4/33/2001

ISSN 0369-2086

Mineralia
Slovaca

Anatomy of chert nodules in Mesozoic
limestones (Western Carpathians)

Anatomia rohovcovych hliiz z vapencov
mezozoika Zapadnych Karpat

Raw materials of Aeneolithic stone polished
_artefacts found on type locality of the Lengyel
~ culture: Svodin, Slovakia

Suroviny neolitickych brisenych kamennych
nastrojov z typovej lokality Lengyelskej kultiry:
. Svodin, Slovensko

. Kampansky rod Praesiderolites zo Zapadnych
. Karpat

! Genus Praesiderolites from the West

. Garpathian Gampanian

Geologicke rizika a ich hodnotenie v projektovej
priprave

Geological risks and their pre-design assessment

Antimon v prirodnych vodach obiasti
antimonitovych zil v Petrovej doline pri Poprogi

’ ~ Antimony in natural waters of antimonite veins
% area in the Petrova dolina valiey near Poproc

&=
Mezozoické bazalty z Cebrate pri Ruzomberku

Mesozoic basalts from the Gebrat hill
near Ruzomberok

Granitologie - véda o granitech na konci druhého
tisicileti

Granitology - the granite science at the end

of the second millennium




Mineralia
Slovaca

Casopis Slovenskej geologickej spolocnosti a slovenskych geologickych organizdcif
Journal of the Slovak Geological Society and Slovak geological organizations

Vyddva ZdruZzenie Mineralia Slovaca
Published by Mineralia Slovaca Corporation

Vedtici redaktor —

Chief editor

5 PAVOL GRECULA
Stdtny geologicky tistav Dionyza Stira
Jesenského 8, 040 01 Kosice, Slovakia

REDAKCNA RADA — EDITORIAL BOARD

Predseda — Chairman
Michal Kali¢iak
Statny geologicky tstav Dionyza Stiira, Bratislava

Vladimir Bezdk, Statny geologicky tstav D. Stira, Bratislava
Miroslav Bielik. Geofyzikdlny tstav SAV. Bratislava

Jozef Franzen, Ministerstvo Zivotného prostredia SR, Bratislava
Jozef Daniel, Uranpres, s. r. 0., Spisskd Novd Ves

Peter Hanas, Ministerstvo Zivotného prostredia SR, Bratislava
Dusan Hovorka. Prirodovedeckd fakulta UK, Bratislava

Pavel Hvozdara, Prirodovedeckd fakulta UK. Bratislava

Juraj Janocko, Stdtny geologicky Ustav D. Stiira, Kogice
Vlastimil Kone¢ny, Statny geologicky tstav D. Stira, Bratislava

Karol Marsina, Statny geologicky Ustav D. Stiira. Bratislava
Jozef Michalik, Geologicky tstav SAV, Bratislava

Lubomir Petro, Stdtny oeolomck) tstav D. Stura, Kosice
Miroslav Pereszlényi, SPP-OZ VVNP, . p.. Bratisiava

Martin Radvanec, Stitny geologicky tstav D. Stira, Sp. N. Ves
Peter Reichwalder, Slovenskd geologickd spolo¢nos(. Bratislava
Igor Rojkovi¢, Prirodovedecka fakulta UK. Bratislava

Jén Sotdk, Geologicky tstav SAV. Banskd Bystrica

Dionyz Vass, Statny geologicky tstav D. Stiira, Bratislava

Ivan Vrubel, Geospektrum. s. r. o.. Bratislava
Jén Zuberec, Statny geologicky tstav D. Stira, Bratislava

Ivan Kraus. Prirodovedeckd fakulta UK, Bratislava
Jozef Lanc, Geocomplex. a. s.. Bratislava
FrantiSek Marko, Prirodovedeckd fakulta UK, Bratislava

REDAKCIA - EDITORIAL STAFF

Vedici redakcie — Managing editor
Alena Wolfova
Redaktor — Editorial assistent
Maria Dryjovd
Technické spracovanie — Production editor
Alena Wolfovd
Jazykovy redaktor — Lingual editor
Pavol Kusnir — Zoltdin Németh

Zdruzenie MINERALIA SLOVACA Corporation

Predseda — Chairman
Jozef Franzen
Ministerstvo Zivotného prostredia SR, Bratislava
Clenovia zdruZenia — Members of the corporation

Esprit, s. 1. 0.. Banskd Stiavnica
Envigeo. s. 1. 0., Banskd Bystrica
Uranpres, s. 1. 0., Spidskd Nova Ves

Geocomplex, a. s., Bratislava

MZP SR. Bratislava

Slovenska geologicka spolo¢nost, Bratislava
Statny geologicky tistav Dionyza Stiira. Bratislava

Mineralia Slovaca (ISSN 0369-2086) vychddza Sestkrat ro¢ne. Vydavatel: Geocomplex, a. s.. Bratislava. Sadzba v redakcii Mineralia Slovaca
systémom DTP Apple Macintosh. Tla¢: Grafika, s. r. 0.. Kosice.

Predplatné v roku 2001. Clenovia Slovenskej geologickej spolo¢nosti 90.,- Sk (+ 10 % DPH). organizdcie 250.- Sk (+ 10 % DPH). Cena jednotlivého
Cisla je 50.- Sk (+ 10 % DPH). cena dvojcisla je 100.- Sk (+ 10 % DPH). Casopis mozno objednaf v redakcii.

Inzerdty: Poziadavky zasiclal redakeii. Adresa redakcic: Mineralia Slovaca, Jesenského 8, 040 01 Kosice. Telefon: 055/625 00 46.

Mineralia Slovaca (ISSN 0369-2086) is published bimonthly by the Geocomplex. a. s., Bratislava. Text was written, edited and composed on a DTP
system using Apple Macintosh computers in the editorial office Mineralia Slovaca.

Subscrlpnon for 2001 calendar year: 92 USD including postage. Claims for nonreceipt of any issue will be filled gratis. Subscription can be sent
Mineralia Slovaca, Werferova 1. 040 11 Kosice, Slovakia and SLOVART - G.T.G., Krupinskd 4, P O. Box 152, 852 99 Bratislava.

Advertising: Contact managing editor Address of the Editorial office: Mineralia Slovaca, Jesenského 8, 040 01 Kosice, Slovakia.
Phone:++ 421/55/625 00 46, © Geocomplex. a. s., Bratislava.




Obsalh - Contents Mne@la @ o4

Misik, M.
Anatomy of chert nodules in Mesozoic limestones (Western Carpathians)
Anatémia rohoveovych hliz z vapencov mezozoika Zdpadnych Karpdt . ... ... . . 313

Hovorka, D., [lldsovd, L. & Paviik, J.

Raw materials of Aeneolithic stone polished artefacts found on type locality of the Lengyel culture:

Svodin, Slovakia

Suroviny neolitickych brisenych kamennych ndstrojov z typove) lokality Lengyelske) kultiry:

SVOIM, SIOVENSKO e e 3

Salaj, J. & Kohler, E.
Kampansky rod Praesiderolites zo Zapadnych Karpat
Genus Praesiderolites trom the West Carpathian CAmMPanian . ... ..........onutennneainneneieaineaeeoe.. . 351

Ondrdsik, R. & Gajdos, V.
Geologické rizika a ich hodnotenie v projektovej priprave
Geological risks and their pre-design assessment ... ... ... e 361

Bacovd, N.
Antimén v prirodnych vodéch oblasti antimonitovych Zil v Petrovej doline pri Poproci
Antimony in natural waters of antimonite veins area in the Petrova dolina valley near Popro¢ ............................369

Spisiak, J. & Hovorka, D.
Mezozoické bazalty z Cebrate pri Ruzomberku
Mesozoic basalts from the Cebral hill near RUZOMBEroK . ..t o oo et 37T

Hovorka, D. & Samajovd, E.

Radidlnolatkovity antigorit zo serpentinitového telesa na Borcoku pri Breznicke

(paleozoikum, gemerikum, Zdpadné Karpaty)

Radially-lathy antigorite from the antigorite serpentinite body at Bér¢ok near Breznic¢ka

(Paleozoic, Gemeric Unit, Western Carpathians) . ... vttt ettt et e e e 385

SUHRNNY REFERAT — COMPREHENSIVE REVIEW

Paliveovad, M., Waldhausrovd, J. & Ledvinkovd, V.

Granitologie — véda o granitech na konci druhého tisicileti

(Ke druhému vydani Pitcherova dila o granitu 1997 a ke Clarkovu hodnoceni granitového paradigmatu 1996)
Granitology — the granite science at the end of the second millennium . .................. ... 389

SUHRNNY REFERAT — COMPREHENSIVE REVIEW

Babéan, J.

Kozmické, geologické a geochemické anomalie vzacnych zemin

Cosmic, geological and geochemical anomalies of rare earths ... ... <03

OBALKA: Zlatozlié vldknité agregdty nemalitu (odroda brucitu — Mg(OH), v serpentinite. Df7ka vidkien do 3 cm. Lokalita Jaklovee. Zo zbierky
Ing. Zdenka Mrdzka, Praha. Foto D. Slivka.

