there is a sudden onset of the
garnet-dominated assemblages (MiSik et al., 1980; Salaj
and Priechodska, 1987; Wagreich and Marschalko, 1995).
As the intrastratal dissolution is time-dependent process,
if the impoverished assemblages were exclusively the result
of intrastratal dissolution a gradual increase of unstable
minerals amount would be observed towards the younger
formations. Instead, the sudden onset rather indicates diffe-
rent source rocks. The most probable version is that in the
Central and Inner Western Carpathians the impoverishment
of heavy mineral assemblages was due to combination of
multiple recycling of the material and of intrastratal dissolu-
tion (mainly Penninic, Tatric and eventually Fatric units).

2. Why are the Jurassic sediments of the Central and
Inner Western Carpathian units dominated by tourmali-
ne which is rare in Tatric-Veporic crystalline complexes?
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Most of the works concerning accessoric minerals in
the Tatric-Veporic crystalline rocks revealed relatively
low amounts of tourmaline. Only Hvozdara (1980) and
Zeni§ and Hvozdara (1985), on the basis of heavy mineral
prospection in Veporicum, mentioned increased portion
of tourmaline but without quantitative specification.

The problem of detrital tourmaline has been already
treated by Aubrecht (1994) and Aubrecht and KriStin
(1995). The chemical composition of tourmalines from
various units of the Western Carpathians indicates that
most of the detrital tourmaline came from metasediments,
probably phyllites (Aubrecht and Kristin, 1995; Aubrecht,
1999). Regression statistical analysis shows that in the
ultrastable trinity tourmaline, zircon and rutile there is
a good correlation between the zircon and rutile but their
correlation with tourmaline is low (Aubrecht, 1999).
Therefore, the tourmaline source had to be ditferent. Zircon,
rutile and little amount of tourmaline was most probably
resedimented from older sediments, whereas most of the
tourmaline came from the above mentioned metasedi-
ments. These had to be already removed by erosion as the
average content of tourmaline in presently outcropped
crystalline rocks is low (except Gemericum). This inter-
pretation, however, meets some difficulties. There are
two alternatives. The first supposed that the ¢rosion has
to take place still before Triassic (before deposition of
Lower Triassic quartzites — Ldzna Formation). In this
case, all the tourmalines in Liassic would be resedimented
from Triassic sediments. Another possibillity is that the
crosion of metasediments took place during Liassic. This
would require removal of the underlying Triassic sedi-
ments o reach the crystalline basement. However, there
were found almost no instances of direct overlying of the
crystalline basement by Liassic sediments in the Western
Carpathians, except perhaps Somdr Breccias in the Malé
Karpaty Mts. (Borinka Unit). This fact contradicts to rela-
tively large onset of siliciclastic sedimentation in Liassic
(mainly in Tatricum). It is hard to presume that all the
material is result of resedimentation. Moreover, there
were crystalline clasts identified in the detritic admixture.
A hypothetic crystalline terrane formed by low-grade
metamorphics situated north of Tatricum serves as the
most likely solution. This might be also a source of exotic
tourmalinic clastics in Lower Triassic quartzites (Mi§ik
and Jablonsky, 1978). Its location is deduced from the
transport indicators measured in the quartites, as well as
diminishing of clastic admixture in Liassic sediments
from north to south. A considerable portion of tourmaline
in Silicic units might also come from Gemericum where
it is ubiquitous.

3. Where did the bluish detrital amphiboles found at
some Silicic sites come from?

The bluish amphiboles occurred only in three samples
from Bohinovo and in one sample from Bleskovy pra-
mefi; a single grain have been found also at Geravy loca-
lity. The samples with bluish amphiboles were rare and
were not present in whole profiles a contamination source
was suspected at first. However, because of our attempt
to keep the extracting process as clear as possible, the

high ratio of bluish amphiboles in some samples (up to
80 %) makes the contamination source unlikely. The bluish
amphibole grain from Geravy locality, which was extracted
two years after Bohtriovo and Bleskovy pramen localities
testifies this theory. Even later, three new grains of bluish
amphibole have beeen found at Bohidnovo. However, these
have different appearance with violetish pleochroism very
similar to that of glaucophane. Microprobe analyses showed
that these grains contain almost no sodium which was
suprised. Sum of their oxides never reached more than 93 %.
Optical properties of this mineral, together with propor-
tion of measurable elements allows us to presume that it
represents a rare Li-amphibole holmquistite (Li cannot be
measured by microprobe). An overall rarity of detrital
amphiboles in older sediments is caused by their instability
in sediments. The grains are preserved mainly in condi-
tions where they are protected against intrastratal dissolu-
tion. Most of authors agree with theory that sediments
protected from access of water and other fluids, e. g. con-
cretions or beds isolated by impermeable rocks, use (o
preserve much more diverse heavy mineral spectra (Hubert,
1971 and the literature cited therein). Our positive sam-
ples containing amphiboles were invariably found in the
rocks surrounded with claystones and marlstones or they
were clayey themselves, i. e. protected from fluid access.

The question of origin of the bluish amphiboles alter
oral communication was discussed by Kozur and Mock
(1995, 1996). Without analytical results they evaluated
the bluish amphiboles as a product of a HP/LT metamor-
phism due to subduction of “northern™ branch of the
Meliata ocean.

Despite of lack of higher number of analyses it can be
stated that the mentioned amphiboles do not probably
represent a direct result of HP/LT metamorphism but rather
retrogressive stage of metamorphism which followed the
HP/LT stage (Dr. Peter Ivan — oral discussion). By their
character (Al-Fe-Mg-hornblende to Al-edenite) they are
closer to bluish amphiboles from Rakovec unit of Geme-
ricum (Hovorka et al., 1988) than to glaucophanes of the
Borka nappe (Meliaticum s. 1.).

There were also some bluish varieties of tourmaline found
in Bohdnovo samples. They are similar to some tourma-
lines from Gemeric granites (Faryad and Jakabskd, 1996).
The supposed holmquistite might also belong to products
of metasomatic alteration in the surroundings of these
granitic bodies where it was formed by metabasic rocks
(holmquistite originates via Li-metasomatic alteration of
normal amphiboles). If these presumptions were suppor-
ted by further facts, the Silicic-Gemeric paleogeographic
relationship would be proved. If the mentioned minerals
were related to Gemeric granitoids it would be an indirect
prove of their pre-Late Triassic age (Poller et al.. 2000).

4. What is the provenance of detrital staurolite in Nedzoy
nappe?

The heavy mineral assemblages from the Nedzov nappe
are inexpected. On one hand there is dominant the very
stable tourmaline, on the other hand, relatively unstable
staurolite is abundant too. Other minerals such as zircon,
rutife, apatite and garnet are much sparser. Staurolite and
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garnet might come from Tatric-Veporic type of crystalline
complexes, but again, the high amount of tourmaline
would be problematic. Morcover, there had to be domi-
nance of staurolite over the granet. Garnel is more resis-
tant to intrastratal dissolution than staurolite but in the
Nedzov nappe samples the staurolite is dominant. The
rocks dominaled by staurolite are rarc in the Western Car-
pathians and staurolite nowhere occurs in considerable
amounts to provide the proportions we have obtained.
For instance, in staurolite zone of mectapelitic rocks in
the Malé Karpaty Mits. staurolite reaches up to 49 %,
whereas garnet just up to -2 % (Broska and Jandk, 1985).
According to Hubert (1971) staurolite is more resistant to
intrastratal dissolution. This would shift this ratio in
favour of staurolite as the garnet would disappear more
quickly. This process most probably increased the propor-
tion of staurolite also in our samples, provided that the
source rock had similar composition as those of Broska
and Jandk (1985).

5. What is the relationship between the Pieniny Klippen
Belt units and Central Western Carpathian units deduced
from heavy mineral analysis?

Our results display obvious difference between two heavy
mineral assemblages: Pieniny Klippen Belt units and the
units south of it. They can be considered as two principal
heavy-mineral distribution provinces. The units of Picniny
Klippen Belt have affinity to stable North European margin.
Important information came from the work of Faupl
(1975) from Gresten Klippen Belt of the eastern Alps and
from the works of Stelel et al. (1972) and Stelel et al.
(1977) from the boreholes that penetrated the autochtho-
nous Mesozoic cover of the Bohemian Massif beneath the
Carpathian Foredeep and the Flysch Belt. The Gresten
Klippen Belt domain was part of the Nort-European plat-
form later incorporated into the Alpine zone. Faupl (1. ¢.)
provided data from 19 samples of detrital heavy mincrals
from Gresten Liassic. Most of the samples were dominated
by garnet, only minor amount of samples consisted of
the stable assemblage zircon, rutile, tourmaline and apatite.
These results are consistent with those obtained from the
Pienidic units. Jurassic detritic sediments also occur in
the platform cover of Bohemian Massif beneath the Ter-
tiary filling of the Carpathian Foredeep and overthrust
Flysch Belt. Summarizing lithostratigraphic description
of these units was introduced by Addmek (1986). The data
were carried out on the basis of numerous deep boreholes
and geophysical profiles. These Jurassic sediments are
named Divaky Formation but their age determination is
limited. The lower part of the formation is called Gresten
Beds (Addmek, 1. c.) which expresses their relationship
with similar facies in the Gresten Zone. Detailed data on
heavy mincral were obtained from several boreholes:
Nikol¢ice-1, 2 (Stelel et al., 1972), Nikol¢ice-4, 6,
Musov-1, Vranovice-1, Mikulov-1 and Kobyli-| (§telcl
et al., 1977). Again, the predominating assemblage is
garnct, zircon, rutile, tourmaline and apatite, which is
consistent both with the Gresten Zone and Pieninic units.
Except of some samples from KriZna nappe, no other
investigated unit from Central or Inner Western Carpathians

is garnet-dominated. Therefore, thesc sedimentation realms
were most probably separated from each other still in
Liassic, i. e. they have to had different positions when
being parts of the Triassic North-European shelf. Garnet
analyses showed also different sources (see Aubrecht and
Méres, 2000 and discussion therein). Manin and Klape
samples differ from those of Pienidic units by their amount
of tourmaline, which is increased, i. e. closer to Central
and Inner West Carpathian units. A possibillity, though
improbable, still exists that removal of unstable minerals
might lead to similar ratios in the mentioned assemblages.
From the Pieniny Klippen Belt units, only Drietoma and
Haligovce units are completely free of garnet which indicate
their ranking among the Central Western Carpathian units.

Conclusions

I. Jurassic (namely Liassic) sediments of the Western
Carpathians display reduction of heavy mineral spectra if
compared with the source rocks. This reduction is remarkable
namely in the Central and Inner Western Carpathians,
whereas in the Pieniny Klippen Belt units it is not so
expressive. The reasons of impoverishment of heavy mi-
neral spectra are not only in intrastratal dissolution as
thought before but also in resedimentation of the minerals
from older sedimentary rocks.

2. The ultrastable trinity: tourmaline, zircon and rutile
that prevails the Central and Inner Western Carpathians is
tourmaline-dominated. The regression analysis shows
common source of zircon and rutile; major portion of
tourmaline most likely came from low-grade metamor-
phics which are now not present in the crystalline base-
ment (except Gemericum).

3. The lack of any considerable admixture of chromium
spinels (ophiolitic source rocks) is noteworthy from the
paleotectonic point of view. Chromium spinels belong to
ultrastable heavy minerals and their presence would be also
detectable in impoverished samples. There are minor
amounts of Cr-spinelids in the Meliata unit which was in
the phase of convergence and closure. In more northern
units that were under influence of Penninic rifting and
spreading, only continental crust-derived heavy minerals
are present. The experience with Cretaceous chromium
spincls (MISik et al., 1980) shows that they are present
in the time of obduction large ophiolite bodies which was
most probably not the case in Jurassic.

<. Two main Jurassic heavy-mineral provinces may be
distinguished in the Western Carpathians: G-Z-R-T (garnet,
zircon, rutile, tourmaline) and T-Z-R (tourmaline, zircon
and rutile). The first one is typical for Pieniny Klippen
Belt units and has obvious affinity to Gresten Zone and
autochtonous Jurassic cover of the Bohemian Massif mar-
gins. The second assemblage, impoverished due to resedi-
mentation from older sediments and due to intrastratal disso-
lution, is typical for Central and Inner Western Carpathian
units.

5. On the basis of some index heavy minerals it is
likely that source of Nedzov nappe clastics was Tatric-
-Veporic type of crystalline complexes (source of stauro-
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lite). Various bluish amphiboles and some bluish varie-
ties of tourmaline in Silicic Jurassic came most likely
from Gemericum.
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Distribu¢né provincie tazkych minerdlov v jurskych sedimentoch Zdpadnych Karpat

Zistovali sme percentudlne zastiipenie tazkych minerdlov
vo vySe 100 vzorkdch jurskych sedimentov (najma z liasu)
zo v8etkych dolezitych tektonickych jednotiek Zdpadnych
Karpdt. Sedimenty liasu Zdpadnych Karpdt sa vyznacuju
znacnou redukciou spektra tazkych minerdlov oproti zloZeniu
povodnych zdrojovych hornin. Tdto redukcia je markantnd
hlavne v jednotkdch centrdlnych a vnttornych Zdpadnych
Karpdt. V bradlovom pdsme je redukcia menSia, a to aj v jed-
notkdch, ktoré sa v sicasnosti pokladaji za povodnd sticast
centrdlnych Zdpadnych Karpdt (klapskd a maninska jednotka).
Pri¢inou redukcie nie je iba intrastratdlne rozpustanie, ako
sa doteraz predpokladalo. ale aj resedimentdcia minerdlov
zo star$ich sedimentov (niekolkondsobnd recykldcia mate-
ridlu s elimindciou nestabiinej$ich zloZiek). V najstabilnejsej
trojici minerdlov v jednotkdch centrdlnych a vnitornych
Zdpadnych Karpdt ¢asto prevlada turmalin nad zirkénom a ruti-
lom. Na zdklade regresnej a variaCnej analyzy usudzujeme, Ze
posledné dva minerdly majui spolo¢ny pdvod (kry3talinikum
tatroveporického typu a starsie z neho derivované sedimenty),
Kym turmalin pochddza aj z inych zdrojov (metasedimentov
nizkeho stupnia metamorfozy).

Z paleotektonického hladiska je zaujimavé, Ze sa v liase,
Ktory je v tetydnej oblasti obdobim vyrazného riftingu, tak-
mer nijaky prinos detritu z ofiolitov nezaznamenal. Pritom
chrémspinelidy by sa pre ich vel'm: vysoku stabilitu a odol-
nost vodi transportu aj intrastratdlnemu rozpustaniu mohl
zachovat aj v tych najochudobnenejsich asocidciach. Zo sku-
senosti z kriedovych sedimentov je v3iak zndme, Ze prinos
ofiolitového detritu prebicha hlavne pri obdukcii ocednske)
kory v procese konvergencie a kolizie. Pri riftingu zrejme
prebieha prinos ofiolitovych klastik vyhradne do ocedn-
skych paniev, ktoré zvycajne tplne pohltila subdukcia v ne-
skorsich stadidch.

V nasledujiicom sihrne je struéné porovnanie percentudl-
neho zloZenia tazkych minerdlov v jednotkdch Zdpadnych
Karpat:

a. Silicikum s. I. Podobne ako v hroniku aj v siliciku s. I.
vidno nedostatok siliciklastickej primesi, ¢o pravdepodobne
stivisi s inym geotektonickym postavenim spomenutych
Jjednotiek v liase. Kym severnejsie jednotky ovplyvnil rif-
ting ligirsko-penninicko-vahického ocedna, juznejsie jed-
notky boli v oblasti vplyvu konvergencie uzatvdrajiceho sa
meliatskeho ocedna (silicikum) alebo sa vyskytovali v po-
merne neutrdinej zéne medzi nimi (hronikum). Jurské sedi-
menty silicika si na siliciklastickd primes vieobecne o ¢osi

bohatsie, aj ked je Casto len v siltovej frakcii, ktord sa Stu-
duje dost tazko.

Zo vzoriek vidno, Ze prevldda najstabilnejSia asocidcia
turmalin — zirkén — rutil s velkou prevahou turmalinu. Tieto
najnoviie vysledky ukazuju, Ze percentudlne zastipenie (az-
kych minerdlov je podobné ako vo vzorkdch z centrdlnych
Zapadnych Karpdt, hlavne z tatrika, ale na rozdiel od jedno-
tiek centralnych Zdpadnych Karpdt sa vo vzorkdch z Bohtitiova
vyskytuju aj modrasté amfiboly a modré odrody turmalinu.
Predbezny vyskum modrastych amfibolov ukdzal, Ze ich
nemozno priamo zaradil medzi vysokotlaké minerdly, ale
zéroven sa nedd ani vylu&it, Ze ide o produkty premeny glauko-
fanov v regresne) fdze metamorfézy. KedZe sa podobné
minerdly vyskytujd aj v gemeriku, zdroj klastickej primesi
mozno hladal v tejto oblasti.

b. Vzorky z nedzovského prikrovu (lokalita Prainik a Bzince
pod Javorinou) sa vyzna¢ujd zaujimavou asocidciou tazkych
minerdlov. Popri prevahe stabilného turmalinu sa v nich
vyskytuje aj mdlo stabilny staurolit a v Pradniku aj o nie¢o
stabilnej3i grandt. Asocidcie z Bziniec pod Javorinou su zauji-
mavé aj nepritomnostou (alebo velmi malym mnoZstvom)
granatu, ktory je mak v zdpadokarpatskom krystaliniku ovela
hojnejsi. Svedei to o osobitom zlozeni zdrojovych hornin
a poukazuje na moznost sekunddrncho obohalenia asocidcie
o staurolit, lebo ten je podla literatiry voci mtrastratdlnemu
rozpustaniu odolnejsi. Staurolit a grandt sa vyskytuju prevazne
v metamorfitoch strednych stupfiov metamorfozy, a preto je
takmer 1sté, Ze ich zdrojovou oblastou nebolo gemerikum, ale
skor krysStalinikum tatroveporického typu.

¢. Chod¢sky prikrov. Pozitivne boli len tri z odobranych
vzoriek (lokalita pri Diviacke; Novej Vsi a Brama Kantaka
v polskych Zdpadnych Tatrdch), ¢o je dosledok velmi malého
mnoZstva siliciklasticke) primes: zastiipenej v sedimentoch.
Obsah tazkych minerdlov vo vzorkdch je rozli¢ny. V jedne)
vzorke je takmer iba turmalin s malym mnoZstvom zirkénu
a rutilu (opit najstabilnejsia asocidcia), v ostatnych dvoch
prevazuje zirkén s mensim obsahom rutilu, turmalinu a apa-
titu, pripadne grandtu. Nagl sa aj ojedinelé zrnd chrémspine-
lidov. Je to takisto ochudobnend asocidcia, a ltak na jej
zdklade nemo7no robit dalekosiahle zdvery aj preto, Ze zatial
ide o malé mnoZzstvo pozitivnych vzoriek.

d. Fatrické jednotky sa vyznacuju variabilnymi vysledkamu,
¢o prezradza, ze v sedimentaénom priestore tatrika je viac aso-
cidceif tazkych minerdlov, ktoré pravdepodobne pochddzaju
z rozli¢nych zdrojov a v panve sa zmieSali v rozli¢nom pomere.
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Skupiny zodpovedajtice jednotlivym zdrojom nemozno vycle-
nil ani podla vysledkov zhlukovej analyzy, a to naprick faktu,
Ze istd odlisnost v dvoch skupindch vzoriek je viditelnd.

Prvi skupinu, zistend vo vzorkdch hlavne z vysokej jed-
notky Malych Karpdt, na strdZovskom profile v StrdZzov-
skych vrchoch a v dvoch vzorkdch z Malej Fatry, reprezentuje
asocidcia grandt — apatit — zirkén, druh tvor{ najstabilnejsia
asocidcia zirkdn — rutil * apatit. Pomer medzi minerdlmi
v druhej skupine je variabilny, ale dd sa predpokladat, zZe tde
o asocidciu zo zdroja podobného zdroju v tatriku.

Z vyskytu obidvoch asocidcif aj v jednom profile vyplyva,
7e druhd asocidcia nemohla vzniknut iba ochudobnenim pod
vplyvom intrastratdlneho rozpustania. Na vzorkdch obsahu-
jucich grandt je viditelnd silnd korézia, ale k dplnej strate
grandtu nevedie. Z tychto vysledkov rezultuje predbezny
predpoklad, Ze kazdd asocidcia predstavuje inu zdrojovi oblast
a Ze sa scdimenty na dne fatrickej panvy mie3ali.

e. Tatrické jednotky sa vyznacujui prevahou ultrastabilnej
trojice zirkén — rutil — turmalin. ZardZajlci je ndpadny nedo-
statok grandtu a velmi prekvapujuice aj to, Ze v trojici ¢asto
dominuje turmalin. Vyskytli sa aj anomdlie, napriklad
vo vietkych tatrickych jednotkdch Malych Karpdt a Povaz-
ského Inovca, v ktorych dominuje aj apatit. Anomdlny je aj
relativne vys8i obsah grandtu (na rozdiel od inych pohor)
vo Velkej Fatre (maximdlne 12 %). Chemické zloZenie gra-
ndtov odhalilo aj vyskyt pyropovo-almandinickych grand-
tov, ale neistého poévodu. Zo zndmych vyskytov podobnych
grandtov do dvahy prichddza iba kry$talinikum moldanubika
alebo Malej Fatry.