COVER: Gold-yellow fibroidal aggregates of nemalite (species of brucite Mg(OH),) in serpentinite. The maximal fibre length reaches
3 em. Locality Jaklovce. Collection of Dipl. Eng. Zdenék Mrdzek. Praha. Photo by D. Slivka.

il



Q#zvelin

Redakcia Mineralia Slovaca ma od 1. septembra 2001 novu adresu:

MINERALIA SLOVACA
JESENSKEHO 8
040 01 KOSICE

Telefon: +421 55 625 00 46
Fax: od decembra 2001
E-mail: od decembra 2001

Notice

Editorial office of Mineralia Slovaca has by September 1, 2001 changed address:

MINERALIA SLOVACA
JESENSKEHO 8
040 01 KOSICE

Telephone: +421 55 625 00 46
Fax: by december 2001
E-mail: by december 2001




Mineralia Slovaca, 33 (2001), 313-342

Anatomy of chert nodules in Mesozoic limestones
(Western Carpathians)

MILAN MISIK

Department of Geology and Paleontology, Faculty of Natural Sciences, Comenius University,
Mlynskd dolina G, 842 15 Bratislava, Slovakia

(Received February, 1, 2001, revised version received March 16, 2001)

Abstract

Forms and transition zones from limestones to chert nodules are treated. Special attention was paid to
wood-grained cherts originated by self-organized process. Abundant examples of lepisheres remnants
point to opal-CT precursor of microquartz in chert nodules. Various phenomena on carbonate rhombo-
hedra. typical components of cherts, render possible to decipher the oscillations of conditions in the co-
urse of nodule formation. In this “reactive stage™ of silica accumulation also several special types of
syngenetic veinlets originated, as well as small apatite crystals found in a half of thin sections of cherts
proceeding from Neocomian “biancone™ limestones. Attention was paid to various ways of fossil pre-
servation. Syntaxial overgrowths on crinoidal plates can be pre-chert or syngenetic with chert. Chitinous
dinocysts, Fungisporonites. pollen grains and chitinous foraminiferal linings were currently found in
thin sections of Jurassic and Lower Cretaceous chert nodules and missing in those from their surroun-
ding limestones. A comparative study of organic matter (C,,,. C,,. oils, pitch and asphaltens) of chert
and neighbouring limestones was carried out. Brecciated chert nodules with two phases of silica accu-
mulation testify the early origin of cherts. The effect of slight metamorphism on cherts are mentioned
(e. . index of crystallinity). Frequences of microfacial elements from two sets of thin sections (one of
shallow-water and other from deep-water limestones) are compared. Some remarks to the genesis of

chert nodules were summarized.

Key words: nodular cherts, limestone diagenesis. Mesozoic. Western Carpathians

Introduction

In spite of the frequent occurrence of chert nodules in
carbonate rocks their origin is not satisfactory understood.
The solution of the problem was partially hindered by the
surprising absence of chert nodules in recent sediments
and they were not found even in the boreholes penetrating
marine deposits younger than Paleogene. The main cause
of it could be the lack of recent shallow-marine sediments
rich in siliceous organisms (Knauth, 1979). I tried to define
common features of chert nodules especially by their
thin-section study neglected up till now.

In Western Carpathians the chert nodules occur in nu-
merous stratigraphic horizons and various limestone fa-
cies from the Anisian to Albian age. Their dominant so-
urce in pelagic limestones were evidently radiolarians
(e. g. the Tithonian-Neocomian “biancone” facies, Middle
Triassic Reifling facies). In somewhat shallower facies
(e. g. crinoidal and spiculitic limestones of Liassic to Middle
Jurassic age) silicisponges were the main supplier of sili-
ca. Cherts occur rarely in some nodular limestones e. g.
Anisian Schreyeralm Limestone, Norian Hallstatt Limes-
tone, but they are absent in Liassic Adneth Limestone
and Middle-Upper Jurassic Czorsztyn Limestone. Red
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marly limestone of the Klippen- and Peri-Klippen Zone
(facies “couches rouges”) are not suitable rocks. they bear
cherts only rarely (e. g. Sykora et al., 1997).

Extremelly shallow-water marine limestones lack chert
nodules because radiolarians and silicisponges were absent
in those sediments. They are missing in carbonate plat-
form sediments such as Anisian Gutenstein Limestone,
or penecontemporaneous Triassic dolomites. The cherts
are in an antagonistic relation with bioherm facies like
Wetterstein Limestone or Kambiihel Limestone. They
cannot be found in Rhetian oolitic and coquina limesto-
nes, in microoncoidal limestones of Liassic and Upper
Jurassic age, Eocene nummulitic limestones, Badenian
“Lithothamnium” limestones.

An interesting phenomenon is well known for a long
time: abundant chert nodules occur in Tithonian-Neoco-
mian “biancone” facies in Tatric Unit of Velkd and Mald
Fatra Mts. meanwhile in Fatric Unit (KrfZna nappe) in
the same facies and area they are totally absent. A similar
case concerning the same facies was observed in the Klip-
pen Belt: black cherts are typical for the Kysuca Succes-
sion ("Hornsteinkalk™ of previous authors) but are lacking
in large areas of Pieniny Succession (e. g. Upper Orava
Basin or surroundings of Myjava), although thin sections
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from those limestones contain frequent phantoms after
dissolved radiolarians.

Forms and structures of chert nodules

Following types were observed : 1. “Normal” type of
cherts is relatively homogenous with somewhat purer silica
in the nedule centre, it originated by centripetal diffusion.

2. The term “imperfect chert” can be used for cases
when pure core (mostly of black colour is enveloped by
large transition zone of slightly silicified limestone (usu-
ally of light-grey colour contrasting with almost white
neighbouring limestone (Fig. 1).

N

[ limestone
transition zone

B chert (noduie)

Fig. 1. Impertect chert with distinct transition zone. Tithonian of the
Kysuca Succession, Brodno. Polished section. diminished 0.5x.

3. Chert with enclaves of non-silicified or slightly sili-
cified limestone originated by coalescence of cherts gro-
wing from various centers or by enclosing a part of limes-
tone if the diffusion of silica solutions was not equable.

4. Contour cherts (Misik. 1972, p. 115) originated by
centrifugal diffusion. They possess sharp boundaries and
contain non-silicified limestone in the centre (Fig. 2).
This type was found in Triassic Reifling Limestone. Ho-
uterivian (Borza et al., 1987, Fig. 8) and Aptian limesto-
nes (e. g. loc. Brodno).

3
* p

Fig. 2. Countour chert originated by centrifugal diffusion. Triassic
Reifling Limestone, Cho¢ nappe, Sviitojdnska valley. Diminished 0.5x.

=
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3. Rhythmic concentric structure, so-called ~wood-grai-
ned structure” (DeCelles and Gutschick, 1983) originated
by the periodic precipitation. Typical locality of these no-
dules occurs in Carnian carbonates Turik near LucCky
(PL. I, Fig. I, PL. 111, Figs. 1-6), their detail description
is on the page .

6. Irreguiarly concentric structure is rare (e. g. Albian
limestone, loc. Cierna Lehota, PI. 1. Fig. 2). Chert nodu-
le resembling the cerebroidal structure of Rio (1982) was
found only in a pebble probably from exotic source
(PIL I, Fig. 3).

7. Laminated chert originated by selective silicification
of several laminae, e. g. allodapic intercalations in Reif-
ling Limestone (PL. 1, Fig. 4).The preferential occurrence
of cherts in calciturbidite intercalations is widespread
(Bustillo, 1987). From our material they are known in
Anisian, Ladinian, Norian (Pl II, Fig. 4), Upper Jurassic
and Neocomian limestones. The granularity of calciturbi-
dites made them better passable for silica solutions and in
their redeposited material siliceous organisms missing in
the surrounding limestone often occur.

8. Synsedimentary brecciated cherts contain two genera-
tions of microquartz aggregates: the older one is represen-
ted in clasts and the younger one forms their matrix
(PL. X., Figs. 4=7). They will be treated separately in the
chapter concerning deformations in chert nodules (p. 16).

9. Small spherulitic cherts (“Hornsteinkugelchen™) in
the Middle and Upper Triassic limestones and dolomites
replaced micronodules and stellate aggregates of gypsum
formed in a hypersaline environment of carbonate plat-
forms (Misik, 1996, Pl. I-111).

There are various chert forms. The predominating ellip-
soidal shape, elongated concordantly with the layering
was not caused by compaction (pure carbonate sediment
lithifies very early, still before the origin of chert nodu-
les) but by the silica migration preferentially in the laye-
ring planc. In the beds of limestone alternating with im-
permeable clayey intercalations the cherts are usually con-
centrated in the central part of a limestone bed (PL. I,
Fig. §5). The opposite case is rare, ¢. g. the beds of marly
limestones — “Fleckenmergel™ facies used to be bordered
by cherts (spongolites), along the boundaries with imper-
meable intercalations (centrifugal migration).

Pl 1. Several structures of nodular cherts. | — Rhythmic concentric
structure (“wood-grained chert™) in Carnian dolomites (Gostling
Beds), Cho¢ nappe. Turik near Licky. Cho¢ Mts. Polished section. na-
tural size. 2 — Irregular concentric structure of chert in dark Albian li-
mestones. Krizna nappe, Cierna Lehota, StraZov Mts. Negative image
of the thin section. natural size (material of J. Jablonsky). 3 = Irregular
concentric structure reminding “cerebroidal cherts™ of Rio (1982).
Chert nodule in Barremian limestone. Pebble from Paleocene Pro¢
Conglomerate of the Pieniny Klippen Belt. Benatina-I-15. Polished sc-
ction. slightly magnified (1.5x). 4 — Chert laminae displaying diagonal
stratification originated by selective silicification of several laminac in
an allodapic intercalation. Ladinian Reifling Limestone. Cho¢ nappe.
900 m ENE from Homolka, Strazov Mts. Weathered surface. natural
size. 5 — Chert nodules in a bed containing 26.-4 % of cherts. Norian
Hallstatt Limestone, Silica nappe. Quarry near Silickd Brezova. Slova-
Kian Karst. 6 — Abundant cherts with enclaves of crinoidal limestone.
Bajocian-Bathonian crinoidal limestones of Czorsztyn Succession.
Pieniny Klippen Belt. Mikusovce.

>
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M. Misik: Anatomy of chert nodules in Mesozoic limestones (Western Carpathians)

Shells of juvenile pelecypods acted sometimes as ob-
stacles for the diffusion (PI. II, Fig. 1), they limit the
chert nodules. Thin early vein (“pre-chert veinlets” — MiSik,
1998, p. 285) also influenced their form by stopping
the growth of the nodules (Pl. XI, Figs. 1-2).

The proportion of cherts in limestones can be ascertai-
ned by the planimetric evaluation of photos of slightly
weathered outcrop, e. g. the chert nodules represent
26.4 vol. % of a layer of Hallstatt Limestone illustrated
on the Plate I, Fig. 5. This cannot be authomatically
considered as a proportion of silica in that limestone
bed because cherts contain calcite rhombs and veinlets.

Transition zones

Detailed description of the transition zones from limes-
tone to chert in the thin sections was done previously
(Misik, 1973). Following zones can be discerned in case
of pelagic Tithonian-Neocomian limestones: A — sur-
rounding micritic limestone without visible microquartz
(**‘chalcedony’), dark in thin section. AB is the transition
zone with dispersed microquartz (light-grey in thin sec-
tion), usually 1.5-3 mm, but by “imperfect cherts” some
c¢m thick. The microquartz fills at least a part of voids af-
ter radiolarians and forms thin borders along the older cal-
cite veinlets. At its outer side another zone — B, richer in
microquartz, can be sometimes discerned (“marginal imbi-
bition”). On the inner side of AB zone a peculiar B, zone
consisting of coarse-grained aggregate of new-formed rec-
rystallized calcite (pseudosparite — Pl. II, Fig. 2) can be
observed.

Further transition zone BC is characterized already by
the predominance of microquartz. Its typical features are
the voids after radiolarians filled by calcite monocrystals.
The zone BC is approximately 0.2-5 mm thick. Zone C
represents the main part of chert with dominating silica.
Slight differences can be between its central and periphe-
ral part, e. g. pyrite crystals occur only in the peripheral
part, the size of calcite rhombs grows sometimes towards
the central part. An example of the transition between li-
mestone and chert shows PI. I, Fig. 4. A special variety
of transition B zone is the “sieve structure™ (Pl. II,
Fig. 3) with dendritic calcite grains. It occurred in cherts
from Hallstatt Limestone and from Keuper dolomite.

In the polished section both limestone (A) and especial-
ly chert (C) acquire the lustre meanwhile the transition
zones remain dull.

A passage from microquartz aggregates (““chalcedony”™)
to the crystals of authigenic quartz (megaquartz) at the
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chert border was rarely observed (e. g. Reifling Limesto-
ne, Svitojdnska valley, Nizke Tatry Mts.). It render anot-
her evidence that the chert nodules were formed during the
early diagenesis from the relatively concentrated silica so-
lutions, but in the course of later diagenesis idiomorphic
quartz crystals precipitated from the very diluted solutions
(Misik, 1995a). The transition zones are absent in very
small cherts (PL. I, Fig. 1).

Rhythmic cherts with wood-grained structure

This scarce type of chert nodules occurs in an abandoned
quarry underneath the elevation point 663.4 Dielce, settle-
ment Turik near Luc¢ky, Cho¢ Mts. I called attention to-
wards them previously (Misik, 1972, p. 14-115). Black
nodules with concentric patterns occur in dark limestones
and dolomites pertaining to lower part of “Aon Beds™ (Bor-
za, 1973) of Reifling Formation, or to the Gostling Li-
mestones according to the profile of Masaryk (1993,
Fig. 2), but the latter author did not mentioned the cherts.
According to the oral communication of M. Havrila their
stratigraphic attribution is Lower Carnian (Cordevolian)
Similar cherts can be found also in the nearby locality
Martin¢ek and another one 7 km N from Korytnica Spa.

The surrounding rock is represented by micrites and do-
lomicrites containing scarce radiolarians and spicules of
silicisponges (voids after their dissolution filled by calci-
te) and juvenile bivalves of Halobia type.

Cherts in dolomite display in polished sections the al-
ternation of black and light-grey rings (Pl. I, Fig. 1,
Pl 11, Figs. 1, 3). In thin sections they are white and brown
(PL. II1, Fig. 3). Inner limits of the brown stripes (rings)
are sharp at the difference to the outer ones. The silica
aggregate is extraordinary fine-grained especially in the
brown rings where light tiny globules (probably lepisphe-
res) with a diameter of 810 um can be discerned (PI. 11,
Fig. 4). The thickness of concentric rings varies between
0.45 to 1.3 mm, the darker brown rings are always some-
what thicker than the light ones. Up to 7 rings can be co-
unted in 1 cm part of the radius.

Both types of rings are filled by tiny dolomite rhombs
rarely up to 0.25 mm (PL. III, Figs. 4-5). Their dolomite
nature was proved by alizarine and it is also clear from
the chemical analysis of the nodule: MgO — 5.19 %. The
share of CaO was 12.19 %, then the amount of dolomite
in the chert is about 20 % they enclose small older dolo-
mite rhombs without any corrosion.

The brown shade is not caused by Fe-compounds. The
microprobe profile displayed a perfect correlation between

<« PL IL. Transition zones at the limestone-chert boundary. | — The growth of small cherts (white) was stopped at some places by “filaments™. shells

of juvenile Halobia (small chert nodules lack the transition zones). In the centre a brachialium of Osreocrinus sp. Upper Carnian — Norian (age
proved by extracted conodonts). Pebble of the Albian conglomerates of Klape Unit. Povazska Bystrica. T s. (= thin section) No. 7224, 20x.
2 — Transition zone from limestone to chert. Upper left — zone AB. the rest of the photo — zone B, consisting from the coarse-grained calcite aggregate
(pseudosparite). Chert in pelagic Neocomian limestone, Kysuca Succession. Pieniny Klippen Belt, Milpo§ T. s. No. 18594, 40x. 3 — Transition
BC-zone with dendritic (“strainer™) structure of newly-formed calcite grains at the chert margin. Red nodular Hallstatt Limestone (biomicrites
with radiolarian microfacies). Norian, Silica nappe. Quarry near Silickd Brezovd. Slovakian Karst. T s. No. 6248, 43x. 4 — Microscopic profile of
limestone-chert transition, the same locality. At the difference of the preceding pelagic biomicrite this chert was formed in an calciturbiditic intra-
sparite (grey allodapic intercalation) in red nodular limestones. AB-zone contains tiny crystals of authigenic quartz, very thin zone B, is formed by
pure microquartz (“chalcedonic marginal impregnation™), B, zone of newly-formed calcite grains and chert (C) with the ghosts of intraclasts and

small carbonate rhombohedra. T s. No. 6243, 43x.
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Fe and Mg showing that Fe?* forms an isomorphic ad-
mixture in the dolomite rhombs. Single grains of pyrite
and kaolinite flakes are exceptional (PL. 111, Fig. 6). Inso-
luble residue of chert is represented almost exclusively by
Si0, (66.96 % and 64.50 % from two specimens), Fe,0;
was only 0.029 %. The brown shade is then caused by
the presence of organic matter: C,, — 1.57 %. Its contain
of bitumens — 224 ppm is formed by oils — 25.9 %,
pitch = 17.2 % and asphaltites = 56.1 % (anal. RNDr. V.
Sirdnova).

Rare syngenetic calcite veinlets were formed by meta-
somatic replacement of chert along the submicroscopical
cracks and therefore contain also the mentioned dolomite
rhombs. They are sometimes concordant with rings (con-
centric veinlets of dehydratation — Pl. 111, Fig. 2). The
chert nodules are disturbed also by a set of young parallel
extensional calcite veinlets (PIL. 111, Fig. 1) formed during
the tectonic pressures as the result of higher rigidity of
cherts comparing with the surrounding carbonate rock.

The granularity of microquartz from both types of stri-
pes can be observed from replicas on the electronmicros-
cope image (Pl. IIl., Fig. 6). The index of crystallinity
after Murata and Norman (1976) was 3.0.

The structure of rhythmic concretions originated by tri-
dimensional oscillations, the process was driven by diffu-
sion. The measurements are concordant with the spacing
law resulting from the Ostwald-Prager theory of Liese-
gang phenomenon (Fig. 3):

Xn=pVXo In Xy = N In p +1n x, xy = 1.3958N. 2,106

N .... sequence number of the stripe

Xy -... distance of N-stripe from the beginning

P, X0 .... constants characteristic for the given case

The measurements were carried out by prof. Dr. V.
Holba, DrSc.

Similar structures of cherts were formerly designated as
“spheroids” (Taliaferro, 1934; Kolodny, 1969). Taliaferro
supposed their origin by the dehydratation of gels. Three
cases were described in latest years:

I. Our material is most resembling to that described
under the name “wood-grained structure™ by DeCelles and
Gutschick (1983) from the Mississippian dolomites. Their
cherts also consist of light and dark rings, the dark ones
coloured by bituminous admixture. They also contain
abundant dolomite rhombs but at the difference to our
material they are much more frequent in white rings. The
authors supposed their origin in the foreslope facies bet-
ween 50 m and 300-500 m under the pycnocline with the
opal-CT precursor, but they did not find relicts of lepi-
spheres.

2. Maliva et al. (1999) described cherts with “wood-grai-
ned structure™ from the Upper Jurassic Portland Limesto-
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Fig. 3. Measurement of spacing in the wood-grained chert, loc. Turfk.

ne of England. They explain the alternation of dark and
light stripes by higher abundance of calcite inclusions in
the light ones. The cherts originated as self-organization
process by early diagenetic metasomatism from compac-
ted carbonate sand with abundant sponge spicules. They
also suppose but did not document the opal-CT being the
precursor. 8'30 indicates the participation of metcoric wa-
ters with the temperatures between 20° and 60 °C. The
periodical supersaturation took place along the boundary
of the growing nodule what resulted in a light zone for-
mation. The distance between the pair stripes is usually
2—6 mm and becomes higher towards the periphery.