Borinskd jednotka, pokladand za prechod medzi tatrikom
a penninikom, md takmer zo vSetkych hladisk blizko k Nor-
drahmenzone, odkrytej v severnej Casti tektonického okna
Vysokych Tatlr, ale v Nordrahmenzone prevlddaju turmaliny
pochddzajice z granitoidov, kym v borinskej jednotke sa vy-
skytuju takmer iba turmaliny z metasedimentov.,

f. Kostoleckd jednotka v liase neobsahuje takmer nijaku
siliciklasticku primes, ¢o je prvok spoloény s jednotkami
hronika alebo silicika. Predpokladdme, Ze bradlo pri Kostolci
moéZe byt odtrhnutym blokom, pdvodne pochddzajicim
z cho¢ského prikrovu.

g. Drietomskd jednotka sa vyznacuje asocidciou s prevld-
dajticim ¢adiCovym amfibolom. Pre zdroj klastického mate-
ridlu bola charakteristickd dominancia bazaltov alebo meta-

bazilov a 1ba skromne boli zastipené minerdly z metasedi-
mentov a pripadne aj granitoidov. Nedostatkom grandtu, ako
aj sedimentdrnym vyvojom je drietomskd jednotka blizka
jednotkdm centrdlnych Zapadnych Karpat.

h. Maninska jednotka sa vyznacuje pomerne nerovnomer-
nym zastipenim grandtu, zirkénu, rutilu, turmalinu a apatitu.
Tdlo nerovnomernost naznacuje, ze niektoré vyskyty uvd-
dzané v mapach ako maninska jednotka mézu v skuto¢nosti
patrit do odli§nych jednotiek. Vzorky s vy$sim obsahom tur-
malinu a s ob¢asnym chybanim grandtu pripominajui jednotky
z centrdlnych a vndtornych Zdpadnych Karpdt. Z porovnania
vychodf aj to, Ze vzorky z maninskej jednotky st pre uvedené
pri¢iny dost odlisné aj od vzoriek z pienidnych jednotiek.
Mikrosondové analyzy odhalili pritomnost pyropovo-
nou skumanych jednotiek bradlového pasma aj s lokalitami
tatrika vo Velkej Fatre.

1. Klapskd jednotka (bradlo Klape) sa vyznacuje prevahou
grandtu a turmalinu nad zirkénom a rutilom. Podobnost s pie-
nidnymi jednotkami je opdt narufend zvySenym obsahom
turmalinu, ktory je typicky pre jednotky centrdlnych a vnu-
tornych Zdpadnych Karpdt. Podobne ako pri predchddzajicej
Jednotke sa aj tu nash pyropovo-almandinické grandty.

Na zdklade analyzy tazkych minerdlov do klapske) jednotky
zaradujeme aj lokality v Krivokldtskej doline, ktoré Jurko-
vicovd (1980) v diplomovej prdci zaradila do drietomske)
jednotky.

j. Pienidné jednotky su charakteristické prevahou grandtu,
zirkénu, rutilu a turmalinu (v uvedenom poradi). Takdto aso-
cidcia je typickd pre liasovi aj dogersku ¢ast pienidnych jed-
notiek, ba i pre juzné okraje stabilnej Eurdpy vrdtane gres-
tenského bradlového pdsma a podsunutej ¢asti Ceského
masivu pod ¢elnou predhlbiiou a flySovymi Karpatmi. Tieto
oblasti pravdepodobne tvorili jednu spolo¢ni provinciu dis-
tribicie tazkych minerdlov. Analyza grandtov z pienidnych
jednotiek, ako aj maninskej a klapskej jednotky naznacuja.
Ze zdrojovi oblast tvorili prevazne granulity alebo eklogity
(vy$§i obsah Mg). V sucasnosti je takou oblastou moldanu-
bikum Ceského masivu, ale podobnost v zlozeni grandtov
oslabuju rozdiely zistené pri analyze obliakového materialu
dogeru a liasu pienidnych jednotiek. Niekolko hornin tohto
typu nie je v moldanubiku zastiipenych. RieSenie tohto prob-
[ému azda prinesie dal3i vyskum.
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Detritické Cr spinely v sedimentarnych horniniach mezozoika
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(Dorucené 15. 8. 2001)

Detritic Cr-spinels in Mesozoic sedimentary rocks of the Western Carpathians
(overview of the latest knowledge)

More than 600 grains of detrital chromium spinels from Mesozoic sediments of various Western Car-
pathian units were analysed. The samples came from 12 sites of Lower and Middle Cretaceous of Tat-
ricum (Bystricka. Cutkov potok. Podsuchd). Fatricum (Lietavskd Lacka. Oravice, Homdlka, Boboty).
Hronicum (Mojtin), Klape Unit (Plevnik, Orlové). including two pebbles of Urgonian Limestones from
exotic conglomerates (Tatricum — Cavoj and Klape Unit — Nosice). For comparison. some analyses of
chromium spinels coming from three localities of Lunz Formation of Hronicum (Podturen, Dobra Voda.
Liptovskd Osada). as well as Liassic crinoidal limestones of Klape Klippe and Rhaetian Fatra Formation
of KriZzna nappe (Mala Swinica) were carried out.

Heavy mineral analysis of Lower to Middle Cretaceous sediments revealed two or three principal
assemblages: | zircon-Cr-spinel assemblage (% rutile, apatite. tourmaline), represented by localities
Podsucha, Cutkov potok. Bystricka and Homdlka, 2. Cr-spinel (£ zircon. rutile), represented by Oravi-
ce. Lietavskd Lucka and Mojtin localities, and 3. Cr-spinel-zircon (£ rutile, apatite and tourmaline) fo-
und only in Orlové locality. Another important assemblage: Cr-spinel-garnet was recently found in Al-
bian sediments of Czorsztyn Unit at six sites (Tab. 2): VrSatec. Horné Srnie Quarry. Lednica Castle
Klippe. Jarabina Quarry and Kamenica Klippe. Though no chemical analyses have been made yet
from the Cr-spinels of these localities, their presence (mostly over 50 %) in Czorsztyn Unit represents
revolutionary fact that offers new view on the paleogeography of the Pieniny Klippen Belt and the
Western Carpathians as a whole.

Besides analyses of Cretaceous sediments, some sites of Upper Triassic detritic sediments of Tatri-
cum and Fatricum were studied also from the localities Stefansky Zlab. south of Plesnivec Cottage (Be-
lianske Tatry Mts. — Havran Unit). Mala Swinica (Polish part of Western Tatra Mts.) and Furkaska Jo-
cality. Except the Mala Swinica locality, chemical analyses have not been done yet. only the percentual
evaluation. In the Tatric and Fatric Rhaetian formations, zircon-rutile to rutile-zircon assemblages are
predominant. The Cr-spinel ratios reach up to 9-15.8 %.

The oldest known Mesozoic stratigraphic horizon with Cr-spinels in Western Carpathians is Lunz
Formation of Cho¢ nappe (Hronicum). Heavy minerals from sandstones of Dobrd Voda Borehole (DV-1).
Sipkov. Mitice. Liptovskd Osada. Nemeckd. road above Huty, Podturei and Liptovsky Hrddok localities
were analysed. From Dobrd Voda, Liptovskd Osada and Podtureii, chemism of Cr-spinels has been
measured (30 grains). All the examined samples were dominated by zircon (zircon province). The Cr-
-spinel percentages ranged from 2.8 t0 35.7 % (Tab. 3).

The measured data showed that apart from three exceptions, all the measured grains were concen-
trated in the fields IV and V of Stevens (1944) corresponding to chrome spinels to alumochromites.
Comparison of our contour diagrams and the ophiolite types according to Dick and Bullen (1984) sho-
wed that most of the studied samples falls into the field of type 1I peridotites which should reflect indivi-
dual stages of evolution of an oceanic basin from opening to mature stages of spreading. However, va-
riability in Cr-spinel chemical compositions from various units of Western Carpathians do not display so
different trends that would allow to distinguish the same provenances which were estimated on the basis
of geological criteria.

Key words: heavy minerals, chrome spinels. Mesozoic, Western Carpathians

Uvod

Chromspinely ako rezistentné mineraly su Castou pri-
mesou v tazkej frakcii sedimentarnych hornin. V niekto-
rych jednotkdch alpsko-karpatsko-pandnskej oblasti tvoria
vyznamnu a charakteristicki zlozku (azke] frakcie mezo-
zoickych detritickych hornin. V poslednych rokoch sa ich
roz8ireniu, zloZeniu a asocidcii v uvedenej oblasti sprie-
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vodnych minerdlov venovala zvy$end pozornost. Hladaju
sa porovndvacie kritérid, ktoré by umoznili urcit ich
povod a zdroje. Jednym z kritérif je aj chemické zloZenie.
V Alpach a v Madarsku sa detritické spinely uz analyzovali
a vysledky publikovali vo viacerych pracach.

V minulosti sa v Zapadnych Karpatoch vykonalo nie-
kolko chemickych analyz sledovanych minerdlov (Misik
etal., 1980), ale publikované vysledky nezodpovedaji ani
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trendu analyz z Alp (Wagreich et al., 1995, s. 202), ani
z pohoria Gerecse v severnom Madarsku (Argyeldn,
1992, 1996), a preto sa v ostatnom obdobi urobilo 666
chemickych analyz Cr spinelov zo sedimentarnych hornin
rozlicnych jednotiek a stratigrafickych horizontov Zapad-
nych Karpat na mikroanalyzatore JEOI.-Superprobe 733.
Analyzovali sa vzorky zo sedemndstich lokalit spodnej
a strednej kriedy tatrika, fatrika, hronika, maninskej klap-
skej a kysucko-pieninskej jednotky véitane zin Cr spine-
lov z dvoch obliakov spodnokriedového vapenca zo zle-
pencovych telies porubského sivrstvia tatrika (Cavoj)
a z ,upohlavskych™ zlepencov klapskej jednotky (Nosice).
Na porovnanie skimanych lokalit uvddzame aj ciastkové
vysledky analyz Cr spinelov z vrchného triasu hronika —
lunzskych vrstiev, z vrstiev spodnojurského piescitého
vépenca klapskej jednotky (bradlo Klape) a z vrchno-
triasovych vépnitych pieskovcov kriznanského prikrovu
(Mala Swinica).

Prehlad vyskytov Cr spinelov v mezozoickych
sedimentoch Zapadnych Karpat

Cr spinely v sedimentarnych horninach zdpadokarpat-
skych jednotick st zndme niekolko desatro¢i. Identifiko-
vali sa v centrdlnych Zdapadnych Karpatoch, maninskej
jednotke a v bradlovom pdsme. V centrdlnych Zapadnych
Karpatoch sa vyskytuju v tatriku, fatriku a hroniku.

V tatriku st Cr spinely zndme najmi z porubského
suvrstvia (alb — cenoman). Vyskytuji sa vo vrstvéch litic-
kého turbiditného pieskovca. Ich percentudlne zastipenie
zhodnotil Jablonsky (1986). Cr spinely sd aj stcasfou
obliakov vrstiev piesCitého organodetritického vapenca
barému az aptu. Obliaky pochddzaji zo zlepencov Cavoj-
skych vrstiev v porubskom stvrstvi (Misik et al., 1981).

Cr spinely sa identifikovali aj v klastickych terigén-
nych sedimentoch tomanovskych vrstiev (Cerveny tplaz:
Sykora in Michalik et al., 1976), ¢ize vo vrchnom triase
az réle tatrika Vysokych Tatier.

V kriZiianskom prikrove sa podobne ako v predchadza-
Jucej tektonickej jednotke Cr spinely vyskytuji najméa
v kriedovych klastickych a karbondtovych sedimentoch
aich vyskyt sa viaze na tri stratigrafické horizonty.

V hornindch valanginu az hoterivu (Oravice) sa viazu
na kalkarenity v suvrstvi flovitého kalového vdpenca (vy-
voj podobny ako v rossfeldskej formdcii a v schrambach-
skych vrstvach vo Vychodnych Alpdch).

Na lokalite Lietavskd Licka-kamenolom su sdcasiou
piesCitych kalkarenitov hoterivu. Sdvrstvie, v ktorom sa
vyskytuji, koreluje Jablonsky (1986) so schrambachskymi
vrstvami.

Cr spinely sa identifikovali aj v tazkej frakcii turbidit-
nych litickych pieskovcov v albsko-cenomanskom porub-
skom sidvrstvi (Jablonsky, 1978), ako aj v obliakoch
barémsko-alpskych vdpencov v zlepenci porubského
stuvrstvia (Misik et al., 1980).

Podobne ako v tatriku aj vo fatriku sa Cr spinely nasli
aj vo vrchnom triase. Ich vyskyt sa doteraz potvrdil
v krizianskom prikrove Vysokych Tatier (Belianske Tatry)
v jednotke Havrana a v polskej ¢asti Vysokych Tatier

a zname sd aj z vrchného triasu az rétu zliechovského
vyvoja krizfianského prikrovu — zlab pod Furkaskou
(Sykora in Gazdzicki et al., 1979; Sykora, 1986).

V chocskom prikrove (hronikum) sa Cr spinely zistili
v sedimentoch kriedy iba na lokalite Mojtin, a to vo vrst-
vach piescitého vapnitého ilovca a piescitého vapenca
hoterivského veku, a ich druhym stratigrafickym hori-
zontom v tomto prikrove je stvrstvie lunzskych vrstiev
vrchnotriasového veku (Michalik et al., 1992). Zndme si
aj z lunzskych vrstiev v podlozi vyplne viedenske] panvy
(napr. Samuel ctal., 1991).

V oblasti mimo centrdlnych Zapadnych Karpdt sa Cr spi-
nely Casto vyskytuji v klastickych sedimentoch v manin-
skej, klapskej, kysucko-pieninskej a czorsztynskej jednotke.

V maninskej jednotke sa v suvrstvi budkovského
sliefa (vrchny alb) vyskytuje laminovany jemnozrnny
pieskovec a siltovec obsahujtci Cr spinely.

V klapskej jednotke sa Cr spinely zistili vo vrstvach
albského turbiditného pieskovca (Plevnik) v cenoman-
skych orlovskych jemnozrnnych kalkarenitoch (Orlové).
Podobne ako v tatriku (Cavoj) sa aj v klapskej jednotke
vyskytuju obliaky pies¢itého organodetritického vdpenca
(barém — apt), v ktorych sa okrem Cr spinelu vyskytujd
aj litoklasty serpentinitov. Obliaky podobného typu sa
nasli aj na lokalitdich maninskej a kysucko-pieninskej
jednotky (Misik, 1976; Misik, 1979; Misik et al., 1980).

Cr spinely sa popri inych minerdloch zistili aj v mezozoic-
kom podlozi neogénnej vyplne viedenskej panvy vo vrsi-
vach spodnoalbského vapnitého ilovea (vrt Smolinské 27),
ktoré st sdcastou maniskej resp. klapskej jednotky (Sykora
et al., 1997). Cr spinely sa identifikovali vo vapencovych
telesdch barému az aptu, spodného aptu az spodného albu
a vrchného kampdnu aZz mastrichtu v spodnoterciérnych
proCskych zlepencovych vrstvach bradlového pdsma
na vychodnom Slovensku (Misik et al., 1991a).

Pri analyze a mikroskopickom Stddiu ploch ,.hard-
groundov™ na styku s albskymi Cervenymi flovitymi
vapencami chmielowskej formdcie na lokalite czorsziviiskej
Jjednotky sa vo vdpenci zistila klastickd primes. V jej faz-
kej frakcii vyrazne dominuje Cr spinel (doteraz nepubli-
kovany udaj).

V klapskej jednotke (v bradle Klape) sme identifikovali
Cr spinely v liasovom piesc¢itom vapenci.

Prva informdcia o Cr spineloch v sedimentoch bradlo-
vého pdsma je od Starobovej (1962). Identifikovali sa
vo vrchnokriedovych sedimentoch medzi HanuSovcami
nad Toplou a Humennym. V zdpadnom useku bradlového
pasma sa spinely nasli v roku 1968 (Wohletz in Oberhauser,
1968).

Cr spinely sa zriedka vyskytuji aj v strihovskych
zlepencoch (stredny eocén), a to v obliakoch ,orbitolino-
vého™ vapenca barému aZz spodného aptu i ako sucast
turbiditnych pieskovcov strihovskych vrstiev (Misik
etal., 1991b).

Metodika prace

Tazka frakcia sa separovala zo vzoriek pieskovca
a pies¢itého vdpenca s hmotnostou nad | kg. Horniny
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Tab. |
Percentudlne zastipenie transparentnych minerdlov v tazkej frakcii kriedovych pieskovcov vybranych lokalit Zdpadnych Karpat
Translucent heavy mineral ratios in the Cretaceous sandstones from selected sites of the Western Carpathians

tatrikum kriziansky prikrov chod. pr.  klapska j.
mineral Podsuchd ~ Cut. potok  Bystricka  Homolka  Oravice Liet. Licka  Mojtin Orlové
spinel 112 174 18.9 314 86,1 91.9 84.2 38.7
zirkén 50.2 413 39.6 48.6 9.6 52 4.1 35.0
rutil 144 9.9 8.1 3.6 2.1 2,0 0.7 8.8
turmalin 6,0 3.9 4.5 32 0.4 0,7 2,1 29
apatit 16.1 9.7 1.8 0,0 0.8 0.0 0.7 6.6
titanit 0.0 0.8 0.0 0.9 03 0,0 0.0 0.0
hyperstén 0.0 04 0.0 5.9 0,0 0,0 0,0 0.0
pyroxény 0.3 0.6 0,0 1.8 0.3 0.0 0.0 1.5
amfiboly 0.0 0,0 0.9 14 0,0 0.0 0.0 1.5
grandt 0.0 0.4 3.6 09 0.3 0.2 4.1 3,6
meta. min. 0.8 1.4 0.0 23 0.1 0,0 3.5 1.5
chlorit 0.8 14.1 22,5 0.0 0.0 0.0 0,0 0,0
glaukofdn 0.0 0,0 0,0 0.0 0,0 0,0 0.0 1.5

sa rozdruzili odstranenim karbonatového komponentu
v HCl a CH;COOH a drvenim v Celustovom drvici. Podla
moznosti sa vyberali hrubozrnnejSie typy klastik.

Laboratorne prace sa vykonali v takomto poradi:

. Rozdruzovanie hornin: a. rozpustanie v HCI
a CH;COOH - piescity vdpenec, resp. pieskovec s kalci-
tovym tmelom. Po premyti a pripadnej neutralizdcii
v NaOH sa nerozpustny zvySok vysusil a osievanim
sa oddelila frakcia 0,05-0.2 mm. b. Typy pieskovca
neobsahujice karbondty boli rozdruzené v ¢elustovom
drvici, preosiate a premyt¢ vo vode.

2. Tazkd [rakcia sa oddelila v bromoforme CHBr;y
s hustotou 2,88 g.cm™, z jej Casti sa zhotovil zrnovy
preperdl a zo zvySku sa ru¢ne odseparovali Cr spinely
na chemicku analyzu.

3. Percentudlne zastupenie minerdlov sa zis(ovalo na
zrnovych prepardtoch (znd zaliate v kanadskom balzame)
alebo pod binokuldrnou lupou z volne nasypanych zin
tazkej frakcic. Zistovalo sa zastdpenie transparentnych
minerdlov a Cr spinelu (podobne ako vzorky z Vychod-
nych Alp).

4. Vybrané zrna Cr spinelov boli zaliate do polyestero-
vej Zivice. vylestené a pokovované.

5. Vybrané zrnd sa chemicky analyzovali na mikroana-
lyzatore JEOL-Superprobe 733 v GSSR (urychlovacie
napdtie 15 kV, Cas merania 20-30 s, priemer lica
3=5 um). Pristroj bol kalibrovany na prirodnych a synte-
okolo 50 zin. Zastipenic Fe?* a Fe’* sa vypocitalo spd-
sobom, aky uvddza Fejdi (1982). Vysledky analyz
a Struktdrne vzorce kazdého minerdlu — zrna st v spravach
(Jablonsky et al.. 1995, 1996). Zo Struktdrnych vzorcov
sa vyratal pomer Cr/(Cr + Al) a Mg/(Mg + Fe**) a vyniesol
sa do bodovych a konttrovych diagramov.