3. McBride et al. (1999) described mentioned structure
as “spheroidal chert nodules” from the marine Eocene li-
mestones in Egypt. The size of nodules is 40-120 cm.
They supposed without evidence their origin from an
opal-CT precursor. No siliceous organisms as the silica
source are preserved. The value of 380 of calcite and
quartz indicate the origin of cherts in the depth about 100 m
with the participation of meteoric waters, but dispersion
of values points to a complex origin. Some nodules grew
from the centre towards the periphery but many of them
are supposed to grow simultaneously within the whole
space of nodule. The authors designate the process as
self-organized process of enigmatic character”.

To complete the information we add that another case
of spheroids but from Upper Jurassic radiolarites, probably
connected with the hydrothermal activity was described
from Slovakia (MiSik et al., 1991, Pl. 4, Fig. 3). lrregu-

PL III. Cherts with wood-grained structure. | — Alterration of light and dark annular bands (Liesegang figures). wood-grained structure chert in
Lower Carnian (Cordevolian) dolomites. The nodule is disturbed by a net of young calcite extension veinlets; they do not continue to the surroun-
ding carbonate rock. Gostling Beds. Cho¢ nappe. Abandoned quarry. Turik near Lucky, Cho¢ Mts. T. s. No. 21801, slightly magnified (1.5x). po-
lished section. 2 — As previous. Besides younger veinlets, the nodule is cut also by two concentric syngenetic veinlets of contraction. Outward of
them the rhythmic structure changed. The same locality. Polished section, 2x. 3 — Thin section of wood-grained chert filled by tiny dolomite rhom-
bohedra and grains. Three pairs of light and dark annular bands. As previous. T s. No. 729/67, 22x. 4 — Dark bands contain besides small rhombo-
hedra also tiny white globules. probably remnants of lepispheres originally from opal-CT As previous, 185x. 5 — Dolomite rhomb in a microquartz
aggregale from wood-grained chert. As previous. Replica of a fracture plane. Electronic microscopy, 6800x. 6 — Parts of different granularity of

quartz, kaolinite flakes on the left. As previous, 6800x.
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lar concentric structures of other cherts have been illustra-
ted at PI. I, Figs. 2, 3.

To the self-organized structures belong also concentric
rings called “*beekite” known from the selective silicifica-
tion of shells. In Western Carpathians, they were found
on Liogryphea shells and belemnite rostra within the
Liassic limestones (Misik, 1995b, PI. 111, Figs. [, 2).
Similar aggregates of smaller concentric rings were found
in several cherts from crinoidal limestones (Pl. XIII,
Figs. 3-5).

Remnants of lepispheres in nodular cherts

The study of Tertiary and Quaternary siliceous sedi-
ments from the boreholes in the ocean bottom revealed
the presence of tiny globular bodies named lepispheres.
They represent the overgrowths of cristobalite and tridy-
mite blades designated as opal-CT (Wise and Kelts, 1972;
Wise and Weaver, 1977 and others). They occur most fre-
quently as radiolarian filling. The diameter of lepispheres
varies between 0.003-0.050 mm. The opal-CT disappea-
red totally from the sediments older than Cretaceous.

The assumption about the opal-CT as a precursor of
microquartz in nodular cherts was accepted at first with
scepticism. Neither cristobalite nor tridymite can be ex-
pected in Mesozoic cherts of Alpine-Carpathian area (only
Bardosi et al., 1965, quoted cristobalite in Jurassic cherts
from Bakony Mts., that information was never repeated),
but remnants of lepisphere globules can be preserved.
They were documented from cherts in Upper Jurassic
Portland Limestone by Maliva and Siever (1988), from
Ordovician cherts by Gao and Land (1991), from Western
Carpathians by Misik (1993, Fig. 2G-1). Lintncrova and
Peter¢akova (1994) figured SEM photos of blade-shaped
lepispheres from Lower Cretaccous of Western Carpat-
hians. Such a preservation of their forms was found also
by Elorza and Garcia-Garmilla (1993) from Upper Turo-
nian platform carbonates and by Michniak (1980) from
Turonian platform limestones of Poland.

It is noteworthy that the lepispheres are known also
from other cnvironments. Following examples were no-
ted at the territory of Slovakia: Markova (1977, PL. 1-111)

documented them from siderite microconcretions in Upper
Miocene, their opal-CT nature was confirmed by X-ray
analysis. Markova (1978) found them in limnoquartzites.
§amajové (1979, Fig. 12) found globular aggregates of
cristobalite-lussatite in the zeolitized Neogene volcanites,
Forgag et al. (1990) identified them in a silicified wood.
Chovanec (1991) illustrated perfect photos of blade-sha-
ped lepispheres from the silicified elm wood in andezite
tuffs, but did not recognized them.

Lepispheres were found also in opalite silcretes of Aus-
tralia (Thiry and Milnes, 1989, Fig. 7). I attributed to
fossil silcretes the specimen with lepispheres in cherts
proceeding from Keuper (Norian) dolomite (PI. IV, Fig. 5).
‘The majority of lepispheres was pseudomorphosed there
by dolomite. Some of them conserve the SiO, composi-
tion due to their closing in tiny dolomite crystals (MiSik,
1996, PI. 1V, Fig. 7).

Following ways of lepisphere remnants preservation
were ascertained in our material: 1. Most frequent is their
early replacement by calcite (Pl. 1V, Figs. 14, 7), name-
ly in cherts from Lower and Middle Jurassic limestones
with echinoderm plates and silicisponge spicules.

2. Lepispheres closed in early formed calcite rhombs in
chert escaped the annihilation (PI. 1V, Figs. 6. 8-9).
They can be paramorhosed by microquartz or replaced by
calcite, mostly with the same optic orientation as the
rhomb. No traces of lepispheres can be found in the sur-
rounding chert matrix. The mentioned case of preserva-
tion occurs in cherts from shallow-water crinoidal-spiculi-
tic limestones. They are present also in calciturbidites
with the same redeposited elcments in pelagic limestones
(Pl. 1V, Figs. 6, 9). The lepisphere remnants of both
mentioned types are relatively rare in chert nodules from
Carpathian Mesozoic. They were found in 14 from 165
thin sections. More frequent is the third type.

3. Relicts of lepispheres in radiolarians within the pela-
gic limestones (Pl. IV, Fig. 10). Cherts from Tithonian-
-Neocomian biancone facies contained them in seven from
fifty thin sections. The diameter of lepispheres was bet-
ween 0.015 and 0.020 mm. The remnants of lepisphcre
microglobules are more or less clear enveloped in brown
silica mass with somewhat lower index of refraction than

PL. IV. Globular bodies — remnants of lepispheres in chert nodules. | — Remnants of lepispheres preserved as globules filled by calcite (diameter P
0.012 mm); the surrounding mass is microquartz aggregate. Chert from Liassic spiculitic limestone. Pebble of Senonian Valchov Conglomerate.
Horné KoSariska, Brezovské Karpaty Mts. T. s. No. 17907, 185x. 2 — Relicts of lepispheres with the diameter about 0.015 mm pseudomorphosed
by calcite; the surrounding mass is formed by microquartz. Lepispheres were preserved only in the central part of the nodule. Chert from pelbios-
paritic limestone, Lower Liassic. Cho¢ Nappe. NW slope of Holy vrch near Chtefnica. Cachtické Karpaty Mts. T.'s. No. 29825, 86x. 3 — Remnants
of lepispheres (about 0.015 mm) pseudomorphosed by calcite. Chert in Liassic crinoidal limestones, Klape Succession, klippe Klape. T s. No.
19635, 240x. 4 — Remnants of lepispheres pseudomorphosed by calcite in Liassic-Middle Jurassic crinoidal limestones. Olistolite of Barremian-Aptian
Urgonian Limestone in Cenomanian conglomerates of Klape Unit. Podvazie-11. T. s. No. 6348, 136x. 5 — Relicts of lepispheres (0.015-0.020 mm)
mostly replaced by dolomite in chert nodule. probably of silcrete origin. Norian Keuper Dolomite, KriZna nappe. Settlement Zelendci near Valas-
kd Beld, StrdZov Mts. T s. No. 3635, 86x. 6 — Relicts of lepispheres (about 0.018 mm) preserved only in early formed calcite rhombs within a chert
nodule. They were replaced by calcite of the same optic orientation as the closing rhomb. Chert in a calciturbiditic intercalation within Norian
Hallstatt Limestone. Silica Nappe. Silickd Brezova. T. s. No. 6245, 185x. 7 — Relicts of lepispheres replaced by calcite in a microquartz mass. Sili-
ceous spiculitic limestone, Liassic of the Manin Succession. Quarry near Tunezice. T s. No. 7250, 210x. 8 — Remnants of lepispheres preserved
only in caicite rhombs. They were pseudomorphosed by calcite but this time with a different optical orientation than the rhombs. Chert from Kim-
meridgean—Lower Tithonian limestones with Saccocoma microfacies. Kysuca Succession of Klippen Belt. Milpos. T s. No. 10596, 160x. 9 — Re-
licts of lepispheres (0.015 mm) preserved only in calcite rhombs and grains. replaced by calcite of different optical orientation. Calciturbiditic in-
tercalation in Upper Berriasian-Valanginian Hornd Lysd Limestone, Kysuca Succession. Vriatec. T. s. No. 19796, 120x. 10 — Phantoms of lepis-
pheres in a radiolarian filling are clearer than remaining brownish mass with a different content of water in chalcedony (microquartz). Chert no-
dule from Upper Tithonian pelagic limestones with Crassicollaria. Kysuca Succession. Small klippe 700 m to S of the elevation point 758.1 near
Kyjov. T. s. No. 18601, 120x.
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that one of globules. In more frequent case the central
part of void was filled by mentioned younger brownish
aggregate. After the dissolution only a part of brownish
aggregate with bothryoidal contours (negatives of former
lepispheres) is visible. Similar preservation of lepisphe-
res occurred also in chert displaying wood-grained structu-
re mentioned above. Phantoms of clearer microglobules
(diameter 0.010 mm) in brown rings can be discerned
there (PIL. 11, Fig. 4).

Carbonate rhombohedra and scalenohedra in cherts

Early diagenetic accumulations of silica from the relati-
vely concentrated solutions iniciate the recrystallization
of carbonate relicts within the originating chert nodule.
Micrite remnants contribute to the origin of calcite
rhombs, from the dolomicrite remnants originated the do-
lomite rhombs. As no carbonate rhombs occur in the sur-
rounding limestone or dolomite, it is clear that they
ought to be newly formed. There is a well known fact
that no calcite rhombs occur in marine limestones, only
dolomite rhombs may be there in the case of partial dolo-
mitization. Therefore previous authors considered the
rhombs in cherts as dolomitic. Misik (1993) found that
all thin sections from 88 chert specimens of Anisian to
Albian limestones in Western Carpathians contain only
calcite rhombs, rarely accompanied by Fe-dolomite
rhombs. This can be easily checked by the alizarine colo-
ration of uncovered thin sections (attention should be paid
to very tiny rhombs not reaching the surface of the thin
section which remain uncolored). On the other hand all
cherts from Triassic dolomites contained only dolomite
rhombs what points to a very early dolomitization prece-
ding the chert nodule formation.

The calcite rhombs are often zonal (PI. V, Fig. 1). The
crystallization of calcite rhombs was not a single event.
If the limestones contained several admixtures (e. g. Fe,
Mg) also another population of Fe-dolomite rhombs ori-
ginated (PI. V, Figs. 2, 7). The oscillation of conditions
that favor the precipitation of CaCO; and those favouring
SiO, is evidenced by the abundance of corrosional featu-
res on calcite rhombohedra. Sometimes even their disso-
lution up to hollow negatives took place (Pl. V, Fig. 5).
Such rhombohedra negatives were found in 5 cases from
144 chert nodules. The hollowness is surely not a result
of their dissolution by weathering because younger gene-
ration of calcite rhombs as well as calcite veinlets were
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not affected. These voids were mostly filled by micro-
quartz aggregate (Pl. V, Fig. 6). The cores of the older
corroded generation bear sometimes syntaxial overgrowths
with changed chemical composition (Pl. V. Figs. 3, 4).
Two EDAX analyses from the object at the PI. V, Fig. 4
show that the older core was dolomite (CaO — 46.95 %
and 50.79 %, MgO — 20.69 % and 17.45 %, practically
without FeO) and the rim was Fe-dolomite to ankerite
(CaO =51.21 % and 48.16 %, MgO —4.08 % and 11.11 %,
FeO - 9.84 % and 3.81 %).

Peculiar cases of slight corrosions represent scalenohed-
ra overgrowing echinoderm fragments (Pl. V, Fig. 8).
The syntaxial overgrowths were synchronous with chert
nodule formation as they are absent in the surrounding
biomicrite. The dissolution of scalenohedron surface was
probably caused by water, released during the dehydrata-
tion of silica in a closed system. Tiny cavities in the
form of “frames” originated and were later filled by clear
rims consisting from short-fibrous chalcedony.

Relicts of crinoidal monocrystals were not always com-
pletely dissolved, they might be performed in rhombs (PI.
VI, Fig. 2). Ghosts of radiolarians are often visible in
rhombs. They proceed from molds of dissolved radiolarians
filled with a single crystal of globular shape which was la-
ter syntaxially overgrown to rhombohedral shape. Very
small rhombs are often present even in voids after dissolved
radiolarians filled by fibrous chalcedony (PI. VI, Fig. 3).

It was already mentioned that the calcite rhombs served for
conserving the lepisphere structures (Pl. V, Figs. 6. 8-9)
entirely disappeared from surrounding mass of chert nodule.

The anchimetamorphism leads to corrosion, partial rec-
rystallization and also to reorientation of rhombs into the
foliation plane (PI. XII, Figs. 3, 4).

Calcite rhombs are especially frequent in the contact
with the syngenetic veinlets crossing the chert (“string-
-of-pearls type”, Misik, 1971). Hair-thin cracks mostly of
dehydratation origin supplied solutions into still "living™,
reactive accumulation of silica containing a considerable
amount of water (Misik, 1998). Younger veinlets of tec-
tonic origin penetrating already consolidated cherts lack
such rhomb borders.

A relation between the size of chert nodules and the
presence of calcite rhombs seams to exist. Rhombs big-
ger than 0.05 mm are missing in the nodules less than
I ¢m of diameter, but not all bigger nodules comprise
them. The growing size of rhombs toward the centre of
nodule was sometimes noted (Misik, 1973, Fig. 4).

PL. V. Carbonate rhombs in chert nodules. | — Zoned rhombohedra in a chert from Liassic spiculitic-crinoidal limestone. Cho¢ nappe, Svarin. rail-
road cut, Nizke Tatry Mts. T s. No. 7784, 95x. 2 — Older calcite rhombs (clear) are mostly cut by dark Fe-dolomite rhombs. Chert in Upper Juras-
sic Jimestones, Krizna nappe. Cv‘ejiach near Smolenice, Malé Karpaty Mts. 55x. 3 — Older corroded rhomb represents the core with a syntaxial rim
of carbonate with different chemical composition. Chert nodule from Liassic crinoidal limestones. Krizna (Vysokd) nappe. Pristodolok, Malé Kar-
paty Mts. T s. No. 6254, 185x. 4 — Syntaxial ankerite rim around a core of corroded dolomite rhomb. Chert nodule from biosparite limestone.
Middle Jurassic, Krizna nappe (Dur¢ind Succession), Duré¢ind, Mald Fatra Mts.. 185x. 5 — Voids after dissolved rhombs in a chert originated by
hydrothermal silicification of the Triassic dolomites. Velké Pole. settlement Ciger, Tribe¢ Mts., 55x. 6 — Older generation of calcite rhombs was
dissolved and the voids filled by chalcedony. It represents inclusions in large younger calcite rhombs. Chert from crinoidal-spiculitic Liassic limes-
tone, Cho¢ nappe. Svarin, railroad cut. Nizke Tatry Mts. T. s. No. 7714. 95x. 7 — Younger Fe-dolomite rhombs penetrate in the remnants of corro-
ded calcite rhomb. The same as Fig. 3. T s. No. 7876, 80x. 8 — Crinoidal fragment was syntaxially overgrown into scalenohedron in the course of
chert nodule forming. The water liberated during the dehydratation slightly corroded the scalenohedron surface and a narrow void originated
around it which was finally filled by clear short-fibrous chalcedony. Liassic crinoidal limestone, Niznda Succession of the Pieniny Klippen Belt.

Quarry in the klippe Skalka near Sedliacka Dubovd. T s. No. 17990, 80x.

>
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The calcite rhombs frequently enclose abundant, mostly
liquid inclusions (e. g. Pl. VI, Figs. 5, 6). The rhombs
lack twinning lamellae (a single exception was the big-
gest 1.3 mm rhomb in chert from Liassic limestones,
loc. Svarin). The microquartz aggregate damped the
pressures which caused the twinning of crinoidal plates
in the surrounding crinoidal limestone (Pl. VI, Fig. 1).

Groups of rhombs without mutual contact but with the
same optic orientation occur in facies biancone; they had
to communicate previously through submicroscopic
cracks. Smaller, strong elongated rhombs with trapezoidal
section were noted in the same facies. The most frequent
occurrence of rhombs was noted in biancone facies of Tat-
ric Unit; they occur in thin sections from all 13 speci-
mens and surpassed the size 0.2 mm.

Authigenic apatite and other minerals in chert concretions

Authigenic apatites in cherts were documented already
in an older publication (Misik, 1977, Figs. 22 and 23).
Tiny idiomorphic apatite crystals were found in 41 cases
from all 144 thin sections of cherts (Pl. VII, Figs. 1-6),
then in 28.5 % cases but exclusively from the pelagic fa-
cies representing deep-water limestones of Middle Jurassic
to Albian age. In the Tithonian-Neocomian biancone fa-
cies they occurred almost in a half of thin sections
(21/42). o

The size of crystals rarely surpassed 0.012 mm. The
crystals occur frequently in clusters linked on fragments
of organic matter supplying the phosphorus (Pl. VII,
Fig. 2). They are present not only in black cherts but are
current also in red cherts from the variegated limestones
of Middle and Upper Jurassic age and in the same frequen-
¢y (almost in a half of all specimens, 10/21). These
limestones were deposited in an oxygenated environment
with the destruction of organic matter.

The apatite crystals are absent in cherts from shallow-wa-
ter limestones like crinoidal-spiculitic ones of Liassic-Middle
Jurassic age (with one exception, loc. Pristodolok, Malé
Karpaty Mts.). They were not found even in cherts from
nodular Reifling Limestone and Hallstatt Limestone. The
reason was not the lack of phosphorus in the mentioned
sediments but in the fact, that diagenelic processes except
the really deep-water sediments did not support its con-
centration and crystallization of apatite during the reactive
stage of chert nodule formation.

PL. VI. Carbonate rhombohedra in nodular cherts ~ continuation. 1 — Partly silicified echinoderm plate. The pressure-twinning lamellae are absent

Tourmaline. Rare tiny columns of authigenic tourma-
line up to 0.04 mm in length occurred in Tithonian-Neo-
comian cherts.

Rutile was rarely found in very tiny needles in Titho-
nian-Neocomian cherts and also in those from Middle Ju-
rassic where they were associated with chlorite.

Pyrite is abundant in dark cherts in the form of pigment,
small globules, rarely in crystal-shaped grains up to 0.2 mm.

Hematite was found as imperfect tiny globules within
the sheaf-like chalcedony in cherts from crinoidal limesto-
nes loc. MikuSovce and Manin, probably as a product of
hydrothermal activity. Such a suggestion is based on ana-
logy with similar hematite globules in a spheroid within
the radiolarite, loc. Trstend (Misik et al., 1991, p. 351)
whose hydrothermal nature was supported by the presence
of baryte.