Asociacie tazkych minerilov

Stidiom obsahu tazkej frakcie v pieskovcoch spodnej
a strednej kriedy tatrika, fatrika, hronika a klapskej jed-

notky (Jablonsky, 1992) a v prispevku prezentovanych
vzoriek ukdzalo, Zze z hladiska obsahu chréomspinelu
v tazkej frakcii st ndpadné dve resp. tri asocidcie fazkych
minerdlov, a to 1. zirkdnovo-chromspinelovd (s podruz-
nym zastipenim rutilu, apatitu a turmalinu), 2. chrdm-
spinelovd s podruznym zastipenim zirkénu a rutilu)
a 3. chromspinelovo-zirkdnovd (s podruZnym zastiipenim
rutilu, apatitu a turmalinu).

Zirkénovo-chrémspinelova asociicia

Tato asocidcia je zastipend vzorkou Podsuchd, Cutkov
potok, Bystricka a Homdlka (tab. 1), ktoré reprezentuji
vrstvy turbiditového pieskovca porubského sudvrsivia
(alb — cenoman) tatrika a zliechovskej sukcesie s touto
asocidciou na vSetkych vyskytoch. Paleotransportné sme-
ry (od Z a7z Z)JZ na V az VSV) v porubskom savrstv{
Strazovskych vrchov (Jablonsky, 1978), ktor€ si v zhode
so zmenami turbiditovych facii od proximdlnych po dis-
tdlne, indikujd zdrojovi oblas{ mimo centralnych Zdpad-
nych Karpdt.

Materidl vrstiev turbiditového pieskovca pred depozi-
ciou v hlbokovodnom prostredi presiel modifikdciou
na plazach. Prezrddza to vyskyt orbitolin, ktoré ako agli-
tunujici material popri kremeni v hojnej miere vyuzivaji
i zrna tazkych minerdlov, najma leukoxénu, zirkénu,
chromspinelu, chloritu a turmalinu. Aglutindcia musela
nastal na pies¢itom dne v dosahu vlnenia, kde sa nahro-
madila tazkd frakcia ako $lich. Vzorka je z porubského
stvrstvia odkrytého v Stefanovskom potoku pod hotelom
Boboty zo Supiny spitne nasunutej na paleogén Malcj
Fatry. Vyskyt druhu Orbirolina (Mesorbitolina) cf. texana
(Roemer) a Orbitolina concava Henson poukazuje
na rozpdtie stvrstvia od albu do cenomanu. Podobny pripad
aglutindcie uvadza aj Wagreich et al. (1995), ale z urgén-
skych vdpencov (spodny apt) zo synklindly Thiersee.

Porubské sdvrstvie sa velmi podobd losensteinskym
vrstvam Vychodnych Alp. Z prac Gauppa (1982, 1983)
Jjednoznacne vychodi, Ze klasticky materidl aj ultrabdzicky
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detrit losensteinskych vrstiev (alb) pochddza zo sever-
nych zdrojov. Rezultuje to zo zmien proximality v jed-
notkdch presunutych cez seba, ako aj z nameranych pra-
dovych smerov zistenych na spodnych vrstvovych plo-
chach pieskovcovych lavic. Gaupp (l. ¢.) odvodzuje zdro-
jovu zénu klastik losensteinskych vrstiev z oblasti,
ktord by mala byt v pozicii spodného austroalpinika.
Podla pisomnej informdcie tohto autora (za ktord velmi
srdeéne dakujeme) a jeho prvych odhadov maji detritické
chromspinely (analyzované elektronovym mikroanalyza-
torom) z Orlového, Upohlavu a z porubského stvrstvia
(pravdepodobne ide o Cavoj) — alb malomagurskej jed-
notky) porovnatelné zlozenie ako chromspinely losen-
steinskych vrstiev na Z (v Alpach), aké publikoval
Pober a Faupl (1988).

Chroémspinelova asocidcia

Chrémspinelovi asocidciu zastupujli vzorky z Oravic,
Lietavskej Liicky a Mojtina a demonStruje sa v klasti-
kdch spodnej kriedy (valangin — hoteriv) centrdlnych
Zapadnych Karpat. Tieto spodnokriedové stupne st v tatriku
zastupené pelagickymi faciami bez turbiditov a v krizian-
skom a cho¢skom prikrove st v nich z niekolkych lokalit
zndme turbidity s obsahom siliciklastického alebo ofioli-
tového detritu s velkou prevahou chrémspinelov nad
ostatnymi tazkymi minerdlmi. Vysoky podiel chrémspi-
nelov, paleotransportné smery (orientacia klastickych zin)
od JV na SZ namerané v pieskovcovych vrstvdch valanginu
krizhanského prikrovu (Oravice) a hojnost chrémspinelov
v spodnokriedovych a strednokriedovych stvrstviach
pohoria Gerecse (Csdszar a Argyelén, 1994) dvahe (Jab-
lonsky, 1992) svedCia o juznej proveniencii ofiolitového
detritu a jeho prechode do spodnokriedovych sdvrstvi
fatrika a hronika. Nizky podiel ostatnych transparentnych
minerdlov v chromspinelovej asocidcii tychto turbiditov
odzrkadluje charakter zdrojovej oblasti ~ obdukované
ofiolity prenikajice do jednotick budovanych prevazne
karbondtovymi horninami.

Uvedené velmi pripomina stav vo V¥chodnych Alpdch,
kde je v spodnokriedovych klastickych ¢lenoch tirolika
v tazkej frakcii zastdpend asocidcia bohata na chrémspinel.
Na typovej lokalite rossfeldského sdvrstvia pri Salzburgu
sa analyzou karbondtovych klastik dokdzala ich juzna pro-
veniencia, ¢o potvrdili aj paleotransportné ukazovatele
(synsedimentdrne vrdsy a iné Struktiry s vergenciou na S;
Ustna informdcia R. Faupla). Chemické zloZenie Cr spi-
nelového detritu tohto sutvrstvia ukdzalo, Ze proveniencnd
oblast popri chrémspineloch derivovanych z harzburgitov
ako pridavok doddvala spinely z lherzolitickych hornin
bohaté€ na Al (Faupl a Pober, 1991). Podobné zdvojenie
vykazuje dne$né ofiolitové pasmo dinarfd na tomto zaklade
(Faupl a Pober, |. ¢.) odvodzujd zdroj ofiolitového detritu
z vardarskej zony. T istd zonu za zdroj ofiolitového detritu
strednokriedovych klastik pohoria Gerecse pokladd i Sztand
(1990). Rossfeldské vrstvy smerom na V prstovite zasa-
hujud do schrambasskych vrstiev bajuvarika, kde nadobu-
daji charakter velmi podobny opisovanym turbiditom
z Oravic (porovnaj Decker et al., 1983).

Chrémspinelovo-zirkénova asociacia

Z tejto asocidcie sme analyzovali len jednu vzorku
z Orlového. Z tab. 1 vidiet, Ze chrémspinel a zirkon su
zastdipené priblizne v pomere [:1. Z tohto hladiska aso-
cidcia stoji medzi prvymi dvoma asocidciami, azda blizsie
k zirkénovo-chrémspinelove]j asocidcii (pozri aj uz spo-
menuté porovnanie Gauppa, 1982, 1983).

V podloznych albskych flySoch tejto (klapskej) jednotky
Marschalko (1986) preukdzal paleotransportné smery z V
az JV, ktoré sa vo vy§§ich (distdinejsich) Supindch stdcaju
na JZ. Materidl sa teda derivoval z vnitornejSich zén kar-
patského priestoru, ktory sa podla klasickych predstav
rozkladd z Andrusovovho chrbta na J od pieninika a na S
od tatrika. Najnovsie Plasienka (1993) umiestiluje sedi-
mentalny priestor klapskej jednotky do vnttornych zén.
Podla toho by siliciklasticky a ofiolitovy detrit mali svoje
zdroje v eSte vnitornejSich jednotkach.

Nateraz sa zda, Ze zastGpenie chrémspinelov v asocid-
cidch je predovsetkym funkciou ¢asu. Vyssi ako 80 %
obsah majd v spodnokriedovych ¢lenoch (valangin. hoteriv),
kym . a 3. asocidcia v strednokriedovych stuboroch
(alb — cenoman). Je otdzka, ¢i pri¢inou mohlo byt ,riedenie”
ofiolitového detritu zrezom a odkrytim hlbSich drovni
v zdrojovych oblastiach.

Okrem spomenutych sedimentov porubského sdvrstvia
a dal8ich klastickych hornin s Cr spinelmi sa v uvede-
nych tektonickych jednotkdch potvrdila ich pritomnost aj
v czorsztynskej jednotke bradlového pasma. V fazkej frakcii
prevldda Cr spinel spolu s grandtom (tab. 2) a vytvdrajd
chromspinelovo-grandtovii asocidciu alebo provinciu,
ktord sa zistila v sedimentoch albu (chmielowska formadcia)
na styku albskych ilovitych vapencov a ploch ,,hardgroudov™
v czorsztynskej jednotke na Siestich lokalitdch (Vrsatec,
Horné Srnie-kamenolom, bradlo Lednického hradu, Jara-
bina-kamenolom a Kamenica-bradlo). Obsah Cr spinelu
vécsinou prekracuje 50 %, Co protire¢i paleogeografickym
predstavam zdstancov juzného zdroja ofiolitového detritu.
Chemické analyzy Cr spinelov ani inych minerdlov sa
doteraz neurobili.

Tab. 2
Percentudlne zastipenie mineralov tazkej frakcie vo vdpencoch
chmielowske] formdcie — czorsztynskd jednotka
Heavy mineral ratios in the Chmielowa Formation
(Albian of Czorsztyn Unit)

Lokalita Sp Zr Ru Tu Gr At Mag
Horné Srnie-najvy3$si lom | 57 0 7 9 27 0 0
Horné Srnie-najvys$i lom 2 56 5 9 9 21 0 3
Vrsatec | 53 7 4 0 36 0 0
Vrdatec 2 50 3 9 19 7 12 0
Kamenica 59 2 4 7 28 0 0
Jarabina 46 8 9 4 31 2 0
Lednica 65 0 14 9 12 0 0

Sp - spinel, Zr — zirkén. Ru - rutil. Tu - turmalin, Gr — grandt,
At — anatas, Mag — magnetit

Sp - spinel. Zr — zircon, Ru — rutile. Tu — tourmaline, Gr — garnet,
At —anatase, Mag — magnetite
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Tab. 3
Percentudlne zastipenie minerdlov tazkej frakcie v Klastickych sedimentoch vrchného triasu na lokalitdch tatrika, fatrika a hronika
Heavy mineral ratios in the detritic sediments of Upper Triassic of Tatricum, Fatricum and Hronicum

Lokalita Vek  Jednotka Sp Zr Ru Tu Ap Gr d St
(:Ter\’en)" liplaz | rét tatrikum 14 39 42 0.8 34 0 0 0
Cerveny tplaz 2 rét tatrikum 14 42 38 0 59 0 0 0
Stefansky zlab rét fatrikum 15.8 353 30.8 23 15.8 0 0 0
chata Plesnivec rét fatrikum 9,1 40,7 40,7 0.9 8.6 0 0 0
Furkaska rét fatrikum 1.5 433 17.3 4.8 23.1 0 0 0
Dobrd Voda | karn  hronikum 144 59.9 12,9 0 0 0 12,9 0
Dobrd Voda 2 karn hronikum 6.1 60,6 12.1 0 212 0 0 0
Sipkov karn  hronikum 357 49 8.2 4,1 0 0 31 0
Mitice karn  hronikum 1.3 66,9 9.8 63 0 0 21 0
Nemecka karn hronikum 23 63,4 13 5.1 18 0 13 0
Liptovskd Osada karn  hronikum 9.8 66.6 17,6 0 0 0 4 2
cesta nad Hutami karn hronikum 4.5 69.3 10.8 4.5 6.4 0 4.5 0
Podturen karn  hronikum 5 63.3 11,7 3,3 5 0 5 6,7
Liptovsky Hrddok  karn hronikum 2.8 704 14,1 5.6 0 0 7 0

Ap —apatit, CI — chlorit, St — staurolit. ostatné symboly pozri v tab. 2
Ap — apatite, Cl — chlorite, St — staurolite. for the rest see Tab. 2

Okrem analyz kriedovych sedimentov sme zacali sk-
mat sedimenty triasu, v ktorych je Castd klastickd primes.
V sedimentdrnych hornindch vrchného triasu sa asocidcia
a percentudlny obsah mineralov tazkej frakcie oproti
asocidciam v kriedovych sedimentoch menia.

Jedinou znamou lokalitou Cr spinelov vo vrchnotriaso-
vych klastickych sedimentoch tomanovskej formacie
tatrika Zapadnych Karpat je Cerveny tplaz v Tichej doline
v Zapadnych Tatrdch (Sykora in Michalik et al., 1976).
Spinely sa povodne identifikovali vo vybrusoch jemno-
zrnného az hrubozrnného kremenného laminovaného pies-
Kovca tomanovskej formacie (rét). Drvenim horniny a od-
delovanim v bromoforme sa ziskala tazka frakcia, ktorej
zloZenie ilustruje tab. 3 (hodnotili sa transparentné mine-

raly a spinel). Chemickd analyza Cr spinelov sa doteraz
neurobila.

Sykora (1986) podobne ako v tatriku Vysokych Tatier
Cr spinely zistil aj v sedimentarnych hornindch najvrch-
nejSieho triasu az spodnej jury i v kriznanskom prikrove
tohto horstva. Su sicastou tazkej frakcie vo vrstvdch vdp-
nitého pieskovca a piescitého vdpenca (fatranské vrstvy
s. 1.). Analyzovali sme (azké frakcie na lokalite pod Novym-
-Stefansky Zlab na J od chaty Plesnivec (Belianske Tatry
— jednotka Havrana), v polskych Tatrdch z lokality Mala
Swinica a v sedimentoch rétu zliechovského vyvoja
(fatranské vrstvy s. s.) lokalitu Zlab pod Furkaskou.
Chemicky sa doteraz analyzovalo iba niekolko zin z loka-
lity Mala Swinica.

Tab. 4
Stratigrafickd distribicia doteraz znamych vyskytov Cr spinelov v mezozoickych sedimentoch zdpadokarpatskych jednotiek
Stratigraphic distribution of presently known Cr-spinel occurrences in the Mesozoic sedimentary units of the Western Carpathians

fatrikum hronikum

czorsztynskd jednotka  klapskd jednotka tatrikum
turdén
cenoman orlovské pieskovce

(Orlové)

chmielowské sdvrstvie

(H. Srnie, Vrsatec. albsky flys (Plevnik)
alb Jarabina. Lednica, Podsucha)

Kamenica)
apt
barém obliaky urgén. vdp.

(Nosice) (Cavoj)

hoteriv
valangin
berias
malm
doger
lias krin. vapence (Klape)
rét
norik
karn

porubské stivrstvie
(Bystricka, Cut. potok,

porubské sivrstvie
(Homolka. Boboty)

obliaky urgon. vap.

schrambasské stvrstvie
(Mojtin)

schrambasské suvrstvie

(Liet. Luc¢ka, Oravice)

fatranské stivrstvie
(Mala Swinica)

lunzské vrstvy (Podtureri.
Dobrd Voda, Lipt. Osada)
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Podla vysledkov niekolkych analyz v tatriku, v kriZiian-
skom prikrove (tomanovskej formadcii) a vo fatranskych
vrstvach Vysokych Tatier previdda zirkdnovo-rutilovd
alebo rurilovo-zirkonovd asocidcia a obsah Cr spinelu je
9-15,8 % (tab. 3).

Doteraz najstar$im stratigrafickym horizontom v mezo-
zoickych sedimentoch Zdpadnych Karpdt, v ktorom sa vy-
skytujd Cr spinely, st lunzské vrstvy v cholskom pri-
krove. Sedimentovali v jule az tuvale. Cr spinely sa
v nich nasli v jadre vrtu Dobrd Voda (Broska in Michalik
et al., 1992). Spinely sa zistili aj v lunzskych vrstvach
v podloZi neogénnych sedimentov viedenskej panvy (napr.
Samuel et al., 1991), a to v stvrstvi zloZzenom z ilovca,
siltovea a pieskovca (litické a Zivcové droby — Michalik
et al., 1992; resp. subarkdzy a arkdzy — Marschalko
a Pulec, 1967).

Analyzovali sme tazké mincrdly z pieskovcovych vrs-

tiev lokality Dobrd Voda-vrt DV-1, Sipkov, Mitice, Lip-
tovskd Osada, Nemeckd, cesta nad Hutami, Podturen
a Liptovsky Hradok. Z troch lokalit — Dobrd Voda-vrt
Dv-1, Liptovskd Osada a Podturen — sa stanovil chemiz-
mus Cr spinelov (spolu 30 zin). V spolocenstve tazkych
minerdlov v lunzskych vrstvach chocského prikrovu
vo vsetkych analyzovanych vzorkach vyrazne dominuje
zirkén, takZe mozno hovoril o zirkdnovej provincii.
Obsah Cr spinelu bol 2.8-35,7 % (tab. 3).
_ V lunzskych vrstvédch bajuvarika a tirolika Vychodnych
Alp sa vyclenilo viac asocidcil resp. provincii tazkych
minerdlov (pozri Behrens, 1972). S Cr spinelom sa tam
Casto vyskytuje aj grandt, ktory sa v naSich vzorkdch
nezistil. Cr spinel na lokalite Dobrd Voda-vrt DV-1 iden-
tifikoval Broska (in Michalik et al., 1992).

Jednotky a stratigrafické horizonty, v ktorych sa zistil
Cr spinel, su v tab. 4.

Chemicka variabilita chrémspinelov

Zdikladné udaje o chemickom zloZenf{ a Struktire analy-
zovanych zfn su v spravach Jablonského et al. (1995,
1996). Korelacné diagramy pouzité v novsej literatire na
vyjadrenie zdvislosti Mg#, t. j. Mg/(Mg + Fe*") a Cr#,
t.j. Cr/(Cr + Al) (napr. Pober a Faupl, 1988) maju zacia-
tok vpravo dole a vysledky analyz sme zobrazili v takejto
forme grafov (obr. | a 2). Udaje sd vyjadrené konttrovymi
diagramami na vymedzenie pola bez ndhodnych alebo
ojedinelych udajov. Pri analyze a hodnoteni sme pouzili
rovnakd metodiku a rovnaké pristroje.

Zlozenie analyzovanych zin chrémspinelov sme zobra-
zili Stevensovym (1944) klasitfikaénym diagramom spi-
nelov. Vynesené projekéné body ukdzali, ze okrem troch
vynimiek st vietky vo IV. a V. poli, ktoré zodpovedaji
chrémspinelu (IV. pole) a alumochromitu (V. pole; pozri
tab. 5). Zdroven konStatujeme, ze rozdelenie do IV. a V.
pola nie je rovnomerné ani pri detritickych spineloch
pochédzajlcich z pieskovcovych telies, ani pri spineloch
z vapencovych obliakov (obr. 3-7).

Z konttrovych diagramov vyplyva, Ze sa zloZenim troj-
mocnych katidnoy vietky vzorky dos( podobaji. Odtisuji
sa hlavne rozptylom chemického zloZenia: od linedrneho

a Mg/(Mg+Fe®) b Mg/(Mg+Fe”)
1.0 0.8 06 04 0.2 0.0 1.0 0.(8 0.'6 0;4 0;2 0.0
podiformné chromity ofiolity typu Ill
08 f 08t (4
06 =06 |
3 /X 3
6 i /\__:'kumuléty O
= i ;t’ ofiolity
A : L typu It
0.4 1 f / harzburgity 0.4 ypu
e /'7
{
02 | ! 02 b
17 lherzolity
v/ \
0.0 0.0 ofiolity typu |

Obr, 1. a — Kompozi¢ny kontirovy diagram poli chemizmu spinelov
jednotlivych typov hornin ofiolitove] skupiny (podla Pobera a Faupla.
1984). b - Klasifika¢ny kontdrovy diagram peridotitov (podla Dicka
a Bullena. 1984).

Fig. 1. a — Compositional contour diagram of spinel chemical compo-
sitions from individual rock types (according to Pober and Faupl.
1984). b — Classification contour diagram of peridotites (after Dick
and Bullen. 1984).

priebehu, aky je vo vzorke Nosice (I u) a vo vzorkdch
z lunzskych vrstiev (obr. 2a, 2e), po iné, ktoré nevykazuju
taky stupen linedrneho priebehu, napr. Cutkov potok
(obr. 2d) a Boboty (obr. 2c¢).

Spolo¢nym znakom vzoriek z porubského sdvrstvia je
rovnomernejsie rozlozenic priemetnych bodov v ploche
a vo vertikdlnom smere vyraznejsie pretiahnuté pole prie-
Najmarkantnejsi rozdiel je v tom, Ze pole priemetoyv analyz
z Bystricky (obr. 2d) je posunuté v prospech Cr (Cr#
v rozsahu 0,87-0,46), kym vzorky z Homélky (obr. 2¢)
su bohaltSie na Al (Cr# 0,76-0,38).