Clay minerals. Very fine flakes of kaolinite are illus-
trated at the electron-microscopic photo (Pl I, Fig. 6)
as well as those of illite and chlorite identified by micro-
probe (Misik, 1973, Fig. 20).

Clastic quartz. Chert nodules from sandy limestones
mostly of Liassic age contain enclosed terrigenous clastic
quartz grains. The englobing microquartz aggregate is in-
different to them. Syntaxial overgrowths never occurred
in spite of their current presence in the same limestone
(Migik, 1995). It testifies once more that authigenic idio-
morphic quartz was formed during the late diagenesis
from the very diluted solutions meanwhile the chert nodu-
les originated in the course of very early diagenesis from
relatively concentrated silica solutions.

Preservation of siliceous and calcareous skeletal
remains in cherts

Radiolarians. Various type of their preservation were
described long ago (Misik, 1973, Fig. 7). Ghosts alter
the radiolarians in cherts are conspicuous as white cercles
(the microquartz filled empty voids after their dissolution)
at the difference to the pigmented, more “dirty” surroun-
ding microquartz mass originating by the micrite replace-
ment. The radiolarian sections can be, eventually. better
distinguished in the polarized light because their voids
contain coarser microquartz comparing with that one of
surrounding mass. The infilling by a single calcite crys-
tal, especially at the contact with the syngenetic veinlets
(Misik, 1973, Fig. 10) was already mentioned, as well as

in the inner syntaxial rim of rhomb aggregate which was isolated by thin coating of silica. Liassic crinoidal biosparite, Cho¢ nappe. Nizny Chmelie-
nec, Nizke Tatry Mrs., 120x. 2 — Rhombohedra with relict porous structure of crinoidal fragments. Chert nodule in an allodapic intercalation of cri-
noidal limestone. Flaki Formation. Aalenian of Kysuca Succession, Klippen Belt. Radola, Orava. T. s. No., 20280, 40x. 3 — Contours of dissolved
calcite rhomb replaced by microquartz. Chert nodule in fluxoturbiditic Murdn Limestone, Hauterivian-Barremian, Krizna (Havran) nappe. Mount
Murdn, Belanské Tatry Mts. T s. No. 7788., 80x. 4 — Remnant of strongly corroded calcite rhomb. Chert nodule in Liassic crinoidal biosparite.
KriZna (Vysokd) nappe. Pristodolok, Malé Karpaty Mts., 50x. 5 — Radiolarian ghost in the calcite rhomb. Chert nodule from Tithonian pelagic
limestones. Tatric Unit. Belanskd valley. Velka Fatra Mts. T. s. No. 6794, 136x. 6 — Calcite rhombs with radiolarian phantoms in their core. Chert
nodule in Neocomian pelagic limestones, Tatra Unit. Podhradskd valley, Velka Fatra Mts. T. s. No 3709, 55x. 7 — Small calcite rhomb in the radio-
larian test filled by brownish sperolitic chalcedony. The external part is preserved as clear short-fibrous chalcedony Pelagic Neocomian limesto-
nes, Manin Unit. Belusské Slatiny, Strazov Mits. T s. No. 3641, 136x. 8 ~ Collomorphic structure of previous silica replaced by a calcite rhomb,
partly corroded during the metamorphic recrystallization (the foliation plane is oriented vertically). Chert nodule in the anchimetamorphosed
Upper Jurassic platy limestone of Tatric Unit (Devin Succession). Quarry underneath the Sandberg near Devinska Novd Ves. Malé Karpaty Mis.

T s. No. 19706, 160x.
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its syntaxial overgrowth to a calcite rhomb (Pl. VI, Fig.
6). Rare internal sediment in the form of framboidal pyri-
te at the bottom of radiolarian void represent a polarity
structure (l. c. Fig. 8). Early replacement of radiolarian
tests by pyrite is very rare.

The selective calcitization of radiolarian test, a very ear-
ly process in chert nodules, was found only in one thin
section (1/144) in contrast to the banded radiolarites whe-
re it is widespread (Misik et al., 1991, Pl. 3, Fig. 6 and
else). Peter¢akova (1990) succeeded in extraction of radio-
larians from the chert nodules of Hauterivian limestones
but she has not mentioned if they were selectively calciti-
zed and after the treatement with HF converted to fluorite.

Silicisponge spicules display similar ways of preserva-
tion. Their central canals are often filled by calcite.

Crinoidal fragments. The silicification proceeded usu-
ally from the microquartz patches inside the plate. Phan-
toms of the original reticulate (porous) structure are often
visible (PI. VIII, Fig. 1). It is an evidence that micro-
quartz accumulation originated by ion-par-ion replacement
and not by dissolution of larger voids. Syntaxial over-
growths by rhombic planes usually preceded the forma-
tion of chert nodule (Pl. VIII, Fig. 2; PI. XIII. Fig. 1).
Another similar case was previously illustrated (Misik,
1993, PI. 2f). On the other hand the scalenohedral over-
growth on the echinoderm plate was realized already in
chert nodule (PI. V, Fig. 8). A considerable part of crino-
idal fragments preserves its calcitic composition inside
the chert (PI. VIII, Fig. 3).

Bivalves. Syntaxial overgrowths in the form of “*dog
teeth™ was realized already in chert (Misik, 1993,
Pl. 2E). Juvenile Bositra shells (“filaments™) used to be
well preserved in cherts (Pl. VIII, Fig. 4).

From other organisms we can note globochets visible
sometimes due to their marginal pigmentation (Pl. VIII,
Fig. 7). Microborings in bioclasts caused by boring al-
gae are especially expressive in red cherts due to their in-
filling by Fe-oxides (Pl. VIII, Fig. 6). Rare foraminifers
are always silicified, except of chitinous linings of their
juvenile stage (see further). In the nodular chert from Bar-
remian-Aptian limestones (loc. Jasenovo) ghosts of sili-
cified orbitolines were ascertained. The fragments of plant
tissue were found only once in a chert from crinoidal
limestones (PI. VIII, Fig. 8).

Microorganisms composed of organic matter in cherts

Chitinous dinocysts, spores Fungisporonites, repre-
sentants of Fungi imperfecti, pollen grains and chitinous
linings of juvenile foraminifers (“microforaminifers”)
were found in chert nodules.

Chitinous dinocysts (Pl. IX, Figs. [1-8) were observed
only in chert nodules from younger limestones since
Middle Jurassic to Albian. They occur most frequently in
dark cherts from Tithonian-Neocomian biancone facies
(11/47), namely in Manin Unit — up to a half of cases
(5/10). They were surprisingly absent in cherts from the
same facies in Kysuca Unit (0/18) where instead of them
only single spores and pollen grains were found (5/18).

The determination of several species are in explications
to the plate IX. Experiments with the separation of dino-
cysts using palynological methods were not successful.
The same negative experience was quoted by Goérka
(1982). The organic matter of dinocysts and spores was at
least partially silicified, impregnated by silica.

The richest and most varied association was found in
black cherts from the Upper Hauterivian — Lower Barre-
mian Muran Limestone belonging to the KriZzna nappe in
Belianske Tatry Mts. The fetid smell accompanying the
hammer blow betrays the bituminous admixture in limes-
tone: Coy — 2.07 %, the share of bitumen — 234 ppm.
Co from the chert was 2.15 %. From these cherts Fungi
imperfecti (Acrasiomycetes) Paleoguttulina muranii Loc-
quin et Misik (Pl. IX, Figs. 9-12, Misik and Locquin,
1983), frequent Fungisporonites (Pl. 1X, Figs. 13 and 14
and “microforaminifers” (Pl. IX, Figs. 18 and 19) were
described. Murdri Limestone is considered to be a fluxo-
turbiditic sediment (Lefeld, 1974; Michalik et al., 1990).

Pollen grains (Pl. 1X, Figs. 15-17) are rare as well as
above mentioned “microforaminifers”, chitinous linings
of juvenile foraminiferal tests. The latter are but abundant
in red Jurassic limestones due to their impregnation by
Fe-oxides (Misik and Sotdk, 1998).

It should be stressed that in thin sections of limestones
enclosing mentioned cherts, no dinocysts or other sporo-
morphs were found in thin sections. They disappeared in
large quantity during the diagenesis what affirms the very
early origin of chert nodules. No thin section from the red
cherts in variegated Middle-Upper Jurassic limestones
yielded any sporomorphs (0/21); well oxygenated envi-
ronment led to their early destruction.

It can be summarized that dark and black chert nodules
formed under the reductioning conditions served as a sui-
table medium for the preservation of organic microfossils.
It is accordant with the well known fact that the oldest
microfossils on the whole were found in the black silicites.

Organic matter in cherts
Four pair samples of cherts and limestones from their

immediate surrounding were analysed from the same Neo-
comian “biancone” facies. The analyses of bitumens were

PL. VIL Crystals of authigenic apatite in chert nodules. | — Authigenic apatites, one idiomorphic crystal in the center, calcite rhomb below it. Chert >
nodule in Middle-Upper Jurassic limestones, Krizna nappe. Sklabinisky Podzamok, Velkd Fatra Mts. T s. No. 4640, 410x. 2 — Newly-formed apatite
crystals around a fragment of organic matter; calcite rhombs below them. On the left a syngenetic calcite veinlet corroded by chalcedony. Chert in
Tithonian limestones, Tatric Unit. Quarry Bralo. Zazrivianska valley, Mald Fatra Mts. T s. No. 4006, 210x. 3 — Idiomorphic apatite in a chert no-
dule from Neocomian limestones. Manin Succession. Quarry near Dobrd, Trencianske Teplice. Strazov Mts. T s. No. 6990, 136x. 4 — Apalite
crystal in a chert nodule from Murdn Limestone. Upper Hauterivian — Lower Barremian. Krizna nappe (partial Havran nappe). Southern wall of
Mt. Murd#, Belianske Tatry Mts. T s. No. 7123. 136x. 5 — Apatite crystals formed around a fragment of organic matter in chert nodule. Neocomian
limestones, Manin Succession. Slopes of Tren¢in castle rock, Strazov Mts. T s. 24115, 48x. 6 — Idiomorphic apatite in a chert nodule. The same

locality as Fig. 4. T. s. No. 12520, 152x.
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carried out by RNDr. V. Sirdfiovd, those of C,q by
RNDr. J. Kotasek (Tab. I. and Fig. 4). The value of C,,
of limestones oscillated between 1.24 and 1.86 %; C,, of
enclosed cherts was always a little smaller: 0.62 to
1.20 %. It is a little surprising because the black colour
of cherts contrasting with light grey limestones suggests
the opinion the cherts ought be richer in organic matter.
No relation in the contents of bitumens of limestones
and their cherts was ascertained (Cy;, of limestones
112-330 ppm, Cy;, of cherts 102-388 ppm). There is not
even any systematic enrichment or impoverishment in the
share of oils, pitch and asphaltenes. The values of asphal-
tenes in limestones varied between 41.4 ppm and 61.5 ppm;
in cherts 47.4-62.5 ppm. Pitch in limestones 5.9-18.9 ppm,
in cherts 8.7-22.8 ppm. Oils in limestones 27.3-52.1 ppm,
in cherts 25.0-39.1 ppm. With regard to the very
early individualization of chert nodules and to the migra-
tion of chemical compounds between limestone and
originating nodule, more expressive differences could be
supposed.

Spectral analyses of samples in pairs (limestone and
belonging chert) show a distinct impoverishment of
cherts in Sr, Mn, Pb against the limestones and on the
contrary an enrichement in Ti, V, B and other elements.
More detailed evaluation of 40 analyses in pairs will be
done elsewhere.

Synsedimentary, pre-chert and post-chert deformations

Small sliding folds in Neocomian limestones with
cherts were found in two localities (Pl. X, Figs. 1-3).
They originated without doubts before the formation of
chert nodules. Only several laminae in them were selecti-
vely replaced by silica. If the silicification took place be-
fore the sliding, they would have been certainly broken in
result of their rigidity compared with that one of more
plastic limestones (see also chapter about veinlets).

Synsedimentary breccias containing fragments of the
older cherts and surrounding limestone in the matrix of
younger chert occur very rarely (loc. Zadné Skalie — Pl. X,
Figs. 4-7). Fragments of nodular cherts were found in
calciturbiditic intercalations within the Triassic limesto-
nes (quarry Polom near Zilina) and within the Neocomian
limestones (monastery Skalka, Manin Succession). Such
post-chert synsedimentary deformations originated as cliff
breccias by seismic activity or by submarine erosion of
lithified calcareous sediments already containing chert

Mineralia Slovaca, 33 (2001)

nodules. Carozzi et al. (1978) described a synsedimentary
chert breccia as tempestite. The cited cases document once
more the very early diagenetic origin of chert nodules.
The redeposition of big rounded nodules of black cherts
into the Urgonian limestones with other coarse-grained
but angular clasts was found in Krivokldt valley as an ex-
ceptional case (Misik, 1990, p. 40). There occur two lar-
ge olistolites there (more than 20 m in lengths) in “Upo-
hlav” conglomerates of Klape Unit. The redeposited
cherts are completely without calcite veinlets at the diffe-
rence from all other chert nodules in Carpathian Meso-
zoic. The heterogenous matrix englobing olistolites pro-
tected them against the crushing by Alpine pressures.

Pre-chert, syngenetic and post-chert cracks (veinlets)

Very early atectonic cracks filled by calcite in the lithi-
fied calcareous sediment, represented an obstacle for the
growth of the nodules and bordered them by straight pla-
nes (pre-chert veinlets — PI. X1, Fig. 5).

Cracks syngenetic with the chert-forming process origi-
nated mainly by dehydratation of silica originally with
high water content (opal-CT). Calcite rhombs frequently
attached on them point out that the nodule was still in a
“reactive stage” at that time (Pl. X1, Fig. 3). Syngenetic
veinlets are mostly of metasomatic nature.

Post-chert calcite veinlets, mostly of tectonic origin,
disturbing already the “mature” chert nodules lack such at-
tached rhombs. They are considerably larger and more
abundant because rigid cherts were fragmented during the
extension at the difference to the more plastic limestones
(PL. XI, Figs. 6 and 7). The post-chert veinlets originated
by the filling of empty space (open crack) in contrast to
the metasomatic nature of syngenetic veinlets.

Effects of slight metamorphism on the form and inner
structure of chert nodules

The anchimetamorphism considerably raised the degree
of crystallization of silica in chert nodules. The change
of almost submicroscopic aggregate of microquartz
(“chalcedony”) in coarse-grained megaquartz mosaic is
conspicuous already in thin sections. The process can be
exactly expressed by crystallinity index of Murata and
Norman (1976). For instance a chert nodule from slightly
metamorphosed Middle-Upper Jurassic limestones from
Tribe¢ Mts. (Tatric Unit, locality Nitra, Pl. XII, Fig. 6)

PL. VIII. Calcareous organisms in chert nodule. 1 — Partly silicified echinoderm plate: in its silicified part (white) phantoms of original porous struc-
ture are visible. Chert nodule in crinoidal limestones of Middle Jurassic. Czorsztyn Succession. Klippen Belt. Mikusovce. T s. No. 9578, 43x.
2 — Syntaxial points overgrew the echinoderm plate sooner than the chert was formed. They were replaced by flaky “chalcedony™ (microquartz).
The silicified echinoderm plate contains abundant calcite inclusions. Chert in the red crinoidal limestones, Liassic, Cho¢ nappe. Predhorie, Strazov
Mts. T s. No. 7243, 48x, crossed polars. 3 — Abundant sections of brachialia pertaining to the planctonic crinoid Saccocoma are preserved in calci-
te. Clear cercles represent ghosts after radiolarians in the microquartz mass. Chert from Kimmeridgean-Lower Tithonian limestones. Pebble from
Albian conglomerates. Klape Succession. Nosice-Ile. T s. No. 6673, 17x. 4 — Chert containing “filament™ microfacies (juvenile shells of Bositra)
in the Norian Hallstat Limestone. Silica nappe, Budikovany. Slovakian Karst. T s. No. 6257. 11x. 5 — Aptychus with syntaxial calcite overgrowths
in a chert from Tithonian limestones. Kysuca Succession, Brodno. T s. No. 5715, 55x. 6 — Traces of boring organisms in the silicified bivalvian
shell are well discernible due to their filling by Fe-oxides. Red chert in Liassic limestones, Cho¢ nappe. Predhorie. Strazov Mts. T s. No. 17883,
45x. 7 = Globochaete preserved in the microquartz mass as a phantom due to the pigmentation along its contours. Chert from Middle-Upper Juras-
sic limestones, Krizna nappe, Cejtach near Smolenice. Malé Karpaty Mts., 136x. 8 — Fragments of plant tissue in the chert nodule from the Middle
Jurassic crinoidal limestones, Czorsztyn Succession, Klippen Belt. Cerveny Kamefi near Pruské, 80x.
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Tab. |
Composition of organic matter in chert nodules and neighbouring Neocomian limestones (pair samples)

Core %0 Ci PPM oils % pitch % asphaltenes % carbonates %
1. Marly limestones, KriZna nappe, limestone 1.33 300.00 37.00 5.90 57.10 65.86
Zazriva Valley, Mala Fatra Mts. — | chert 0.62 388.00 25.00 16.90 58.10 33.20
2. Slightly marly limestone. limestone 1.24 218.00 27.30 11.40 61.30 89.20
the same locality — II chert 1.20 102.00 29.80 22.80 47.40 31.80
3. Limestone, Manin Unit, Dobré limestone 1.74 320.00 52.10 6.40 41.40 95.80
Strdzovské vrchy Mts. chert 0.86 148.00 25.00 12.50 62.50 34.30
4. Slightly marly limestone limestone 1.86 112.00 30.20 18.90 50.90 83.20
Kysuca Unit, Istebné chert 0.81 114.00 39.10 8.70 52.10 5.20

had the crystallinity index CI — 7.6, the wood-grained
chert from Turik (p. 5) only 3.0. Lintnerova and Peter-
¢dkova (1994) quoted from a chert in Neocomian limesto-
ne (Tatric Unit, quarry Bralo, Mald Fatra Mts.) Cl - 3.0.
All mentioned cases proceeded from Central Western
Carpathians.

The values of chert nodules in similar Neocomian li-
mestones {rom the Pieniny Klippen Belt were somewhat
lower: loc. Krivda CI — 1.7 and Rochovica CI — 2.5 (Lint-
nerova and Peler¢akova, 1994). The limestones from
Klippen Belt generally indicate a less intensive thermic
affection than those of Central Carpathian units. The fre-
quency of authigenic feldspars from corresponding limes-
tones of both areas indicate the same (Misik, 1994,
p. 107).

For the comparison purposes an analysis of diagenetic
chert nodule from the platform Oxfordian limestones
from the surroundings of Krakéw CI-1 can be cited (Ma-
tyszkiewicz, 1987). But the epigenetical hydrothermal si-
licification affecting the same limestones along a Tertiary
fault gave values CI —9.2-9.7 (1. ¢.).

It is necessary to add that the recrystallization of the
microquariz aggregate depends not only on the temperatu-
re and pressure but also on its purity. The chert nodules
from Anisian Schreyeralm Limestone can serve as an
example. The most finest aggregate of microquartz is in

areas with the highest concentration of submicroscopical
Fe-pigment which evidently breaks the recrystallization.

Chert nodules in metamorphosed limestones used to acquire
“S” form, e. g. Jurassic limestones of Veporic Unit near Ko-
Sické Hamre (PI. X1, Fig. 1). The recrystallization of quartz
aggregales is well observable in thin section (Pl. XII, Fig. 2).