Vzorky spodnokriedovych turbiditov z Mojtina (obr. 2b),
Lietavskej La¢ky a Oravic (obr. 2¢) sa vyznacujli vacSim
ststredenim priemetnych bodov analyz okolo jedného
centra, Cize obsah Al sa meni v menSom rozsahu. Prie-
metné pole bodov analyz z Lietavskej Lucky je oproti
ostatnym ndpadne posunuté v prospech obsahu Mg (chu-
dobnejSie na Fe?*) priblizne 0 0,1.

Vzorka z Orlového (cenoman klapskej jednotky; obr.
2a) ma vo vSetkych posudzovanych znakoch prekvapuju-
co prechodné postavenie medzi vzorkami z porubského
stvrstvia a zo spodnokriedovych turbiditov (rovnomernejsi
rozptyl priemetnych bodov, stredne vyrazné maximum,
pomerne vysokd variabilita Cr#). V tejto vzorke lezia
pod Cr# 0,4 az tri body, ¢o poukazuje na ich povod
z lherzolitov.

Spolo¢nym znakom vSetkych vzoriek zo vSetkych
lokalit je nepriama zavislost Mg# od Cr#. Cim vyssie je
Crfl, tym menSie je Mg/ Tato zavislost je zrejmd i z vy-
sledkov analyz z Vychodnych Alp a pohoria Gerecse (Po-
ber a Faupl, 1988; Argyelén, 1996). Oproti vzorkdm
z Alp st polia priemetnych bodov chemickych analyz
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vzoriek, ktoré sme Studovali, v grafoch trochu posunuté
dolava (menSie zasttpenie Fe?"). Rozsah zistenych hodnot
Studovanych vzoriek a trend zmien sd podobné a blizke
publikovanym ddajom.

Obr. 2. a - Kontdrovy diagram chemizmu spinelov z kriedovych sedi-
mentov klapskej jednotky. b - Kontdrovy diagram chemizmu spinelov
z lokality Mojtin — hoterivské sedimenty cho¢ského prikrovu. ¢ = Kon-
tirovy diagram chemizmu spinelov z kriedovych sedimentov krizinan-
ského prikrovu. d - Kontirovy diagram chemizmu spinelov z kriedo-
vych sedimentov tatrika. e — Kontdrovy diagram chemizmu spinelu
z lunzskych vrstiev choéského prikrovu. f — Kontdrovy diagram
chemizmu spinelov z liasovych sedimentov klapskej jednotky (Klape)
a pieskovcovych vrstiev rétu kriznanskej jednotky (Mala Swinica).
Fig. 2. a — Contour diagram of spinel chemical compositions from
Cretaceous sediments of Klape Unit. b — Contour diagram of spinel
chemical compositions from Hauterivian sediments of Cho¢ nappe
(Hronicum, locality Mojtin). ¢ — Contour diagram of spinel chemical
compositions from Cretaceous sediments of Krizna nappe (Fatricum).
d - Contour diagram of spinel chemical compositions from Cretaceous
sediments of Tatricum. e = Contour diagram of spinel chemical com-
positions from Lunz Formation (Carnian) of Cho¢ nappe. f — Contour
diagram of spinel chemical compositions from Liassic sediments of
Klape Unit (Klape) and sandstones of Rhaetina of Krizna nappe
(Mata Swinica).

Z porovnania konttirovych diagramoy s typmi ofiolitov
podla Dicka a Bullena (1984) je zrejmé. Ze prevaznd
vicSina vzoriek spadd do pola neridotitov typu il. Ide
o prechodné typy medzi typom 1. ktoré reprezentuji peri-
dotity prostredia stredoocednshych chrbtov, a typom ill,
Ktoré sa viazu na rané §tadia vzniku ostroy nych obitkos
(Dick a Builen, 1. ¢.).

Na geotektonicky vyznam detitickych spinelov v mi-
nulosti poukdzal Zimmerle (1984). Vyrazny obsah Cr
spinelov v sedimentoch moze signalizoval Specilické tek-
tonické prostredie, zaliatok tektonickych procesov alebo
postupujlicu denudaciu bazickych masivov.

Zaver

Z protichodnych predstdv o dvoch zdrojoch (resp. jed-
nom zdroji a jeho mieste), ktoré doddavali ofiolitovy detrit
do kriedovych klastik jednotick centralnych Zdpadnych
Karpat a bradiového pasma, vyplynula potreba Studoval

Fe Orloveé Plevnik Nosice ¢

Obr. 3. Klasifikacny diagram spinelov kriedovych sedimentov klap-
skej jednotky (podla Stevensa, 1944). I — chrommagnetit. II — alumo-
magnetit, Il — ferispinel, IV — chrémspinel. V - alumochromit,
VI —ferichromit.

Fig. 3. Classification diagram (after Stevens. 1944) of spinels from
Cretaceous sediments of Klape Units. I — chrome magnetite. I — alu-
momagnetite, I — ferrispinel. [V — chrome spinel, V - alumochromite.
VI —ferrichromite.
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Tab. 5
Percentudlne zastlipenie chrémspinelu, alumochromitu a ferichromitu v analyzovanych vzorkach na jednotlivych lokalitach
Ratios of chrome spinel, alumochromite and ferrichromite in the analysed samples at individual localities

Percentudlne zastipenie

Vek Jednotka Lokalita Po¢. analyz. Chrémspinel  Alumochromit Ferichromit
alb tatrikum Bystricka 53 38 96.2 0
alb tatrikum Cut. potok 58 155 84.5 0
alb tatrikum Podsucha 35 18.6 814 0
alb Krizn. pr. Boboty 48 18.8 81.2 0
alb krizn. pr. Homolka 48 29.2 70.8 0
neokém krizn. pr Liet. Liicka 50 8 92 0
neokém Krizn. pr Oravice 44 114 88.6 0
neokom cho¢. pr. Mojtin 50 8 90 2
alb klap. j. Plevnik 60 133 86.6 0
cenom. klap. j. Orlové 45 17.8 822 0
apt (val.) tatrikum Cavoj 35 31 67 2
apt (val.) klap. j. Nosice 56 333 66.6 0
karn choé. pr 3 lokality 30 33 93.3 33

3+
Fe Cr

Obr. 4. Klasifika¢ny diagram spinelov z hoterivskych sedimentov
cho¢ského prikrovu (symboly — pozri obr. 3).

Fig. 4. Classification diagram of spinels from Hauterivian sediments
of Cho¢ nappe (symbols — see Fig. 3).

chemické zlozenie detritickych chrémspinelov tazkej frak-
cie spodnokriedovych a strednokriedovych klastik tychto
Jjednotiek. Zacali sme analyzovat aj {azké frakcie a Cr spi-
nely v starSich sdvrstviach mezozoika — jury a triasu.
Analyzovalo sa 666 zfn chrémspinelov zo sedemnds-
tich lokalit. Tri vzorky su zo ..schrambaSskych™ vrstiev
(valangin, hoteriv) krizianského a cho¢ského prikrovu
(Oravice, Boboty, Lietavskd Lacka, Mojtin), pit z porub-
ského sdvrstvia (alb — cenoman) tatrika (Bystri¢ka, Pod-
suchd, Cutkov potok, Cavoj) a krizfianského prikrovu
(Hombdlka), tri z klapskej jednotky (alb — cenoman; Orlové,
Plevnik, Nosice), tri z vrstiev lunzského pieskovca choc-

Oravice

Lietavska
Lucka

Fe Homdlka Boboty ¢

Obr. 5. Klasifika¢ny diagram spinelov z kriedovych sedimentov
kriznanského prikrovu (symboly — pozri obr. 3).

Fig. 5. Classification diagram of spinels from Cretaceous sediments of
KriZna nappe (symbols —see Fig. 3).

ského prikrovu (Dobra Voda, Liptovskd Osada, Podturen).
jedna z liasu klapskej jednotky (Klape) a jedna z kriznan-
ského prikrovu (Mala Swinica); obr. 8.

Podla zastipenia minerdlov v tazkej frakcii kriedovych
sedimentov sme vy¢lenili Styri asocidcie tazkych mine-
ralov:

1. zirkdnovo-chrémspinelovii (pomer zastipenia cca
2 : 1), charakteristickd pre porubské savrstvie, 2. chrdm-
spinelovii (pomer k zirkénu cca 10 : 1), charakteristicku
pre spodnokriedové turbidity, 3. chromspinelovo-zirko-
novi (pomer cca | : 1), zastlpend vo vrstvach orlov-
ského pieskovca, a 4. chromspinelovo-grandiovii (po-
mer 6 : 1 az2: 1,5), chmielowski formdciu v czorsztyn-
skej jednotke bradlového pasma.

V sedimentoch triasu sme vyclenili zirkonovo-rutilovii
resp. rutilovo-zirkonovii asocidciu (tatrikum a fatrikum)
a v lunzskych vrstvdach hronika zirkdnovii.

Geologické a sedimentologické poznatky nielen zo Za-
padnych Karpdt, ale aj z Vychodnych Alp vedd k predpo-
kladu o jednom zdroji v externej pozicii (unterostalpin,
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fe Podsucha Cutkov ¢ ¢
potok Bystncka Cavo| Cr

Obr. 6. Klasifikacny diagram spinelov z kriedovych sedimentov tatrika
(symboly — pozri obr. 3).

Fig. 6. Classification diagram of spinels from Cretaceous sediments
of Tatricum (symbols — see Fig. 3).

Al e Dobré voda
» Liptovska Osada
+ Podtaren

Fe”' Cr

Obr. 7. Klasifika¢ny diagram spinelov z lunzskych vrstiev cho¢ského
prikrovu (symboly — pozri obr. 3).

Fig. 7. Classification diagram of spinels from Lunz Formation
(Carnian) of Cho¢ nappe (symbols — see Fig. 3).

penninikum) a o druhom, internom (vardarskd zéna podla
rakdskych autorov), ktorym by mohlo by( meliatikum,
Strukturované uZ v najvrchnejsej jure (HOk et al., 1995).
Variabilita v zloZen! Cr spinelov z rozli¢nych jednotiek
Zapadnych Karpdt v3ak nie je natolko vyraznd, aby bolo
mozno podla chemického zloZenia potvrdit provenienciu
stanovend na zdklade geologickych kritérii.

Podla vysledkov chemickych analyz predpokladdme, Ze
materskymi horninami Cr spinelov v mezozoickych sedi-
mentoch Zapadnych Karpdt boli ofiolity typu II (pozri
Dick a Bullen, 1984), ktoré by mali odrdZat §tadia vyvoja
ocednskeho bazéna (otvorenie aZ zrelosi).

Vysledky nasho vyskumu treba chdpat ako predbezné.
Spracovanie vzoriek a chemicka analyza Cr spinelov
v rozli¢nych jednotkdch kriedovych, jurskych a triasovych
stvrstvi vykazuji nizku variabilitu (polia sa do znacnej
miery prekryvajti). Podobné vysledky st aj z Vychodnych
Alp (Pober a Faupl, 1988).

Al

® Klape
m Mata Swinica

Fe Cr

Obr. 8. Klasifikaény diagram spinelov z liasovych piescitych vapen-
cov klapskej jednotky (bradlo Klape) a z pies¢itych vdpencov rétu
kriznanského prikrovu (Mala Swinica: symboly — pozri obr. 3).

Fig. 8. Classification diagram of spinels from Liassic sandy limestones
of Klape Unit (Klape) and Rhaetian sandy limestones of Krizna nappe
(Mata Swinica; symbols — see Fig. 3).
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Detritic Cr-spinels in Mesozoic sedimentary rocks of the Western Carpathians
(overview of the latest knowledge)

More than 600 grains of detrital chromium spinels from
Mesozoic sediments of various Western Carpathian units
were analysed. The samples came from 12 sites of Lower
and Middle Cretaceous of Tatricum (Bystricka, Cutkov
potok, Podsuchd), Fatricum (Lietavskd Licka, Oravice,
Homolka, Boboty), Hronicum (Mojtin), Klape Unit (Plev-
nik. Orlové), including two pebbles of Urgonian Limestones
from exotic conglomerates (Tatricum — Cavoj and Klape Unit
— Nosice). For comparison, some analyses of chromium
spinels coming from three localities of Lunz Formation of
Hronicum (Podtureni, Dobrd Voda, Liptovskd Osada), as
well as Liassic crinoidal limestones of Klape Klippe and
Rhaetian Fatra Formation of Krizna nappe (Mala Swinica)
were carried out.

Percentual evaluation of heavy mineral assemblages

Heavy mineral analysis of Lower to Middle Cretaceous
sediments revealed two or three principal assemblages:
1. zircon—Cr-spinel assemblage (% rutile, apatite. tourmaline),
2. Cr-spinel (£ zircon, rutile) and 3. Cr-spinel—zircon (£ rutile,
apatite and tourmaline).

The zircon-Cr-spinel assemblage is represented by localities
Podsuchd, Cutkov potok, Bystricka and Homélka (Tab. 1). The
samples represent turbiditic sandstones of Poruba Formation
(Albian-Cenomanian) of Tatricum and Fatricum (Zliechov De-
velopment). The paleotransport directions from W (WSW) to E
(ENE) in Poruba Formation of Strdazovské vrchy Mts. (Jablon-
sky, 1978) that are consistent with changes of turbidite facies
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from proximal do distal, would indicate a source area located
externally from the Central Western Carpathians.

The Cr-spinel assemblage is represented by Oravice, Lie-
tavskd Licka and Mojtin localities. The assemblage occurs
in Lower Cretaceous clastics (Valanginian-Hauterivian) of
the Central Western Carpathians. A high percentage of
Cr-spinels, paleotransport directions (orientation of detrital
grains) from SH to NW measured in Valanginian sandstones
of KriZna nappe (Oravice) and abundance of Cr-spinels in Lo-
wer to Middle Cretaceous successions of Gerecse Mts.
(Csdszdr and Argyeldn, 1994) led to the oppinion of Jablon-
sky (1992) about the southern provenance of the ophiolitic
detritus in Fatric and Hronic units.

The Cr-spinel-zircon assemblage was found only in Orlo-
vé Locality (Tab. 1) where these two minerals are in propor-
tion | : 1. This indicales that this assemblage is between the
both previous assemblages, perhaps closer to the zircon-Cr-
-spinel assemblage. In the underlying Albian flysch of this
unit (Klape Unit) Marschalko (1986) measured paleotrans-
port directions from E and SE, higher (in more distal slices)
turning to SW. Hence, the material was derived from inner
zones of the Carpathian realm, most probably from classical
Andrusov Ridge located south of Pieninic and nort of Tatric
zone at that time.

The proportion of Cr-spinels appears to be a function of
time. Higher percentages (up to 80 %) are in the Lower Creta-
ceous sequences (Valanginian, Hauterivian), whereas the Ist
and 3rd assemblages occurred in Middle Cretaceous sedi-
ments. This may indicate a “dilution” of ophiolite detritus by
progressing erosion and uncovering of deeper parts of the
sollrce areas.

Another important assemblage: Cr-spinel-garnet was
recently found in Albian sediments of Czorsztyn Unit at six
sites (Tab. 2): Vrsatec, Horné Srnie Quarry, Lednica Castle
Klippe. Jarabina Quarry and Kamenica Klippe. Through
no chemical analyses have been made yet from the Cr-spinels
of these localities, their presence (mostly over 50 %) in
Czorsztyn Unit represents revolutionary fact that offers new
view on the paleogeography of the Pieniny Khippen Belt
and the Western Carpathians as a whole. At least, the sim-
plified models placing the ophiolitic source exclusively to
the south of the Central Western Carpathians and transpor-
ting the ophiolite detritus-bearing sediments only through
the KriZzna nappe seem to be erroneous in the light of the
new data.

Besides analyses of Cretaceous sediments, some sites of
Upper Triassic detritic sediments were studied too. However,
the percentages of heavy minerals in these sediments are dif-
ferent. The only known Cr-spinel occurrence in Upper Trias-
sic sediments of Tatricum is Cerveny Uplaz in Tichd dolina
valley 1in Western Tatra Mts. (Sykora in Michalik et al.,
1976). The spinels have been identified 1n thin-sections in
finc- to coarse-grained laminated sandstones of Tomanové
Formation (Rhaetian). The percentual evaluation of heavy
mineral assemblage is in Tab. 3. Chemical analyses of spi-
ncls have not been done yet. Similarly as in Tatricum, pre-
sence of Cr-spinels was ascertained also in KriZzna nappe of
the same mountains (Sykora, 1986). They occur in calcareous
sandstones to sandy limestones of Fatra Formation (Rhaetian).
Heavy mineral assemblages from the localities Stefansky
zlab, south of Plesnivec Cotlage (Belianske Tatry Mts. —
— Havran Unit), Mata Swinica (Polish part of West Tatra
Mts.) and Furka$ka locality. Except the Mala Swinica locali-
ty, chemical analyses have not been done yet. In the Tatric
and Fatric Rhaetian formations, zircon-rutile to rutile-zircon

assemblages are predominant. The Cr-spinel ratios reach up
1o 9-15.8 % (Tab. 3).

The oldest known Mesozoic stratigraphic horizon with
Cr-spinels in Western Carpathians is Lunz Formation of
Chot¢ nappe (Hronicum). Its deposition took place in Julian
to Tuvalian. Presence of the Cr-spinels was ascertained in
Dobréd Voda Borehole (Broska in Michalik et al., 1992). Spi-
nels were found also in Lunz Formation underlying the
Neogene sediments of the Vienna Basin (Samuel et al.,
1991). The formation consists of claystones, siltstones and
sandstones (lithic to feldspatic greywackes (Michalik et al.,
1992) to subarcoses and arcoses (Marschalko and Pulec,
1967). Heavy minerals from sandstones of Dobrd Voda Bore-
hole (DV-1), §1’pk0\', Mitice, Liptovskd Osada, Nemeckd,
road above Huty, Podtureni and Liptovsky Hrddok localities
were analysed. From Dobrd Voda, Liptovskd Osada and Pod-
turefl, chemism of Cr-spinels has been measured (30 grains).
All the examined samples were dominated by zircon (zircon
province). The Cr-spinel percentages ranged from 2.8 to
35.7 % (Tab. 3).

Chemical evaluation of spinels

For evaluation of chemical analyses, spinel classification
diagram of Stevens (1944) was used. The data showed that
apart from three exceptions, all the measured grains were
concentrated in the fields IV and V corresponding to chrome
spinels to alumochromites (see Tab. 5). It is noteworthy that
the distribution between the fields IV and V was different for
the spinels coming from the sandstones and from the exotic
carbonate pebbles (Figs. 3-7).

Contour diagrams show that the proportions of trivalent
cations are similar in all the examined samples. They differ
mostly in their distribution from linear distribution, e. g.
Nosice — I u, Lunz Formation samples (Fig. 2a, 2¢) to more
isometric one, e. g. Cutkov Potok (Fig. 2d) and Boboty
(Fig. 2¢). The common feature of all samples of Poruba For-
mation is relatively regular planar distribution of points for-
ming a markedly vertically efongated field (wider variability
of Al and Cr). The field of Bystricka (Fig. 2d), however, is
shifted closer to Cr axis (Cr# in the range of 0.87-0.46),
whereas Homolka sample (Fig. 2¢) was richer in Al (Cr# in
the range of 0.76-0.38). The analyses from Lower Cretaceous
turbidites from Mojtin (Fig. 2b), Lietavskd Licka and Oravice
(both Fig. 2¢) are more concentrated around certain centers,
i. e. Al contents is less variable. Lietavskd Lic¢ka sample 1s
richer in Mg and poorer in Fe?*. The sample {rom Orlové
(Cenomanian of Klape Unit — Fig. 2a) has transitional posi-
tion between Poruba Formation samples and Lower Cretaceous
turbidites in all observed aspects (more regular distribution,
moderately expressed maximum, relatively high variability
of Cr). In this sample, three grains have Cr# less than 0.4
which indicates their source from lherzolites.

Common feature of all localities is negative dependence
between Mg# and Cr#. This typical dependence is also evi-
dent in the results from the Eastern Alps and Gerecse Mis.
(Pober and Faupl, 1988; A)rgye]zin, 1996). However, if com-
pared with the Alpine localities, our samples show a relative
shift in the diagrams because of lesser amount of Fe™*.
Nevertheless, the ranges of values and trends of their changes
are similar to the published data.

Comparison of our contour diagrams and the ophiolite
types according to Dick and Bullen (1984) displayed that
most of the studied samples falls into the field of type II
ophrolites (Fig. Ib). They are transitional types between the
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type I representing mid-oceanic ridge environments and type
[11 related to early stages of volcanic arc evolution (Dick and
Bullen. I. ¢.). Geotectonic importance of detritic spinels was
already emphasized by Zimmerle (1984). Considerable amo-
unt of Cr-spinels can point to specific tectonic environment,
to beginning of tectonic processes or to progressing denuda-
tion of former oceanic basins.

Hypothetic source areas

Geological and sedimentological data from the Alps and
Western Carpathians led to the opinion about two sources of
detritic spinels: an external source (Penninic), providing det-
ritic material to Lower Austroalpine domains and the internal
one Vardar Suture (according to Austrian authors) or Meliaticum

(according to Slovak authors) which was tectonized already
in latest Jurassic (Hok et al., 1995).

On the basis of chemical analyses we suppose that the source
rocks of Cr-spinels were type II ophiolites (Dick and Bullen,
1984) which should reflect individual stages of evolution of an
oceanic basin from opening to mature stages of spreading. The
results presented herein are still preliminary and require further
interpretation and comparison with the neighbouring areas. The
chemical composition of Cr-spinels displays low variability
and large overlaps between the individual fields. Similar results
were presented from the eastern Alps (Pober and Faupl, 1988).
The variability in Cr-spinel chemical compositions from various
units of Western Carpathians do not display so different trends
that would allow to distinguish the same provenances which
were estimated on the basis of geological criteria.
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Cr spinely zo serpentinitickych pieskovcov Sambronskej zony

JAN SPISIAK, JAN SOTAK, ADRIAN BIRON a TOMAS MIKUS

Geologicky tstav SAV. Severnd 5. 974 01 Banska Bystrica

(Dorucené 18. 10. 2001)

Cr-spinels from serpentinitic sandstone of the Sambron Zone (Eastern Slovakia)

Three types of spinels, differing with optical properties and chemical composition, were found in bo-
dies of serpentinitic sandstone of the Sambron Zone. Their main differences are in contents of Al, Cr.
Mg and Fe. We suppose their transport to sediments from two differing proveniences.

Key words: Sambron Zone, serpentinitic sandstone, Cr-spinels

Uvod

Sedimentdrne horniny s obsahom Cr spinelového detritu
s zndme z rozli¢nych sérif a ich genéza sa najcastejsic
spdja s dezintegrdciou ofiolitovych sekvencii. Rezidudiny
detrit ofiolitov bol opisany napr. z pieskovcovych telies
rossfeldskej a gossauskej formécie Vychodnych Alp (Diet-
rich a Franz 1976; Pober a Faupl, 1988; Wagreich, 1993).
V tomto pripade autori predpokladali, Ze ide o zvysky
recyklovaného materidlu starSich sutdrnych zén. Sedimenty
s ofiolitovym detritom maju spravidla Gzku vizbu na geo-
tektonické rozhrania typu okrajov kontinentov, resp. sa
viazu na subdukéné zény, a tak poskytuji dolezité infor-
mdcie o geotektonickom postaveni komplexov, v ktorych
vystupuji. Zo Zapadnych Karpdt sa opisali dtvary serpen-
tinitick¢ho pieskoveca zo Sambronskej zony (Sotdk a Bebej,
1996). Cr spinelovy detrit sa zistil aj v kriedovych sdvrs-
tviach prikrovovych jednotiek a bradlového pasma (Misik
et al., 1980; Jablonsky et al., in press) a vo vonkajSich
flySovych jednotkdch (Starobovd, 1963; Krizdni, 1985;
Winkler a Slaczka, 1992).

Geoldgia

§ambrc3nské zéna zaberd severny okraj Levocskych
vrchov a SariSskej vrchoviny pri rozhrani centrdlnokarpat-
ského paleogénu a bradlového pasma a tvoria ju flySové
sekvencie s intraforma¢nymi zlepencami a s bazalnym
stvrstvim numulitového vdpenca (Lesko et al., 1983).
FlySové sedimenty zony si zvrdsnené a postihnuté vyraz-
nou transpresnou deforméciou (Plasienka et al., 1998).
Serpentinitické pieskovee tejto zony boli opisané od Ka-
menice (Sotdk a Bebej, 1996), kde vystupuji v sekvencii
tenkorytmického flySu typu ,,zebra®. Stvrstvie je vrchno-
oligocénneho veku s rozpitim zén NP 24 — NP 25 (Sotdk
a Bebej, I. c.).
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Serpentiniticky pieskovec je zelenkasty, jemnozrnny az
strednozrnny a vyrazne laminovany (Td Boumov interval).
Podla podrobnych petrofacidlnych analyz je priemerné
modalne zastdpenie zloziek Q,sFglqy. Vysoky obsah detri-
tickych serpentinitov a sklovitych klastov (Lv = 62 %) sa
odraza v prevahe nestabilnych litickych komponentov.
Intersticidlny material pieskovcovych telies zodpoveda
hlavne pseudomatrixu (generovanému najméd rozkladom
litickych zin). Pri diagenéze sa pieskovec rekryStalizoval
a vznikli trioktaédrické fylosilikaty (Biron et al., 1999).
Vysoky obsah serpentinitovych klastov sa odrdza aj
v chemickom zloZeni pieskovcovych telies (vysoky obsah
MgO; tab. 1). Zachovanie krehkych klastov serpentinitov
poukazuje na sedimentdciu zo zriedenych turbiditnych
suspenzii s nizkym disperznym tlakom zfn. Vyskyt ser-
pentinického pieskovca v Sambronskej zéne dokumentuje
vysoku aktivitu bazickych zdrojov. Spinely a leukoxény
prevladaji aj medzi tazkymi minerdlmi. Minerdly supra-
krustdlneho povodu (napr. grandt) v asocidcii chybaju
tplne.

Tab. |
Chemické zloZenie pieskovcov
Chemical composition of sandstones

Vzorka 258/V K-1 255/11  256/TMI
SiO. 56,42 59,65 49.50 47.70
TiO, 0.40 037 061 0,53
ALO, 7,08 783 772 10.62
FesOy 4,39 3.74 4.51 642
MnO 0,05 0.04 0.03 0.02
MgO 11.98 8.40 1447 16.68
Ca0 632 598 765 3.69
Na.0 0.01 0.04 0,69 0.01
K-O 123 2.10 122 145
b 87.88 88.15 86.40 87.12
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Obr. 1. a, b - Struktira studovanych vzoriek pieskovea (biele zr4 Cr spinelov). ¢ —Zrno Crspinelu | typu, svetly lem — Cr magnetit. d — rozpukan¢
zrno Cr spinelu — | typ. e — Zrno Cr spinelu — 2. typ. f — zrno Cr spinelu — 3. typu.

Fig. 1. a, b — Structure of studied sandstone samples (white grains represent Cr-spinels). ¢ — Cr-spinel grain of the Ist type, white rim — Cr-magnetite.
d— Crushed Cr-spinel grain — Lst type. e — Cr-spinel grain - 2nd type. f — Cr-spinel grain — 3rd type.

Mineralégia

Studovali sme okolo 20 vzoriek pieskovca a detailne
skdmali distribiciu a zloZenie Cr spinelov v §tyroch
vzorkdch (leStené vybrusy). Spinely sa analyzovali
za Standardnych podmienok na elektronovom mikroanaly-

zatore JEOL Superprobe 733 (GUDS Bratislava, analytik
F. Cano) a krystalochemické vzorce minerdlov sa prepo-
¢itali pomocou programu MINFILE a KCHVZ.

Cr spinely v serpentinitickych pieskovcovych dtvaroch
vystupuji v podobe nezondlnych subhedralnych zin. Spi-
nelovy detrit je distribuovany nerovnomerne (obr. la, 1b).
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Zrd Cr spinelov sa v serpentinitovych klastoch vyskytuji
iba zriedka, st vacSinou samostatné a bez zjavnej vizby
na klasty. Okrem spinelov je z tazkych minerdlov zastd-
peny aj rutil, ilmenit a Fe oxidy.

Zrnéd Cr spinelov v8etkych Studovanych vzoriek boli
podobného charakteru, ¢asto kataklazované (obr. 1d),
na okrajoch zriedka s chrommagnetitovym lemom alebo
s uzavreninami pyritu v Cr spineloch (obr. Ic). Podla
optickych vlastnosti sa vyclenili tri typy Cr spinelov.

— Prvy typ hnedocCervene presvitd pri prechadzajlicom
svetle, je slabo katakldazovany, slabo zondlny, zriedka aj
s lemom Cr magnetitu. Vo vybrusoch byva zastipeny
V prevaznom mnozstve.

— Druhy typ tvoria hnedocierne (pri prechddzajlicom
svetle) az nepriechladné, takmer nekatakldzované zrnd
(obr. le) homogénneho zlozenia. Je zriedkavejsi ako . typ
(pomer cca 6-8:1).

— Treti typ tvoria nepriehladné, v detaile nehomogénne
zrnd so Struktirou podobnou mirmekitickej (obr. 1f).
Je to velmi zriedkavy typ.

Geochémia

Cr spinel patri medzi najddlezitejSie petrogenetické in-
dikdtory ultramafickych a mafickych hornin, lebo md viac
katiénov, ktorych vzdjomny pomer sa mdze menil v za-
vislosti od fyzikdlnochemickych podmienok ich vzniku
(napr. Irvin, 1965, 1967). Vyclenené typy spinelov sa od-
liSuji aj chemickym zlozenim (tab. 2a, 2b). Spinely 3.
typu maju podobné chemické zlozenie ako spinely 2. typu
a mozno ich pokladal za ich alterovany ekvivalent. O vys-
Som stupni alterdcie sved¢i vysoky obsah trojmocného Fe
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a rast obsahu Fe na ukor Cr, o je typicky znak alterdcie
Cr spinelov. Velmi dobrym znakom alterdcie je aj vysoky
obsah MnO a ZnO. Spinely . typu maji vyssi obsah
AlL,O5, MgO, prip. MnO, resp. znizeny obsah Cr,O;,
Fe. ako spinely 2. typu. Obsah ostatnych prvkov nie je
velmi odlisny. Vyskyt dvoch typov spinelov signalizuji
aj histogramy distribcie zakladnych prvkov v Studova-
nych spineloch (obr. 2a, 2b). Na ich klasifikdciu sme
pouzili Stevensov diagram (1944) a podla klasifikdcie toho
istého autora (I. ¢.) Studované spinely zodpovedaji dvom
zdkladnym skupinam (obr. 3a): Cr spinelom a alumo-
chromitom. Na diagrame tvoria dve relativne samostatné
polia. Okrem toho sa alterované okraje zfn a spinely
3. typu postivaji smerom k vy$Siemu obsahu Fe**. Roz-
diely v zloZeni Cr spinelov pravdepodobne odrdzaji odlisné
zloZenie primdrnych hornin resp. nasledujice meta-
morfnoalteracné procesy (okraje spinelov). Pre vSetky
analyzované spinely je charakteristicky vysoky obsah
Cranizky Ti.

Na zaklade rozli¢nych diskrimina¢nych diagramov sme
sa pokdsili ur¢it genézu Cr spinelov a definovat rozdiely
v ich zloZeni. Na identickom ternarnom diagrame (obr. 3b)
lezia spinely 1. typu v poli spinelov z rezidudlnych peri-
dotitov ofiolitovych komplexov. Spinely 2. a 3. typu
lezia na priese¢niku polf spinelov z rezidudlnych peridoti-
tov a ultrabazitov stratiformnych komplexov. Zavislost
obsahu Mg, Fe?*, Cr a Al v spineloch od ich genézy
resp. primdrnych hornin pouzili rozli¢ni autori na diskri-
minaciu spinelov. Na diskrimina¢nom diagrame (obr. 4a)
leZia spinely 1. typu na hranici polf lherzolitov a harzbur-
gitov, ale spinely 2. typu v poli harzburgitov, a st posu-
nuté v smere vysSieho pomeru Cr(Cr+Al). Spinely 3. typu

Tab. 2a
Vybrané analyzy Cr spinelov
Selected analyses of Cr-spinels

Typ I I [ [ [ [ [ | I

gfs[o 1 2 3 4 5 6 7 8 9

C.vz. 2/2 477 4/8 713 714 9/18 13/24 14/25 16/28
TiO, 0,16 0.11 0,05 0,01 0.02 0.08 0.07 0.09 0.06
AlLO; 3224 37.80 37.82 3393 34,10 27,35 29,50 3534 28,71
Cry0;4 3538 30.70 30,28 3559 34.74 41.08 39.29 34.05 40.81
Fe,O3* 3.04 1.55 235 1.39 1.81 231 243 1.88 2,51
FeO 13.58 13,47 13.16 12,75 12.16 14.12 1335 11.86 12.80
MnO 027 0.26 0,17 0.21 0.19 032 031 0.30 038
MgO 1540 15.87 16.10 15,94 16.21 14.22 15.10 16.74 15.46
ZnO 0.07 0.02 0.09 0.00 0.06 0.09 0.00 0,00 0.01
TOTAL 100.75 99,77 100.03 99.82 99.29 99.57 100.04 100,26 100,74
Vzorec vypocitany na 4 O
Ti 0.00 0,00 0.00 0.00 0,00 0.00 0,00 0,00 0,00
Al 1.10 1,27 1.27 1,16 I.16 0,97 1.03 .19 0,99
Cr 0381 0.69 0,68 081 0.80 0,98 092 0.77 095
Fe' 0.08 0,03 0,05 0,03 0.04 0,05 0,05 0.04 0,06
Fe* 033 032 031 031 0.29 0.35 033 0.28 031
Mn 0.01 0.01 0.00 0.01 0.00 0,01 0,01 0.01 0.01
Mg 0,67 0,67 0,68 0.69 0.70 0.64 0,66 0.71 0.08
Zn 0,00 0,00 0,00 0,00 0.00 0,00 0.00 0,00 0.00

Fe,O3* vypocitané zo Struktirneho vzorca/Fe,O4* is calculated from stoichiometric formula
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Tab. 2b
Vybrané analyzy Cr spinelov
Selected analyses of Cr-spinels

Typ 1 1 1 I 1 1
Cislo I 2 3 4 5 6
Covz. 1120 1121 1729 1731 510 511
TiO. 004 009 010 012 012 019

ALO, 1248 1287 1366 1390 1222 13.66
Cr,0, 57.65 5729 5392 5433 4966  42.86
Fe.0% 247 2.80 3,03 2,67 700 12,02

FeO 14.80 14,50 17.10 17,52 26,20 19.35
MnO 048 0.44 0,36 040 0.59 0,75
MgO 1236 12,61 10,70 10.50 4,61 836
ZnO 0,10 0,17 0.13 0.29 049 0.70

TOTAL 100,48  100.77 99,00 99.73 100,89 97.89

Vzorec vypoéitany na 4 O

Ti 0,00 0.00 0,00 0,00 0,00 0.00
Al 0,47 048 0.53 0.53 0.49 0.54
Cr 1.46 1.44 1.39 1.40 1.33 1,14
Fe'r 0,06 0,07 0.07 0.07 0.18 031
Fe* 0.40 0,39 047 048 0,74 0.35
Mn 0,01 0,01 0.01 0.01 0,02 0.02
Mg 0,59 0,60 0,52 0.51 0.23 0.42
Zn 0,00 0.00 0,00 0.01 0,01 0.02

Fe,O3* vypocitané zo Struktirneho vzorca/Fe,O4* is calculated from
stoichiometric formula.
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Obr. 3. a - Klasifika¢ny diagram spinelov (polia vy&lenené podla Ste-
vensa. 1944). b — Terndrny diagram spinelov (polia vyclenené podla
Jana a Windleyho, 1990).

Fig. 3. a - Classification diagram of spinels (fields are divided accor-
ding to Stevens, 1944). b — Ternary diagram of spinels (fields are divi-
ded according to Jan and Windley. 1990).

st v poli metamorfnych spinelov. V podobnom diagrame
(obr. 4b) lezia spinely 1. typu v poli spinelov z alpino-
typnych peridotitov, spinely 2. typu v poli spinelov
zo stratiformnych komplexov, ale na hranici resp. blizko
hranice pola alpinotypnych ultrabazitov. Spinely 3. typu
st posunuté v smere nizkeho pomeru Mg/(Mg+Fe)
a lezia mimo pola spinelov zo stratiformnych komplexov.
Napriek tomu, Ze v poslednom ¢ase boli publikované Stu-
die (napr. Power et al., 2000) prehodnocujice moznosti
simplifikovanych kritérii, ktoré pouzivaju niektori autori
(napr. Pober a Faupl, 1988) na zistovanie zavislosti zlo-
zenia Cr spinelov a geotektonické interpretdcie, predpo-
kladdme, Ze vyrazné rozdiely v chemickom zlozeni mozno
vyuzit na definovanie odliSnych zdrojov.

Obr. 2. a - Histogram distribticie Cr,O; v Studovanych spineloch.
b — Histogram distribicie Al,O; v Studovanych spineloch.

Fig. 2. a — Histogram of Cr,Oy; distribution in studied spinels. b - Histo-
gram Al,O; distribution in studied spinels.
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Obr. 4. a — Diskrimina¢ny diagram spinelov (polia vy¢&lenené podla
Pobera a Faupla (1988). b — Diskriminaény diagram spinelov (polia
vyclenené podla Irvina, 1967, a Dicka a Bullena. 1984).

Fig. 4. a - Discrimination diagram of spinels (fields are divided ac-
cording to Pober and Faupl (1988). b — Discrimination diagram of
spinels (fields are divided according the Irvin, 1967, and Dick and
Bullen, 1984).

Diskusia a zaver

— Podla optickych vlastnosti a chemického zlozenia
vyclenujeme tri typy spinelov. Spinely I. typu maji pri
predchéddzajicom svetle hnedoervend farbu a vy$3i obsah
AlLO;3, MgO alebo MnO, resp. niz3i obsah Cr,Os, Fe,yy,
ako spinely 2. typu. Spinely 2. typu si v prechddzaju-
com svetle hnedoCierne (lokdlne az neprichladné). 3. typ
tvoria neprichladné, v detaile nehomogénne zrnd (sim-
plektitickd Struktira). 3. typ je velmi zriedkavy.

— Podla geochemickych kritérif a rozli¢nych diskrimi-
nacnych diagramov zodpoveda 1. typ spinelom z alpino-
typnych ultrabazitov, resp. podla klasifikdcie spinelov
z0 severn) ch vdpencovych Alp (Pober a Faupl, 1988)
maji therzolitovi afinitu (derivovali sa asi z penninského
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ocedna), 2. lyp md vyssi obsah Cr,0O5 a podobné zloZenie
ako vysokochromové spinely z peridotitoy ofiolitovych
komplexov. resp. zodpovedd spinelom stratiformnych
komplexov. Na zdklade klasifikacie Pobera a Faupla
(1. c.) spinely zodpovedaji harzburgitovym typom. 3. typ
sa chemickym zlozenim podobd 2. typu. Podla chemického
zloZenia a Struktdry mohlo pdvodne ist o simplektitické
prerastanie spinelov so silikdtovymi minerdlmi, najprav-
depodobnejSie s olivinom. Pri alterdcii olivinu (serpenti-
nizdcii) sa Ciasto¢ne zmenilo aj zlozenie Cr spinelov
(zvySeny obsah Mn a Zn).

— Z porovnania skladby studovanych spinelov so za-
kladnymi typmi zapadokarpatskych spinelov (Hovorka et
al., 1985: Sotak et al., 1991; Spisiak et al., 2000, a i.)
vychodi, Ze pri spineloch 1. skupiny si v chemickom
zlozeni jednotlivych zfn dost velké rozdiely. Skladbou sa
podobaji spinelom z ultrabdzického telesa zo Zbudze ale-
bo z ultrabazickych konglomeratov pri Merniku. Spinely
s vy$§im obsahom Cr (typ 11) maju ekvivalent v spine-
loch z telies ultrabazitov v triase gemerika (DobSina,
Dankovd ap.), z ultrabazitov Hodkoviec a aj v spineloch
bradlového pdsma alebo z flySu vonkajSich Zapadnych
Karpat (magurskd jednotka; Lenaz et al., in print).

— Podla povahy a zloZenia spinelov sa dd predpokladat,
ze sa v Studovanych pieskovcovych telesdch vyskytuji
spinely najmenc] z dvoch odlisnych zdrojov. Otdzkou
zostava, ¢i boli sedimenty nasycované z d\/och zdrojov —
blizkeho. ktory doddval ich hlavnu ¢as( (1. typ a serpenti-
nity). a vzdialenejSicho (2. typ). Ale mozné je aj to, ze
druhy zdroj predstavuje resedimentovany material.
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Akcesorické chromové spinely v tazkej frakcii rieCnych sedimentov
pri Jaseni v Nizkych Tatrach
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Accessory chromian spinels in heavy fraction of stream sediments at Jasenie in Nizke Tatry Mts.

The mineral association of strongly altered ultrabasic rocks near Jasenie consists from accessory mine-
rals of spinel group. Regional heavy-mineral concentration prospecting in the Tatric part of the Nizke
Tatry Mts. revealed, besides a set of other minerals, presence of spinel in recent river sediments. There
was confirmed the relation of spinel-positive heavy mineral concentration from active sediments of
recent hydro-system to main occurrence of spinels associated with metaultrabasic rock complex. Cata-
clastic Cr-spinel is represented by grains and aggregates in size about 0.5 mm and often shows corrosion.

Key words: chromian spinels, metaultrabasic rocks, electron microscopy. Nizke Tatry Mts.

Uvod

Koncentracie chromovych spinelov v Zapadnych Karpa-
toch nemaji priemyselny vyznam. Vo vzorkdch z riec-
nych sedimentov bola pritomnost chrémspinelu zazname-
nana uz v predchadzajicich pracach. Sdcasny vyskum
potvrdil jeho identitu z morfologicke]j a chemickej stranky
a zaroven aj priestorovi védzbu na geologick stavbu pred-
metnej oblasti. Minerdly skupiny spinelu sd napriek ak-
cesorickému vyskytu potencidlnym indikatorom podmie-
nok vzniku materskych hornin. Vyznacuji sa vysokou
variabilitou obsahu dvojmocnych (Fe a Mg) a trojmoc-
nych (Fe, Al a Cr) katidnov, pri¢om su tieto kationy
v tetraédrickych a oktaédrickych pozicidch. Spinely su
zdrovefi citlivym ukazovatelom chemickych a termodyna-
mickych podmienok vzniku materskych hornin, a tak
vdaka svojmu petrologickému vyznamu stdle viac prifa-
huji pozornost mineralégov a petrolégov (Rojkovic
etal., 1978, 1985; Hovorka et al., 1985).

Klasifikdcie minerdlov skupiny spinelu uvddzaju spra-
vidla Sest koncovych ¢lenov. Koncové Cleny sa v prirode
vyskytuja iba zriedka a spinely zvyCajne mozno zaradit
do niektorého z troch izomorfnych radov (Cr, Al a Fe).
Podla obsahu jednotlivych prvkov maji ich mineralne
variety aj odliSné pomenovanie. Napr. spinely s vy$§im
obsahom Fe a Mg sa oznacujui ako pleonast alebo ceylonit,
s vyS$8im obsahom Fe a Al hercynit. Hercynit s vy$$im
obsahom Cr a Al sa naopak nazyva picotit (z veporika
ho opisal Hatdr et al., 1975).

Cr-spinel sa v§eobecne pokladd za charakleristicky a re-
lativne hojny akcesoricky minerdl metaultrabdzickych
hornin. Vdaka niektorym svojim vlastnostiam — najma
farbe, Specifickej hmotnosti a paramagnetizmu — je lahko
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identifikovatelny. Na§im cielom bolo preskimat spinel
zisteny v tazkej frakeii rie¢nych sedimentov tejto lokali-
ty, vysledky porovnat s publikovanymi idajmi a zaroven
preveril moznost aplikécie Slichovej prospekcie na oblast
budovani leptynitovo-amfibolitovym komplexom, lebo
rozli¢né sekvencie tychto hornin st v Nizkych Tatrach
velmi rozsirené (Hovorka a Méres, 1993).

Metéda vyskumu

analyzuju rtg. mikroanalyzatorom, ktory nerozlisuje dvoj-
mocné a trojmocné Fe, a preto sa v dalSom prepocte ana-
Iyzou ziskany obsah celkového Fe rozdeluje podla pred-
pokladanej stechiometrie, ktord mozno potvrdit Moss-
bauerovym spektrom.

Vzorky spinelov (obr. | a 2) sa analyzovali elektrono-
vym mikroskopom JEOL 840A pri urychlovacom napiiti
20 kV, prade 12 nA a analytickych linidch koo pri Cr, Ti,
Mn a Fe na detektore PET, ako aj koo na analyzu Al
a Mg na kryStali detektora TAP. Pri analyzach WDS sa
ako Standard pouzil Cr, Fe, MnO, MgO, Al,O; a TiO,.
Vysledky analyz st v tab. 1, kde sa na porovnanie uva-
dzaja aj niektoré publikované analyzy spinelov z rozlic-
nych hornin Studovanej oblasti (analyza 3 az 6).

Vysledky stadia

Sledovanim vzoriek spinelov z tazkej frakcie rie¢nych
sedimentov pri Jaseni sa z oblasti budovanej horninami
leptynitovo-amfibolitového komplexu elektréonovou mik-
roskopiou s pouzitim detektora sekunddrnych a odraze-
nych elektronov (SEI a BEI) ziskali mikrofotografie
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Cr-spinel Jz;scnie
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Obr. 1. Alotrtomortny horodovany relikt takmer chemicky homogen-
neho alumochromitu

Fig. 1. Anhedral coroded relict of almost chemical homogenous
aluminium-chromute.

6869 135KV X37@ 188¢m WD39

Obr. 3. Vyrazny zhluk ¢iasto¢ne korodovanych a alotriomorfnych
chrémovych spinelov v hornine.

Fig. 3. Marked assemblage of coroded and anhedral chromian spinels
in rock.

autenticky dokumentujice morfologicky a textirny cha-
rakter Studovaného minerdlu pri rozlicnom zvacseni. Za-
roven sa potvrdila morfologickda zhoda katakldzovanych
spinelov vystupujlcich v metaultrabdzicke] hornine
s alotriomorfnou povahou korodovanych reliktov spine-
lov zo sedimentov recentnej hydrosiete.

Analyza spinelov mikrosondou potvrdila obdobny
chemicky charakter vzoriek z taZkej {rakcie, porovnatelny
s doteraz publikovanymi ddajmi (pozri tab. ).

Diskusia

Spinely sa v Nizkych Tatrach vyskytujd v rozlicnych
typoch hornin. Ako klastické zrnd boli opisané z kriedo-
vych sedimentov obalovych sérii (tatrikum), ale aj
z kriznanského prikrovu (fatrikum), okrem inych lokalit

6883 15KV %1,508 18vm WD39

Obr. 2. Kompozicia kataklazovaneho a horodovaného reliktu alumo
chromitu
Fig. 2. Composiuon of cataclased and coroded relict of aluminium
chromite
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Obr. 4. Detailny zaber na mikrostruktiru alotriomorfnych a korodo-
vanych chrémovych spinelov v hornine.

Fig. 4. Magnified view on microtexture of anhedral and coroded
chromian spinels in rock.

aj z Ludrovskej doliny (Misik et al., 1980; Spisiak et al.,
1997, 1998; Hovorka a Spisiak, 1988). Aj ked literattra
uvadza (Jablonsky, 1978), ze detriticky spinel je v tychto
oblastiach hojny uz od strednej kriedy, Slichové vzorky
z aktivnych sedimentov recentnej hydrosiete tohto aredlu
sa doteraz nezhodnotili a zvySend pozornost sa venovala
len Uzemiu budovanému kry$talinikom (Hatar et al.,
1975; Hovorka et al., 1974, 1982; Hvozdara, 1980,
1985; Pulec et al., 1983).

Telesd ultramafitov v oblasti Jasenie—Kysla nemaju
zachované primarne minerdly (okrem chrémspinelov).
Stupeil ich premeny je taky vysoky. Ze st tu iba ich
metasomatické derivaty typu listvenitov (Hovorka et al.,
1985, Spisiak et al., 1988, 1997, 1998), a tak ich okolie
tvoria najmd horniny s fuchsitom. Vyskytuji sa tu aj
asocidcie chloritu, antigoritu, serpentinu, mastenca.
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Tab. |
Chemické zlozenie spinelov
Chemical composition of spinels

I 2 3 4

W
[e)}

CrO, 5417 3361 14632 4551 5302 6071
ALLO, 9.68 997 1905 604 1028 837
Fe.O, 443 495 031 1587 570 568

FeO 27.11 26.47 3031 2836 25.88 2473
MnO 3.25 3.73 3.00 1.32 4.95 2,90
MnO 0.22 0.28 0.05 251 0.52 -
TiO, 0.19 0.15 0.14 0.78 0.69 -
z 99,05 99.16 99.18 10039 101,14 10239

prepocet na 8 O,

Cr 292 2.88 2.46 2,58 2,84 2.99
Al 0,73 0.76 1,50 0.51 0.82 0.69
Fe* 0,34 0.36 0.03 0.86 0.29 032
Fe* 1.65 1.59 1,66 1.70 1,47 1,32
Mg 032 038 0.34 0.14 0.50 0.28
Mn 0,02 0,02 0.00 0,15 0.03 -

Ti 0.01 0.01 0,00 0.04 0.04 -

Vysvetlivky k tabulke analyz: 1-2 — si¢asné analyzy spinelov. 3 — po-
rovnanie s analyzami z Jasenia z prace Spisiaka et al. (1994),
4-5 — Spisiaka et al. (1988) a 6 — Stankovi¢a a Jan¢ulu (1982). Hodnoty
FeO a Fe,Oj sa vypocitali z celkového Fe pri predpokladane] stechio-
metrii R™ R, 0,.

Explanation of analysis number- 1-2 - recent analyses of spinels,
3 — compared analyses of chromites from the Jasenie area (Spisiak
et al., 1994), 4-5 — Spisiak et al. (1988). 6 — Stankovi¢ and Jancula
(1982).

tremolitu, karbonatu, kremena a chromitu. Horniny su
v prechodnej zéne nebulitov a stromatitov a izko asociuju
s amfibolitmi a rulovymi telesami. Styk s okolim zastreli
nalozené hydrotermdlne procesy a tektonika. Polymeta-
morfnu povahu hornin zdéraziujd aj dalSie prace (Krist
etal., 1988) a horninové typy sa porovnavajd s obdobnymi
vyskytmi v Zdpadnych Karpatoch (Ivan, 1982; Méres
et al., 2000, a i.). Chromspinel tvori poc¢etné zrnka hypi-
diomorfného obmedzenia (obr. | a7 4), byva intenzivne
katakldzovany a korodovany a pukliny vyhojuje hlavne
chlorit. Obsah Cr,O5 v spineloch je okolo 53 %, Al,Os
do 22 % a celkového FeO okolo 30 % hmot. Podla
chemického zloZenia mdzu byl spinely aj zondlne
(SpiSiak et al., 1988, 1994),

Z oblasti pdskovanych amfibolickych hornin v dzkej
priestorovej vdzbe s ultrabazitmi boli opisané korundovo-
-flogopitové horniny (Spisiak et al., 1994) predstavujice
metasomatit Specifického zloZzenia. Obsahuji aj chrém-
spinel s vy$§im obsahom Al (obr. 5).

Pri Slichovani zameranom na rozli¢né prospekcné
minerdly (najmd Au a scheelit) sa pri hodnoteni vzoriek
z rieCnych sedimentov Casto konStatoval vyskyt spinelov
(Pulec et al., 1983; Hvozdara, 1980, 1985; Chovan et
al., 1978, 1994, 1998, a i.), a to aj mimo Nizkych Tatier
(Baco et al., 1999; Bohmer a Hvozdara, 1980; Hovorka
a Gregu$, 1974; Chovan, 1971; Hatér et al., 1975, a i.).
Pri vyskume nerastnych surovin v oblasti Jasenia a vy-
stupovania metaultrabdzickych hornin v tejto oblasti
(Stankovic¢ a Jancula, 1982; SpiSiak et al., 1985) tzko
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Obr. 5. Ternarny diagram chrémovych spinelov rozli¢nych typov
metaultramafickych hornin z oblasti Jasenia. | — zo serpentinovo-

-mastencovo-chloritovych hornin (Spisiak et al.. 1994), 2 — korundovo-
flogopitovych hornin (Spisiak et al., 1994), 0 - antofylitovo-tremolitic-
kych hornin (Spisiak et al.. 1988), O — z kremenno-fuchsitovych hornin
(Stankovi¢ a Jancula, 1982), @ - terajsie analyzy spinelov, A — chrém-
magnetit, B — alumomagnetit, C — ferispinel. D — chrémspinel. E —alumo-
chromit, F - ferichromit.

Fig. 5. Ternary plot of chromian spinels from various types metaultra-
mafic rocks from Jasenie. | - from serpentine-talc-chlorite rocks,
2 — corundum-phlogopite rocks, Q - anthophyllite-tremolite rocks.
O - quartz-fuchsite rocks. @ - recent chemical analyses. A — chro-
mian-magnetite. B — aluminium-magnetite. C - ferrispinel. D — chro-
mian-spinel, E — aluminium-chromite, F — ferrichromite.

asociujucich s pdaskovanymi amfibolickymi horninami
(Hovorka et al., 1985, 1993, 1994; Spisiak et al., 1998)
sa v fazkej frakcii rie¢nych sedimentov identifikoval
chromspinel. Tvorf velmi drobné nepravidelné tmavé zrn-
ka (obr. 1 a 2), ktoré majui rovnaké morfologické znaky a
chemické zlozenie ako chromspinel z primarnych vysky-
tov (tab. 1).

Zaver

Pri prospekcii sa v sledovanej oblasti v produktivnom
pasme metaultrabazickych hornin potvrdil spinel ako cit-
livy indikdtor tychto hornin. Spinel obsahuje viac katio-
nov, ktorych vzdjomny pomer sa meni v zavislosti
od podmienok vzniku, pricom pre Cr-spinely je spatost
na ultrabazické horniny evidentnd. Morfologicky charakter
a chemické zlozenie Studovaného spinelu umoznuje pred-
pokladat jeho primarnu vdzbu prave na tento typ hornin.
Zaroven je mozné oCakdval, Ze pri podrobnom $tidiu taz-
kej frakcie rie¢nych sedimentov v niektorych dalsich
oblastiach vyskytu hornin leptynitovo-amfibolického
komplexu, je perspektiva rozsirit aj tam minerdlnu a hor-
ninovl ndpli na zdklade pritomnosti, aj ked akcesoric-
kého mnozstva Cr-spinelu v $lichoch.

Prdca vznikla v rdmci projektu VEGA MS SR 2/7091/20.



508 Mineralia Slovaca. 33 (2001)

Literatura

Baco, P., Krizdni, I. & Baldz. B., 1999: Distriblcia zlata vo vychodo-
slovenskom regiéne z pohladu $lichovej prospekcie. Mineralia
Slov., 31, 3—4, 193-198.

Béhmer, M. & HvoZzdara, P., 1980: Vysledky §lichového vyskumu
z vychodnej ¢asti Malej Magury Acta geol. geogr Univ. Comen.,
Geol., 34, 31-45.

Hatdr, J., Hvozdara, P. & Chovan, M.. 1975: Akcesorické tazké mine-
raly hornin veporidného krystalinika. /n: Problénty geoldgie a meta-
logenézy 1atroveporid. Banskd Bystrica, 116—129.

Hovorka. D. & Gregus, J.. 1974: Tazké mineraly lichov z krydtalinika
Malej Fatry. Mineralia Slov.. 6. 2. 143-150.

Hovorka, D., Chovan, M. & Michdlek. J.. 1982: Olivinicky kersantit
v granodioritoch v Dubrave (Nizke Tatry). Mineralia Slov., 14, 1.
85-90.

Hovorka, D.. Ivan, P., Jaro§, I., Kratochvil. M., Reichwalder. P., Roj-
kovi¢. L., Spisiak, J. & Turanovd, L.. 1985: Ultramafic rocks of the
Western Carpathians, Czechoslovakia. Bratislava. GUDS. 258.

Hovorka. D. & Spisiak. J.. 1988: Vulkanizmus mezozoika Zapadnych
Karpat. Bratislava. Veda, 263.

Hovorka. D. & Méres, S., 1993: Leptinitovo-amfibolitovy komplex Z4-
padnych Karpat: vystupovanie a litologickd nadpIn. Mineralia Slov.,
25,1, 1-10.

Hovorka, D., Méres, S. & Ivan, P.. 1993: Nova koncepcia ¢lenenia pred-
alpinskych komplexov Zapadnych Karpat. /n: Geodynamicky model
a hibinnd stavba Zdapadnych Karpdt. Bratislava, GUDS. 21-27

Hovorka, D., 1994: Meta-ultramafite bodies within the pre-Carbonife-
rous complexes of the Western Carpathian central zone geodynamic
setting. Geol. Carpath., 45, 145-149.

Hvozdara, P.. 1980: Prospek&né minerdly tatroveporidného krystalini-
ka. Acra geol. geogr. Univ. Comen., Geol., 35, 5-43.

Hvozdara, P.. 1985: Vysledky $lichovej prospekcie vo veporidnom
krystaliniku. /n: Akcesorické minerdly. Bratislava, GUDS. 125-131.

Chovan, M.. 1971 Tazké minerdly z oblasti masivu Hron¢ok (veporidy).
Geol. Prdce. Spr.. 56, 143-161

Chovan, M. & Hatar, J.. 1978: Akcesorické minerdly niektorych typov
hornin kryStalinika veporid. Mineralia Slov.. 10. 4, 349-359.

Chovan, M.. Slavkay. M. & Michalek. J., 1998: Metalogenéza dum-
bierskej Casti Nizkych Tatier. Mineralia Slov., 30, 1, 3-8.

Jablonsky, I.. 1978: Prispevok k poznaniu albu zliechovskej série
Strazovskych vrchov. In: Paleogeograficky vyvoj Zapadnych Karpdt.
Bratislava, GUDS, 175-187.

Misik, M., Jablonsky. J., Feldi, P. & Sykora, M., 1980: Chromian and
ferrian spinels from Cretaceous sediments of the West Carpathians.
Mineralia Slov.. 12, 209-228.

Pulec, M., Klinec, A. & Bezdk. V.. 1983: Geoldgia a prospekcia
scheelitovo-zlatonosného zrudnenia v oblasti Kyslej pri Jaseni. /n.
Scheelitovo-zlatonosné zrudnenie v Nizkych Tatrdch. Bratislava.
GUDS, 11-38.

Rojkovié, 1.. Hovorka. D. & Kristin, J., 1978: Spinel group minerals in
the West Carpathian ultrabasic rocks. Geol. Sbor. Slov. Akad. Vied,
29, 253-274.

Rojkovi¢, 1., 1985: Rudnd mineralizdcia ultramafickych telies Zdpad-
nych Karpat. Bratislava, Veda, 112.

Spisiak. J.. Pitondk, P & Petro, M., 1988: Metaultramafity z oblasti
Jasenie-Kysld. Nizke Tatry. Mineralia Slov., 20, 2, 143-148.

Spigiak. J.. Pitoridk, P. & Cario. F.. 1994: Alianit a Al-chromit z korun-
dovo-flogopitovych hornin z oblasti Jasenia-Kyslej (Nizke Tatry).
Mineralia Slov., 26, 1, 67-69.

Spisiak, J. & Hovorka, D.. 1997 Petrology of the Western Carpathians
Cretaceous primitive alcaline volcanis. Geol. Carpath.. 48, 2,
113121

Spisiak, J.. Hovorka, D. & Pitofidk. P., 1998: Bdzikd a ultrabazikd
v dumbierskej zéne Nizkych Tatier - petrologické a metalogenetic-
ké aspekty. Mineralia Slov., 30, 1. 15-22.

Stankovic. J. & Jan¢ula. D., 1982: Predbeznd sprdva o vyskyte chréom-
spinelu a Ni minerdlov na lokalite Jasenie-Kysld, Nizke Tatry
Mineralia Slov., 14, 131-138.



Mineralia Slovaca, 33 (2001). 509-511
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Use of detrital garnet chemistry for determination of provenance
and lithostratigraphy of the Drahany Upland Culm

The Drahany Upland belongs to the Rhenohercynian belt of the Central European Variscides. In this
study heavy-mineral assemblage from graywackes, particularly garnets were studied to assess the pro-
venance and correlate flysch formations.

The value of heavy-mineral analysis in the study of provenance is restricted by diagenetic processes.
which cause dissolution of minerals. The heavy-mineral assemblages of Drahany Upland are not
remarkably altered and the stage of alteration decreases from north to south. Within the garnet group,
preferential dissolution of more calcium rich garnets was not observed. In addition, the chemistry of
garnets was studied. The statistical evaluation and comparison of detrital garnets of graywackes with
garnets from supposed source units was performed. The garnet populations from Drahany Culm fall
into three different assemblages — older polymict (Pey— Goo), younger transient (Goct) and the youngest
oligomict (GoP — Goy). The changes in detrital garnet assemblage reflect the provenance evolution.
The sediments of Protivanov- and Rozstdni Formation and sediments with polymict garnet assemblage in
the Myslejovice Formation were supposedly fed mainly by the material from the Policka-. Letovice-,
Orlice-Kladsko- and Svinov-Vranov Crystalline Units, from Svratka Dome and Silesicum. Polymict gar-
net assemblage of the Myslejovice Formation. in addition to the above source units, was supplied with
material from the Moldanubicum and the Thaya Dome. The sediments with transient garnet assemblages
were not supplied by the Orlice-Kladsko-, Svinov-Vranov Crystalline Units and Silesicum any more. The
share of Moldanubian material increases, especially that of pyrope-almandine from granulites. Oligomict
assemblages are characterized by absolute dominance of pyrope-almandine.

Key words: detrital garnet chemistry. garnet corrosion, sediment provenance, source rocks. lithostrati-

graphy, Culm basin, Drahany Upland
Uvod

Drahanska vrchovina leZi na vychodnim okraji Ceského
masivu a spolu s Nizkym Jesenikem je fazena k vychodni
veétvi evropskych variscid. Prevdzna ¢dst Drahanské
vrchoviny je budovana kulmskymi sedimenty — spodno-
karbonskymi drobami, bridlicemi a slepenci.

Problematikou jejich provenience se zabyvala fada
autorti od pocatku 20. stoleti po dnelek, m. j. Suess, Za-
pletal, Kettner, Stelcl, Mastera, Otava, Tomaskova a Pii-
chystal. Vé&tSina praci byla zalozena na srovnani petrogra-
fického charakteru valound slepencli s moZnymi zdrojo-
vymi horninami. Na zdkladé petrografie slepencovych
valountl kulmu byvajf jako mozné zdrojové oblasti uvadény
zejména moldanubikum, moravikum a brunovistulikum.
Podrobny a komplexni pohled na provenienci pineslo az
doplnénf o studium klastického materidlu drob, vetné
t€zkych minerdld, a to nejprve asociaci €zkych minerall
(TM) a pozdgji i nékterych vlastnosti proveniencné speci-
fickych TM. Jako nejvhodngsi se pro tyto ucely ukazaly
byt detritické granaty (Otava et al., 2000), které jsou rela-
tivné nejhojnéjsim prisvitnym TM ve vE$iné drob a sle-
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penct Drahanské vrchoviny (obr. 1). Nase posledni vyzku-
my ukdzaly, Ze sloZeni detritickych grandtt lze u kulmské
sedimentarni sekvence vyuzit i chemostratigrafickému
¢lenéni, korelovatelnému s bézné pouzivanou goniatitovou
zonaci (posledni platné ¢lenéni — Dvorak, 1965); jejiZ vy-
uzitelnost omezuje relativné sporadicky vyskyt potfebnych
vld¢ich fosilii.

Metodika praci

Ve koncentratech TM ze 37 vzorkl kulmskych sedi-
mentl, rozmisténych viceméné rovnomérné po celé plose
Drahanské vrchoviny (obr. 2) bylo analyzovdno chemické
slozeni detritickych granatli pomoci elektronového fadko-
vaciho mikroskopu CamScan 4DV s pfipojenym EDS
analyzdtorem LINK ANI10000. Ve v&tSiné koncentratl
TM bylo analyzovdno po 100 zrnech grandti na obsah
vSech hlavnich prvki (véetné Ti a Cr) a analyzy byly roz-
pocteny na zastoupeni Sesti hlavnich koncovych ¢lenl
(almandin, spessartin, grossular, pyrop, andradit a Ti-gros-
sular). Ziskané udaje byly zpracovdny multivaria¢nimi
statistickymi metodami. Pomoci klastrové analyzy byly
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Obr. 1. Slozeni asociaci prisvitnych tézkych minerdll v jednotlivych
souvrstvich kulmu Drahanské vrchoviny (I — grandtickd zona spodnrho
protvanovského souvrstvi. 22 - bouzovsky kulm. 3 - protivanoyské
souvrstvi. 4 - rozstanské souvrstvi. 5 — myslejovické souvrstvi)

Fig. 1. Composition of the heavy mineral assemblages in individual
Culm horizons of the Drahany Upland (| - garnet zone of the Lower
Protivanov Fm. 2 - Bouzov Culm. 3 — Protivanov Fm . 4 — Rozstait
Fm.. 5 — Myslejovice Fm.).

v rdmci populacl detritickych granatu rozliseny ruzné
lypy grandlu a tyto typy byly diskrimina¢ni analyzou
pfifazovany ke grandtum riznych zdrojovych hornin.

Jelikoz Francii et al. (1999) ze stupné krystalinity illitu,
odraznosli vitrinitu a expandability illit-smektitu odvo-
dili. ze teploty sedimenta dosahovaly v disledku jejich
hlubokého pohfbeni v jv. ¢4sti Drahanské vrchoviny
130-170 °C (pozdné diagenetické stadium), v centrédln{
¢asti 170200 °C (pozdné diagenetické stadium) a v sz.
¢dsti 240-300 °C (metamorfdza velmi nizkého stupné),
bylo nutno posoudit, zda zmény v zastoupeni a druhové
skladb& grantd nebyly zapficinény diagenetickym rozpou-
$ténfm, k némuZ podle Mortona et al. (1999) dochdzi jiz
pfi teplotach nad 80 °C. Bylo rovnéz potieba detailnéji
zhodnotit rozpousténi grandtl s ohledem na jejich rlizny
chemismus a ovéfit tak mimo jiné, zda asociace bez
grandtl s vy§simi obsahy grosuldrové slozky nebyly
ovlivnény vEtsi rozpustnosti grosuldru, o niZ se zmiruji
napt. Morton et al. (1999).

Vysledky studia detritickych granati
Vliv diagenetického rozpousteni

Zkoumdni morfologie detritickych grandtd a jinych TM
potvrdilo nartst diagenetického postizeni sediment( ve
sméru JJZ-SSV. Grandty vSak vykazuji mnohem niZsi
stupen koroze, nez by se dalo predpoklddat na zakladg
vySe uvedenych maximdlnich teplot v kulmské sedimen-
taCn{ panvi. Stupen diagenetického rozpousténi granétd je
slaby az stfedni, bez vymizeni nékterych variet v diisledku
koroze. Na grandtech vybranych lokalit byly pozorovany
tyto leptové stopy: nerovny povrch, leptové dilky, face-
tovani ploch a bradavi¢naty povrch. RovnéZz nebylo
prokdzano prednostniho rozpousténi vapnikem bohatych
variet grandtll, nebot oligomiktni asociace grandti bez
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Obr. 2. Schematizovand mapa kulmu Drahanské vrchoviny se zna-
zornénim analyzovanych lokalit v souladu s litostratigraficlf,\’/mi pasmy
vydélenymi na zdklad& chemismu detritickych grandtil. Ctverecky —
- polymiktn{ asociace detritickych grandti, kole¢ka — prechodné
asociace, trojthelni¢ky — oligomiktni asociace.

Fig. 2. Schematic map of the Culm of Drahany Upland with localiza-
tion of analysed localities in accordance with lithostratigraphic hori-
zons outlined on the base of detrital garnet chemistry. Squares — poly-
mict garnet assemblages, circles ~ transient assemblages, triangles —
—oligomict assemblages.

vyraznéjSich obsahi grosuldrové komponenty jsou
postizeny korozi pouze nepatrné. Asociace detritickych
grandtd nebyly podstatné modifikovény v dlsledku diage-
netického rozpousténi a lze je povazovat za plivodni a od-
povidajici charakteru zdrojovych hornin. Pfechod mezi
polymiktnimi a oligomiktnimi asociacemi odrdzi tedy
zménu provenience.

Chemismus detritickych grandtii
Byly vydéleny tfi zékladni typy asociaci detritickych

granatli: polymiktni (odpovidajici goniatitovm zéndm
Pey — Goa), mladsi prechodné (Goot) a nejmladsi oligo-
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miktni (Go} — Goy). V ramci polymiktnich asociaci je
patrny rovnéz urdity vyvojovy trend. Polymiktni asociace
granat bazdlni ¢asti protivanovského souvrstvi, jimz od-
povidaji i asociace grandtd z izolovanych vyskytt kulmu
na styku brnénského masivu a boskovické brazdy, jsou
v porovnani s mlad$imi sedimenty méné pestré. Lze fici,
Ze v ramci polymiktnich asociaci grandti vzrastd pestrost
zdrojového materidlu od podlozi smérem do nadloZi,
k myslejovickému souvrstvi (obr. 3).

GRS PRP

Obr. 3. Srovnani polymiktnich (a) a oligomiktnich (b) asociaci detri-
tickych grandtd ze ¢yt lokalit Drahanské vrchoviny Prazdné sym-
boly — obsah almandinové komponenty pod 65 %. plné symboly — obsah
almandinové komponenty nad 65 %.

Fig. 3. Comparison of garnets of polymict (a) and oligomict
(b) assemblages from four localities in Drahany Upland. Empty sym-
bols —almandine below 65 %: full symbols — almandine over 65 %.

Na zdklad¢ vysledku diskrimina¢ni analyzy lze posoudit
provenienci sedimentl a zmény, k nimZ v prubéhu ukld-
dani sedimentl kulmské sedimentacni panve dochdzelo.

Pro sedimenty protivanovského souvrstvi lze predpo-
kladat hlavni pifsun materidlu z oblasti poli¢ského krys-
talinika (s pfevahou dvojslidnych pararul a svori, granat-
sillimanitickych pararul), letovického krystalinika (domi-
nuji razné typy svort), svratecké klenby (zejména fylity),
orlicko-kladského krystalinika (dvojslidnych i jinych typl
rul), silesika (ruly a migmatity) a svinovsko-vranovského
krystalinika (amfibolity). Grandrickd zdna protivanov-
ského souvrstvi se odliSuje zejména mensi pestrosti hor-
ninového materidlu letovického krystalinika a nepfitom-
nosti almandin-grosularti z vdpenato-silikdtovych hornin
blize neuréené provenience.

V ramci rozstdriského souvrstvi dominuje zdrojovy
material obdobné provenience jako v souvrstvi protivanov-
ském. Uplatiuje se zde materidl poli¢ského, letovického
(vyraznéji jsou vedle svort zastoupeny i amfibolity), orlicko-
-kladského, svinovsko-vranovského krystalinika, silesika
a svratecké klenby. Z hornin svratecké klenby se objevuji
vedle fylith i svory olesnické skupiny. V mensi mite se jiz
pravdépodobné projevuje pfisun materidlu z oblasti molda-
nubika (zejména pararul, piipadné i gfchlskych rul).

Pro zonu polymikinich asociaci detritickych grandtii
myslejovického souvrstvi je typickd nejvyssi pestrost
zdrojového materidlu. Kulmsky bazén je nadéle vyrazné
dotovdn materidlem z oblasti poli¢ského, letovického,
svinovsko-vranovského, orlicko-kladského krystalinika,
silesika a svratecké klenby obdobného charakteru jako

v souvrstyvi rozstanském. Zvysuje se vsak podil moldanu-
bickych hornin a nové se objevuje pfinos materidlu z ob-
lasti dyjské klenby, zejména metapelitli lukovské a Safov-
ské jednotky, v mensi mife vranovské jednotky.

V prechodné asociaci detritickych grandtit myslejovic-
kého souvrstvi vyrazné ubyvd hornin orlicko-kladského
a svinovsko-vranovského krystalinika a silesika. Z pritom-
nosti valount star§ich kulmskych sedimentl v materidlu
rac¢ickych i lule¢skych slepencl lze usuzovat, ze malé
mnozstvi grandtl typickych pro tyto krystalické jednotky
se do sediment( kulmu dostdvd spiSe v disledku eroze
starsich kulmskych sedimentt, nez piimé dotace t€mito
geologickymi jednotkami. Kulmsky bazén je dotovan na-
dale z oblasti letovického krystalinika (svory, amfiboli-
ty), poli¢ského krystalinika (pararuly, svory, amfibolity),
svratecké klenby (vedle fylitli a svord se vyrazn€ji uplat-
nuji pararuly ole$nické skupiny), dyjské klenby, v mensi
mife i svraleckého krystalinika. Vyrazné se jako zdrojovy
material uplatiiuji rizné typy moldanubickych hornin,
pararul, gféhlskych rul a zejména se projevuje ndriist pyrop-
almandin@ granulitové provenience. Zména polymikinich
asociaci na prechodné odpovidd priblizné hranici mezi
raCickymi a lule¢skymi slepenci, tak jak ji vyznacil Stelcl
(1962) a predstavuje vyznamnou zménu provenience.

Oligomiktni asociace detritickych grandti jsou typic-
ké vyraznou prevahou pyrop-almandini z moldanubic-
kych granuliti. Ddle se v nich uplatiuji i jiné moldanu-
bické horniny, rizné typy pararul a gfohlské ortoruly. Na
zakladé konfrontace grandtové chemistratigrafic a goniati-
tové stratigrafie lze Fici, Ze k zdsadn{ zméné provenience
doslo v rdmci goniatitové zény Goo (zména polymikt-
nich asociaci detritickych grandtu na prechodné). Oligo-
mikini asociace detritickych grandti odpovidaji z6ndm
Gop a Goy.

Zavér

Studium chemismu grandtd Drahanské vrchoviny ukd-
zalo, Ze teprve dostate¢né velké soubory mikrosondovych
analyz (= 100 zrn na vzorek) a jejich zpracovani multiva-
ria¢nimi statistickymi metodami miize vyznamnou mérou
piispét k detailnimu pozndni provenience klastickych
sediment(. V hornindch chudych na fosilie mize byt gra-
natovd chemistratigrafie vyuzita k vymezeni hranic jed-
notlivych stratigrafickych drovni.
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a neogénu niektorych oblasti Zapadnych Karpat
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(Dorucené 26. 9. 2001)

Abstrakt

Distribucia udlachtilych minerdlov a ich potencidlna prie-
myselnd akumuldcia sa napriek rozsiahlemu vyuZivaniu klas-
togénnych sedimentov doteraz systematicky nesledovala.

Zdrojov prevaznej Casti nespevnenych sedimentov su zd-
padokarpatské horninové a loZiskové komplexy. V sedimen-
tdrnom prostredi povodia Dunaja a Moravy je zastdpeny ma-
teridl z Alp a Ceského masivu. V ndplavoch Dunaja reprezen-
tuje uslachtilé minerdly najmi grandt, zirkdn, minerdly Ti
a na niektorych tsekoch ,,kosové™ Au.

Podstatnd ¢ast uslachtilych minerdlov v nespevnenych kla-
stogénnych sedimentoch Zapadnych Karpdt pochddza z krys-
talickych komplexov, neovulkanitov alebo z klastogénnych
sedimentov mladSieho paleozoika, mezozoika a terciéru,

Medzi uglachtilé minerdly akumuldcii v klastogénnych
minerdloch jednoznacne patri Au, ktoré sa uz v minulosti ex-
ploatovalo alebo boli aspori pokusy o jeho exploatdciu.

V ndplavoch Dunaja Au v jemnom podiele vystupuje hlav-
ne s grandtom, no na niektorych miestach sa akumuluje aj il-
menit, magnetit, miestami s vyraznejsie aj akumuldcie zir-
kénu, a ojedinele monazit.

Pozoruhodny vyskyt Au, minerdlov vzdcnych zemin, zir-
kén, grandty, minerdly Ti a 1. sa zistili v nespevnenych kla-
stogénnych sedimentoch na rozhranf kry$talinika a sedimen-
tov pri prospekcii (Hvozdara et al., 1983) v povodi Ipla, Ri-
mavy a v poltdrskom stvrstvi. Identifikovala sa distribtcia
a v niektorych pripadoch aj akumuldcia Au, monazitu, rutilu,
magnetitu a zirkénu.

Na vychodnych svahoch PovaZského Inoveca — na jeho
rozhrani so sedimentmi Bdnovske) kotliny — sa vyskytuju
zlatonosné rozsypy. Viazu sa (Poldk, 1969) na vrchnu ¢ast

intramontdnne) depresie Bdnovskej kotliny v stratigraficky
presnejie neurcenom stvrstvi pliocénu. Au sa tam vyskytuje
spolu s inymi uslachtilymi minerdlmi.

Podobnd situdcia ako pri vychodnych svahoch Povaz-
ského Inovca je aj pri vychodnych svahoch Malej Magury,
a to na jej rozhrani so sedimentmi Hornonitrianskej kotliny.

Pozoruhodny vyskyt zafiru, korundu modrej farby, v aso-
cidcii daldich minerdlov sa zistil v Cerovej vrchovine.

KedZe stc¢asnd cena Au si na rentabilné ziskavanie vyzaduje
podstatne vy$siu koncentrdciu, na zlepSenie ekonomicke) bi-
lancie bude treba vyuzivat aj iné akumulované minerdly.
Z u§lachtilych je ekonomicky hodnotny grandt, zirkén, rutil.
ilmenit, monazit, xenotim, korund (zafir) a i. Tieto minerdly sa
zvy&ajne vyskytujui v sedimentoch v istych asocidcidch, ¢o pri
vdcsom zastipen( tazkej frakcie moZze mat prakticky vyznam.

Minerdly — najmi ak sa spolu v istom mnozstve vyskytuje
viac druhov — mozno prakticky vyuZivat na netradi¢né tcely,
a to hlavne v oblastiach nevyZzadujicich velkd spotrebu. ale
s vysokou cenou upraveného produktu.

Systémovy vyskum oprety o doteraj§ie poznatky moze
v istych oblastiach priniest pozitivne vysledky v nazeranf{
na moznosti praktickej exploatacie niektorych minerdlov.
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Zhodnoceni pouzitelnosti jednotlivych metod pripravy vzorki
pro studium TM ve sprasich
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Rate of using individual methods of sample preparation for heavy minerals studies in loess

Author tried to find differences between quantitative contents of heavy minerals from one sample
of loess. Resultant aim is to choose the optimal method of loess sampling and separation.

Key words: loess, heavy minerals, Quaternary

Cilem je vybrat nejvhodnéjsi metodiku pifpravy vzorkd
pro studium t€zké mineralni frakce (TM) sprasi. Rozdily
v procentuelnim zastoupeni TM jsou v tomlo pifpadé
z nejvetsi ¢asti zptsobené jednak pii odbéru vzorku
a za druhé metodou piipravy vzorku.

V prvni fadé je treba zjistit jak velké jsou rozdily
v kvantitativnim zastoupeni TM v rdmci jedné vrstvy jed-
noho profilu. Pro toto studium byl vybran rozsahly
sprasovy profil na lokalit¢ Modfice (Musil, 1998). Jde
o zhruba 120 m dlouhou Z-V sténu cihelny. Lokalita je
tvofena rozsahlou elevaci s osou S—J sméru. Z geomorfo-
logie oblasti vyplyvd, ze sedimenty byly navéty od zapa-
du, takze t€Zbou vznikl pri¢ny prifez. Na tomto prifezu
Ize demonstrovat to jak se v rdmci jedné vrstvy (W3 —
posledni glacial-mocnost 180 ¢cm) ve sméru proudéni
veétri meéni % zastoupeni TM a to v horizontdlnim i ver-
tikdlnim sméru. Byly odebrdny vzorky ze zdpadni, stredni
a vychodnf ¢dsti profilu, pficemz ve stiedni ¢asti byl pro-
fil ovzorkovan i ve vertikdlnim sméru a to vzdy po deseti
centimetrech zhruba uprostied vrstvy. Vysitovana frakce
byla separovédna pouze v t€zké kapaliné a procentuelnf ob-
sahy TM byly navzdjem porovnavany. Vysledkem bylo
zjiSténi, ze vahova procenta TM se vertikdlné vyrazné
1i81. V zéapadn{ ¢asti profilu tvofil vdhovy podil TM
0,56 % vysitované frakce, uprosted profilu to byla zhruba
polovina a sice vertikalné od shora dolt 0,27, 0,32 a 0,32 %.
Ve vychodni ¢asti profilu tvofil obsah TM opét 0,47
vahovych % z vysitované frakce. Minerdlni zastoupen{
tvorf predev$im amfibol, grandt a epidot. Ostatni minera-
ly tvoif vzdy okolo deseti % tézkého podilu a sledovat
rozdily v jejich % zastoupeni by vyzadovalo pozorovat

[

mnohem vé&t& mnoZstvi zrn. Rozdily zjisténé semikvan-
titativnimi analyzami byly vzdy v rozmezi + 10 %. PTi
interpretacich je tedy tieba se predevsim soustiedit na pii-
tomnost nebo absenci minerdll, ptiblizné % obsahy
a hlavné na edaxem zji§téné kvalitativni slozeni minerdlu.

Druha ¢ast se zabyvé tim, jak rozdilné zpusoby piipra-
vy vzorkli mohou ovlivnit kone¢ny vysledek. Byly po-
uzity reprezentativni vzorky ze Ctyr lokalit. Pro pripravu
byly pouzity dvé metody. V prvnim pripadé je to klasickd
separa¢ni metoda v tézké kapaliné (tribrommethan s hus-
totou 2,89). Druhd mnohem jednodussi, ale obecné méné
vhodnd je §lichovaci metoda. Pro tyto tcely byla pouzita
mald panev o priméru 30 cm a hloubce 3 ¢cm. V obou
piipadech byla pouzita pouze jedna zrnitostni frakce
(0,063-0,250 mm). I kdyz rozdily vzniklé zplisobem p¥i-
pravy vzorku nejsou ve&i nez rozdily zpisobené mistem
odbéru v ramci jedné vrstvy sprasového profilu, nelze tu-
to metodu povazovat za vhodngjsi. Metoda je sice Casové
méné ndrolnd, ale vysledny vzorek obsahuje stale velké
mnozstvi lehkého podilu, takze se neimérné prodluzuje
a zt€zuje mikroskopické pozorovdni. Proto je vhodngjsi
pouZzit Slichovaci metodu predev§im pfi tzv. zahusténi
vzorkd a nasledné separaci v tézké kapaliné. Tento postup
lze Uspésné pouZit pii separacich vzorku pro studium
typomorfologie zirkon(.
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Aluvidlne Au pri transporte v rie¢nom prostredi podlie-
ha fyzikdlnym, chemickym a biologickym faktorom. Pat-
ri medzi ne charakter primarnych zlatiniek, energia vod-
ného toku, morfolégia dna, dizka zotrvania v rie¢nom
prostredi, dizka transportu a chemizmus rie¢nej vody. In-
tenzita tychto vlastnosti a procesov sa lokdlne meni v z4-
vislosti od klimy, intenzity zvetrdvania, vegetacného po-
kryvu a vplyvov ¢loveka a vysledkom ich pdsobenia je
zmena povodnych vlastnosti aluvidlneho Au. Tieto vply-
vy sa najvyraznejSie prejavujli zmenou tvaru a povrchu
zlatiniek, ale aj zmenou chemického zlozenia pod vply-
vom rozpustania a precipitdcie minerdlov. NajcastejSie
opisovanym prejavom chemickych zmien na zlatinkdch
zrieCneho altvia je tzv. vysokorydzi lem (gold-rich rim).

Ked'sa Au (elektrum) dostane do nestabilnych podmie-
nok (do riecnej vody), zacina sa rozpustat. KedZze iény
Au* a Au** st v takomto prostredf nestabilné, transport
Au sa viaZe na rozlicné komplexné iony (Webster, 1986;
Vlassopoulos a Wood, 1990), ktoré mozno vo vieobec-
nosti rozdelit na anorganické a organické. Medzi poten-
cidlne anorganické komplexanty Au patria halogenidy (F,
CI, I a Br), komplexy so S (HS  a S,05%) a hydroxo-
komplexy. Prirodnd voda spravidla obsahuje vsetky spo-
menuté komplexanty v rozli¢nej koncentracii. Podla vy-
sledkov Vlassopoulosa a Wooda (1990) mozno konstato-
vat, Ze v systéme Au — S — Cl — H,0O (JAu] = 107"}
2 ng/l) je dominantnym komplexom zlata Au(OH)(H,0)°
v pH — pri rozsahu typickom pre prirodnd vodu a pri niz-
kej koncentrécii Cl-a £S (|CI'] = 10925 [EZS] = 107),
charakteristickej pre prirodnti vodu. V podmienkach typic-
kych pre zvetrdvajice sulfidické loziskd je najvyznamnej-
$im komplexantom Au(S,0;),*, AuHS® alebo Au(HS),.
Z ostatnych moznych komplexantov Au je vyznamny
CN, ktory tvorf s Au najstabilnejsie komplexy (Groen et
al., 1990). Z organickych komplexov st najdoleZitejsie
huminové (HA) a fulvinové kyseliny (FA; Wood, 1996).

Au precipituje redukciou Au' a Au™ na metalické Au
(Au%), ked sa roztok dostane do podmienok s niz§im Eh
alebo do prostredia s dostatkom substancii schopnych
redukovat Au' a Aul' (FA, HA, Fe?* atd; Macheski et
al., 1991, Wood, 1996).
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Groen et al. (1990) uvéadzaji nasledujice modely tvorby
vysokorydzeho zlatého lemu:

1. Preferen¢né rozpustanie Ag. Jeho podstatou je
odli¥na rozpustnost Au a Ag. Model je chemicky zdovod-
nitelny, ale nevysvetluje, ako sa atomy Ag nachadzajice
sa hlbsie ako niekolko angstromov dostant do kontaktu
s roztokom, ani ako prebieha difuzia roztoku a i6nov
cez labyrint vakancif v zliatine.

2. Precipitacia Au (cementdcia). Au z roztoku precipi-
tuje na okrajoch aluvidlneho Au a tvori vysokorydzi zlaty
lem.

3. Samoelektrorafinacia (self-electrorefining). lde
o hydrometalurgicky proces, pri ktorom sa intermetalickd
zliatina elektrochemicky rozpdsta a potom nastdva preci-
pitacia Cistej (rydzejsej) fazy. Podstatou tohto procesu je
elektromotoricka sila (EMF) medzi dvoma rozdielnymi
kovmi v roztoku, ktorého Eh je vysSie ako Eh, v ktorom
je zliatina stabilna.

Ako typové lokality pre Stidium zmien chemického
zloZenia zlata pocas transportu v aluvidlnych sedimentoch
sme zvolili lokality Pukanec (stredoslovenské neovulka-
nity) a v tatriku Nizni Bocu a Magurku (Nizke Tatry).
Na tychto lokalitach je dostatocne prestudovand primdrna
mineralizécia, P-T-x podmienky jej vzniku a mineralogic-
kd charakteristika zlata. DZka transportu a podmienky se-

£ N

dimentdcie umoziuju detailné Stidium aluvidlneho zlata.
Pukanec

Pukanecky rudny obvod je v jv. Casti Stiavnického strato-
vulkdnu. Vyvinuli sa v iom dve mineraliza¢né elapy.
StarSia — Cu porfyrova a naloZzend polymetalickd Zilnikova
mineraliza¢nd etapa (vysokosulfidacny typ) predchddzala
mladSej — Au-Ag Zilne] mineraliza¢nej etape (nizkosulfidac-
ny typ). Primarnu Au-Ag mineralizéciu reprezentuje elck-
trum, ktoré tvorf pliesky a drotiky v drizovych kremennych
dutinkdch. Na lozisku je v prevahe supergénne Au a vysky-
luje sa v pripovrchovych trovniach v zénach tektonickych
brekcif obohatenych o Au (Bahna a Chovan, 2001).

Aluvidlne Au (Bahna a Chovan, 1999) mad velmi pes-
tri morfoldgiu. Prevladaji krickovité a drotikovité agre-
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gdty a casté su aj agregaty oktaédrickych krystdlov. Ob-
sah Ag v aluvidlnych zlatinkdch sa pohybuje od 32 do 50
hm. %. Obsah ani jedného z ostatnych analyzovanych
prvkov neprekracuje | hm. %. Priemernd rydzost Au je
630. Pri transporte v supergénnych podmienkach, ked je
Ag odnasané v podobe komplexnych zlicenin z povrchu
zlatiniek, sa na okraji akumuldciou Au vytvdra ostro
ohrani¢eny vysokorydzi lem Siroky 10 az 20 pum. Pri na-
ruSeni Au lemu, ktory tvori ochrannt bariéru, pokracuje
korézia aj do vndtra zlatiniek, a tak si pdvodnu skladbu
zachovéva iba neporusené jadro.

NiZzna Boca

Niznobocianske lozisko je na severnych svahoch Niz-
kych Tatier asi 5 km na SSV od sedla Certovice. Aluvial-
ne Au potoka Boca ma povod v primdrnej hydrotermadlne;j
Sb-Au mineralizacii vyskytujlcej sa v okoli obce Nizna
Boca a Vys$na Boca (Smirnov, 2000).

Aluvidlne Au sa vyznacuje pestrou morfolégiou s do-
minanciou plieSkov a obliacikov rozli¢nej hribky a opra-
covanosti. Povrch zlatiniek je va¢sinou porézny (pory su
velké 1-5 um) a Casto st na fiom pozorovatelné ryhy
a stopy vtldcania. Au je najcastejSie prerastené kremenom
a vynimocCne pyritom. Obsah Au variruje od 65 do 92
hmot. %. Obsah ani jedného z analyzovanych prvkov ne-
prekracuje | %. Na niektorych zlatinkach sa zistili dosled-
Ky nestability Au-Ag zliatiny v riecnom prostredi — vyso-
korydzi lem. Jeho hribka sa pohybuje od niekolkych do
20 um a obsah Ag neprekrauje 3 hm. %. Vniitro zlati-
niek je spravidla neporusené a ma niz8iu rydzost ako lem.
Ako dosledok transportu a mechanickej abrazie sa lem
okolo celej zlatinky vyvinul iba zriedka. Vyskyt vysoko-
rydzeho lemu generélne rastie s dizkou transportu.

Sporadicky sa nachddzali zlatinky s jadrom obsahujad-
cim 2-6 hm. % Ag a s vyraznym $pongiovitym lemom
obohatenym o Au a Hg, ¢o je pravdepodobne vysledok
amalgamdcie, ktord sa v minulosti pouzivala pri (azbe
aluvidlneho Au v tejto oblasti.

Magurka

LoZisko Au-Sb rud lezi na severnych svahoch Nizkych
Tatier. V primdrnej rude sa v hydrotermalnych kremen-
nych zilach zistilo Au 1. generdcie — vysoko rydze (950)
Au v asocidcii s arzenopyritom a pyritom, a 2. gene-
racie — Au niz8ej rydzosti (880) v asociacii s Sb, Pba Cu
sulfidmi.

Aluvidlne Au sa skimalo (Bakos a Chovan, 1999)
v naplavoch Lup¢ianky vo vzdialenosti 0 az 13 km od
primarneho zdroja. Aluvidlne Au je velmi malé, blizko
zdroja v 92 % pod 2,2 mm. Pri transporte velkost zlati-

niek postupne klesd. Plieskovité Au velmi malych roz-
merov je charakteristické pre sedimenty v celom sledova-
nom useku, no najbohatSie je zastipené v sedimentoch
v blizkosti primarnej mineralizacie, ¢o je vysledok
rychleho opracovania v prudkom toku, ako aj pdvodnej
morfolégie a velkosti primdrneho Au. RedSie zastlipené
zlatinky prerastené kremeiiom a ¢lenité hrudkovité zlatin-
ky sa koncentruji vo vicsej vzdialenosti od primarneho
zdroja a sedimentuji az v miestach miernejSieho toku.
Optickd ani chemickd inhomogenita zlatiniek sa nezistila.
Obsah Au v zlatinkédch z aluvidlnych sedimentov je oproti
jeho obsahu v primdrnom Au obidvoch generdcii nizsi
0 2-3 %. Odnos Ag zo zlatiniek v aluvidlnych sedimen-
toch je pravdepodobne pre malé rozmery a plieSkovity
tvar (hribka iba niekolko stotin mm) takmer rovnomerny.
Lem rydzejSieho zlata na okrajoch plieSkovitych zlatiniek
sa nezistil.

Zlalo pocas transportu a sedimentdcie v altviach pod-
liecha zmendm morfoldgie, velkosti a chemického zloze-
nia. Vieobecne plati, ze s dizkou transportu sa zmenSuje
velkost zlata, ktoré postupne nadobuda tvar opracovanych
plieskov a zdroven sa tvoria vysokorydze lemy na okraji
zlatiniek. Vynimkou je len jemné Supinkovité zlato z lo-
kality Magurka, kde je zvidtSend rydzost v celom zrne
pravdepodobne kvoli velmi malym rozmerom zlatiniek.
Vysvetlil proces zvacSovania rydzosti je mozné rozlicny-
mi sposobmi, ale na jeho presnt identifikdciu chybaja
experimentalne Udaje.
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Rady autorom

Kazdy autor sa usiluje. aby jeho ¢lanok bol nielen obsahovo. ale aj graficky
na vysokej drovni. VaSe ilustracie budi kvalitné. ak presne dodrzite nase
indtrukcie.

Uz pri priprave obrazka treba zvazit, &i sa umiestni na jeden stipec alebo na
dva stlpce. resp. na celd tlagenii stranu. Vhodne upraveny obrdzok (velkosf pis-
men. hribka ¢iar) mozno reprodukovat aj v pomere 1:1 alebo odporticame uro-
bit kresby (perovky) vicsie. ako sa predpokladd ich velkost po vytladeni.
Perovky maji byt zhotovené sytym ¢iernym tusom. Pri obrdzkoch urobenych na
pocitadi treba redakcii poslat origindlne obrézky (nie xeroxové kopie) vytlacené
na pauzovacom papieri - tlac laserovou tlacianiou v kamerdlnej podobe pri
vysokom rozliseni (min. 300 DPI). Pri zostavovani obrézkov redakcia odporica
pracovat s programami vo vektorovom zobrazeni (napr. Corel Draw — TIFF).
Neodporti¢ame pouzivat velmi tenké &ary (tzv. vlasovej hribky) ani na obrysy.
ani vo vyplni.

Umerne k predpokladanému zmen3eniu treba zvolit hribku Giar. velkost
pisomom (nie verzalkami - velkymi pismenami). a to podla toho. ¢o sa md zvy-
raznil. Optimélna velkost pisma v ¢asopise po zmengenf je pri velkych pisme-
nach a ¢islach 2 mm a pri malych pismendch 1.6 mm.

Vseobecne

. Rukopis v dvoch exempldroch a origindl obrdzkov s jednym odtlackom
musia byt vyhotovené podla instrukcii pre autorov ¢asopisu Mineralia
Slovaca. V opaénom pripade redakcia ¢ldnok vrati autorovi pred jeho zasla-
nim recenzentovi.

2. Ak je moznost. poslite text ¢lanku na diskete 3.57. spracovany
v editore T602 (WinText602. Ami Pro. MS Word. WordPerfect: PC) alebo
MS Word. QuarkXPress (Mac) v norme Kamenickych alebo Latin2. S dis-
Ketou zadlite aj jeden vytlacok textu na papieri.

. Rozsah ¢ldnku je najviac 20 rukopisnych strdn véitane literatiry. obrazkov
a vysvetliviek. Uverejnenie rozsiahlejSich ¢lankov musi schvalit redakéna
rada a ich zaradenie do tlace bude zdihavejsic.

+ Clanky sa uverejiiuji v slovenéine. ¢eltine. angli¢tine. resp. rustine.
Abstrakt a skratené znenie clanku (resumé) je obycajne anglické (ak je ¢la-
nok v angli¢tine. potom resumé je v slovencine).

. Sti¢asne s ¢lankom treba redakcii zaslat autorské vyhlasenie. Obsahuje meno
autora (autorov), akademicky titul, rodné &islo. trvalé bydlisko.
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Text

. Uprava textu v&itane zoznamu literatiiry prisposobte siéasne] tiprave ¢lan-
Kov v Zasopise.

Text sa ma pisat s dvojitou linkovou medzerou (riadkovatom 2). na strane
ma byt 30 riadkov'. Sirka riadku je asi 60 znakov.

Abstrakt aj s nadpisom ¢lanku sa piSe na samostatny list. Obsahuje hlavné
vysledky préce (neopakovat to. ¢o je uz vyjadrené nadpisom). neméd obsa-
hovat citacie a jeho rozsah nemd byt vacsi ako 200 slov. (Abstraktu treba
venovat néleZiti pozornost. lebo slizi na zostavovanie anotacif.)

. Text ma obsahovat tvod. charakteristiku (stav) skimaného problému, resp.
metodiku prace. zistené tdaje. diskusiu a zaver.

Zretelne treba odlisit vychodiskové tdaje od interpretacii.

. Neopakovat daje z tabuliek a obrazkov. iba ich komentovat
a odyvolat sa na prislusni tabulku. resp. obrézok.

Text treba ¢lenit nadpismi. Hlavné nadpisy pisat do stredu. vedlajsie na lavy
okraj strany. Volit najviac tri druhy hierarchickych nadpisov. Ich dbleZitost
autor vyznaci ceruzkou na lavom okraji strany: 1 - hierarchicky najvyssi.
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8.V texte sa uprednostiiuje citicia v zdtvorke. napr. (Dub&dk. 1987; Hruby

et al., 1988) pred formou ... podla Dub&dka (1987). Ani v jednom pripade

sa neuvadzaji krstné mend.

Umiestnenie obrazkov a tabuliek sa ozna¢i ceruzkou na lavom okraji ruko-

pisu. resp. stipcového obtahu.

10. Grécke pismend pouzité v texte treba identifikovat na lavom okraji slovom
(napr. sigma).

11, Pri pisani starostlivo odliSujte pomléku od spojovnika.

12. Symboly. matematické znacky, nazvy skamenelin. slové a pod.. ktoré treba
vysddzat kurzivou. autor v rukopise pod¢iarkne vinovkou.

13. K ¢ldnku treba pripojit kli¢ové slova.

14. Abstrakt, resumé, vysvetlivky k obrazhom a ndzvy tabulick predlozi autor
redakcii aj v anglictine.

Nl

Tlustricie

1. Musia byt vysokej kvality. Maji dokumentovat a objasiiovat text. Origindl
(pred zmensenim) moze mal rozmer najviac 340 x 210 mm. Maximdlny
rozmer ilustricie vytladeny v casopise je 170 x 230 mm. Skladacie ilustrd-
cie treba tiplne vyldcit.

V pripade ilustracii vytvorenych na pocitaci prosime o ich zaslanie na dis-
kete 3.5" vo formate CorelDraw (PC). Adobe lllustrator (PC. Mac) alebo
Aldus FreeHand (Mac).

2. llustracie pripravoval s vedomim. Ze sa budi zmenSoval (zvycajne
030 %) na &irku stipca (81 mm) alebo strany (170 mm). Podla toho pripra-
voval ich velkost a formou. resp. ich zoskupenie.

3. Volit takt velkost pisma a ¢isel, aby najmensie pismend po zmenSeni boli
velké aspoii 1.2 mm. Umerme zmengeniu volif aj hribku Ciar

4. Obrazky popisovat $ablénou. nie volnou rukou.

5. Viethy ilustracie véitane fotografif musia obsahovatl grafickd (metrickd)
mierku.

6. Zoskupené obrazky. napr. fotografie, diagramy. musia byt pripravené (nale-
pené) ako jeden obrdzok a jeho Casti treba oznadit pismenami (a. b. ¢ atd’).
Taklo zoskupené obrazky sa cituji ako jeden obrazok. Zoskupené fotogra-
fie treba starostlivo upravif a nalepit na biely kriedovy papier

7. Fotografie musia byt ostré, ¢iernobiele. kontrastné a vyhotovené na lesklom
papieri. Je vhodné, aby sa zmen3ovali minimélne o 50 %.

8. Na vietkych obrdzkoch sa na okraji (na fotografidch na zadnej strane) ceruz-
hou uvedie &fslo obrazku a meno autora. Na fotografidch sa Sipkou doplni
aj orientacia obrazku.

9. Na mapéch a profiloch volil jednotné vysvetlivky. ktoré sa uvedd pri prvom
obrazku.

10. Nédzvy obrazkov a vysvetlivky sa piSu strojom na osobitny list.

11 VSetky ilustracie sa musia citoval v texte.

12. llustrécic sa zasielajd redakcii uz imprimované, teda pri korektdre ich uz
nemozno opravovat a dopliat.

13. Farebné ilustrdcie su vitané, ale ndklady na ich tla¢ hradi autor

Tabulky

I Tabulky sa pisu na osobitny list. Ich rozsah a vndtorni tpravu treba volit
tak. aby sa tabulka umiestnila do stipca alebo na Sirku strany. Rozsiahlejsie
tabulky sa neprijimaju.

2. Udaje zoradujte do tabulky iba vtedy. ak sa nedajui uviest v texte.

3. Nadpis tabulky a pripadny sprievodny text sa pige strojom na osobitny list
(Gpravu nadpisov pozri v ¢asopise).

4. Vertikalne ¢iary v tabulkdch nepouzivat.

5. Tabulky sa &isluji priebeZne a uverejiiuji sa v ¢iselnom poradi.

Literatdra

1.V zozname literatiry sa v abecednom poriadku uvddza iba literatira citova-
na v danom ¢lanku. Citdcia oznadend ..v tladi” sa moZze uviest v zozname,
len ak je z citovaného ¢lanku aspoii stipcova korektra. Citécie s doplnkom
v pripade”, .zadané do tlage™ si neplnohodnotné a nemaji sa pouzivat ani
v texte. Citdcia .osobnd informacia™ sa cituje iba v texte (Zajac. os. infor-
macia. 1988).

2. Pouzivat nasledujici sposob uvadzania literatiry:

Kniha

Gazda. L. & Cech. M., 1988: Paleozoikum medzevského prikrovu. Alfa
Bratislava. 155.

Casopis

Vrba. P.. 1989: Strizné zény v komplexoch metapelitov. Mineralia Slov..
21,135 - 142.

Zbornik

Névesny. D.. 1987 Vysokodraselné ryolity. In: Romanov. V (red.):
Stratiformné loZiska gemerika. Spec. publ. Slov. geol. spol.. Kosice. 203 - 215.
Manuskript

Radvansky. F.. Slivka. B.. Viktor. J. & Smka. T.. 1983 Zilné loZiskd jedlo-
veckého prikrovu gemerika. Zdveretna spriva z dlohy SGR-geofyzika.
Manuskript—archiv GP Spidskd Nové Ves. 28.

. Pri ¢ldnku viac ako dvoch autorov sa v texte cituje iba prvy autor s dodat-

kom et al.. ale v zozname literatiry sa uvadzaji vietci.

4. Ak sa v ¢lanku (knihe) cituje ndzov. idaje a pod. iného autora. ktory nie je
spoluautorom publikdcie. potom sa v texte cituje vo forme (Gerda in Kubka.
1975). ale v zozname literatdry sa uvadza iba Kubka. I.. 1975.
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