Calcite rhombs in cherts acquired granulated margins
(Pl. XII, Fig. 5), thin twinning lamellaec may be rarely
formed in them. The rhombs were sometimes reoriented
into the plane of metamorphic recrystallization. They
were destroyed on the corners perpendicular (o the folia-
tion plane and grown up so that they would be elongated
along that plane (e. g. chert in Middle-Upper Jurassic li-
meastones of Tatric Unit near Devinska Novd Ves, Malé
Karpaty Mts., Pl. XII, Figs. 3 and 4).

Whatever formation of new chert nodules during the
metamorphism (anchimetamorphism, epimetamorphism)
is excluded.

Example of chert nodules from pelagic limestones
(Cherts on the Tithonian-Neocomian biancone facies)

Frequences of selected microfacial elements are summa-
rized in Tab. 2.

The majority of thin sections includes also a small part
of surrounding limestone giving the possibility to more

PL. IX. Microorganisms formed by organic matter in chert nodules. 1-8 — Chitinous dinocysts: 1 — Genus Chlaimydoporella Cookson et Eisenack. pp
1958 (determined by H. Gérka, Warszawa) in a black chert nodule, Middle Jurassic of Tatricum, Zazrivianska valley near Pdrnica. Mala Fatra
Mts., 370x. 2 — Oligosphaeridium complex (Whitei), determined by O. Corna. Chert nodule from the pelagic Neocomian limestones. Manin Unit.
Quarry near Dobrd, Trencianske Teplice. T s. No. 2752, 210x. 3 — Chitinous dinocyst. Locality as previous. 210x. 4 — Dinocyst in the chert nodule
from Upper Berriasian-Lower Valanginian limestones. Kysuca Succession of Klippen Belt. Vratec, Hornd Lysd. T. s. No. 20266, 210x. 5 — Dino-
cyst in the chert from Murdn Limestone, Upper Hauterivian — Lower Barremian, Krizna nappe (partial Havran nappe). Southern wall of Mt. Mu-
rdf, Belianske Tatry Mts. T s. No. 7788, 400x. 6 — Dinocyst in chert from Neocomian limestones, Krizna nappe. Podhradskd valley, Velkd Fatra
Mts. T s. No. 3709. 210x. 7 — Cymosphaeridium cf validum Davey. 1982 (determined by P Skupiena. Ostrava) in the chert from Hauterivian li-
mestones with Nannoconus, Manin Unit. Tren¢in. underneath the castle. Strazov Mts. 240x. 8 — Exochosphaeridium cf muelleri Yien. 1981 (de-
termined by P Skupien. Ostrava). The same locality. 625x. 9—12 ~ Fungi imperfecti Paleoguttulina muranii Locquin et Misik. 1983 (Acrasiales) in
the chert nodule from the Murdi Limestone, Upper Hauterivian — Lower Barremian. Krizna nappe, Mt. Murdfi, Belianske Tatry Mts.. 9-T s. No.
12527, 190x. 10-T. s. No. 12520. 190x. 11-T s. No. 5903, 210x. 12-T s. No. 7236, 136x. 13—14 - Fungisporonites from the cherts, locality as pre-
vious: 13-T. s. 7123, 210x. 14-T. s. No. 12527, 190x. 15-17 — Pollen grains: 15 — Ginkho (?) determined by V Sitdr, in the chert nodule from Neo-
comian limestone, Pieniny Succession, Demjata. T s. No. 17374, 400x. 16 — Coniferae, the same locality T s. No. 17374, 400x. Pollen grain from
Coniferae, chert from Norian Hauptdolomite, Cho¢ nappe. Mald Fatra Mts. T. s. No. 3381/71, 138x. 18-20 — "Microforaminifers™ — chitinous li-
ning of juvenile tests: 18 — Biserial microforaminifer: last chamber is already without organic lining in phantom preservation. Chert nodule from the
Murdn Limestone, Upper Hauterivian — Lower Barremian, Murdi Mts., Krizna nappe, Belianske Tatry Mts. T s. No. 6898, 75x. 19 — Chitinous li-
ning of the foraminifer Haplophragmoides aff. concavus (Chapman). The same locality. T. s. No. 12527, 152x. 20 — Chitinous lining of the of ha-

plophragmoidal foraminifer in chert nodule from Upper Tithonian limestones. Pieniny Succession. Elevation point 405.0 near Myjava. T s. No.
19060. 190x.
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Frequency — presence of given microfacial element in a set of thin sections, each covering 40 mm? (biancone facies)

Tatric Unit KriZna nappe Manin Unit  Kys.-Pieniny Unit Total
number of thin sections 13 20 50
Remnants of organisms discernible in cherts
|. radiolarians 12/13 5/6 10/11 20/20 47/50
2. silicisponge spicules 8/13 3/6 9/11 2/20 22/50
3. foraminifers 2/13 - 2/11 1720 5/50
4. echinoderm plates 1/13 - - 3/20 4/50
5. ostracods 1713 1/6 - 1/20 3/50
6. bivalvian fragments - - - 2/20 2/30
7. aptychi - - - 2/20 2/50
8. chitinous dinocysts 3/13 3/6 6/11 - 13/50
9. spores and pollen grains 3/13 2/6 8/11 520 18/50
Mineralogical data:

1. calcite rhombs over 0.1 mm 3/13 5/6 2/11 3/20 23/50
2. their maximum size in mm 0.7 0.5 0.15 0.2 -
3. brown rhombs (Fe-dolomite) over 0.10 mm 3/13 1/6 2/11 - 6/50
4. authigenic apatite 8/13 2/6 a1l 9/20 22/50
5. authigenic tourmaline 2/13 - 1711 2/20 5/50
6. pyrite 713 4/6 8/11 7120 25/50
7. clastic quartz - - - 1720 1/50

detailed stratigraphic attribution: association with Crassi-
collaria — Upper Tithonian, Calpionella alpina — Lower
Berriasian, Calpionellopsis — Valanginian, Hedbergella —
— Upper Hauterivian to Barremian. No one of these orga-
nisms can be discern in the proper chert.

As to the comparison of the microfacies in different
tectonic units, the rarity of sponge spicules in Kysuca-
-Pieniny Unit can be stressed what together with the ab-
sence of chitinous dinocysts can indicate its maximum
depth comparing with the sedimentary area of other units.

The occurrence of carbonate rhombs over 0.10 mm in
all sections from Tatric Unit (13/13) and almost in all
from Krizna nappe (Fatric Unit) up to 0.7 mm is note-
worthy. They were found only in a fifth of thin sections
(max. to 0.15 mm) belonging to Manin and Kysuca-Pie-
niny units. Brown Fe-dolomite rhombs were never corro-
ded, they occur always together with calcite rhombs. The
youngest generation of calcite rhombs is “attached” on
the calcite veinlets.

Chitinous dinocysts (11/50) as well as spores and pol-
len grains (16/50) are symptomatic for biancone facies. It
is surprising that they were not found in any from 20
thin sections of Kysuca-Pieniny Unit. Chitinous linings
of juvenile foraminifers were found only twice (Pl. IX,
Figs. 18-19). Dark colour predominating in cherts from
biancone facies was favorable with regard to the preserva-

tion of organic microfossils (23/50). For the comparison,
it may be quoted that no one from 21 thin sections made
from red cherts belonging to Middle-Upper Jurassic pela-
gic limestones contained them. Evidently, the oxygenic
environment was the cause of their destruction.

Remnant of lepisheres are absent in cherts from bianco-
ne limestones with the exception of their ghosts (PL. IV,
Fig. 10) in several radiolarians (7 from 50 thin sections).
A strong compactions of voids after dissolved radiolarians
is sometimes visible in the surrounding limestones,
meanwhile in cherts their perfect circular sections arc pre-
served (an cvidence of early, pre-compactional origin of
cherts).

Authigenic apatite was ascertained in about a half of
thin sections from black cherts pertaining to biancone fa-
cies (Pl. VII, Figs. 2-6) but also in a half of those made
from red Middle-Upper Jurassic limestones (Pl. VII,
Fig. 1); authigenic tourmaline was found approximately
in one seventh of thin sections pertaining to both catego-
ries. The relation of both minerals to the oxic vs. anoxic
conditions seems to be indifferent.

The cherts from biancone facies possess some special
forms described as “impertect”, “outlined™ and laminated
cherts (p. 2).

All cases of mentioned deformations of cherts (p. 16,
Pl. X, Figs. 1-7) are related to the biancone facies, and

PL. X. Pre-chert and post-chert synsedimentary deformation. | — After the synsedimentary deformation in the form of small fold the selective silici-
fication of several laminae with structure more favourable for the migration of silica solutions took place. Neocomian limestones. Manin Succession.
Abandoned quarry in klippe Butkov, between Belugské Slatiny and Mojtin. Polished section. natural size. 2 — Chert nodule originated in a small syn-
sedimentary fold. Once more silicification affected only certain laminae making expressive the deformation structure of the submarine slide. Neo-
comian limestones, Kysuca Succession, Pieniny Klippen Belt. Istebné, near the cemetery. Polished section, natural size. 3 ~ Partial chert nodule in
convolute bedded sediment from submarine slide. Neocomian marly limestone. Kysuca Succession, Demjata, pit quarry. Polished section. natural
size. 4 — Synsedimentary fragmented chert (white angular clasts) partially engobed by younger silica accumulation (grey) in the Neocomian limes-
tone. Kysuca Succession (Hornd Lysa variety). Quarry Zadné Skalie near Kyjov T.s. No. 18335, 20x. 5 — As previous, 40x. 6 — Synsedimentary
fragmented chert nodule. Its clasts with ghosts of radiolarians were deposited in the limy mud. Locality as previous, 48x. 7 — Synsedimentary chert
breccia. Fragments from older nodule (white) in the lower part of photo are surrounded by partly silicified matrix (grey — younger silica phase) or

by micritic limestone (dark). As previous, 30x.

>



M Mi<ik- Anaromy of cherr nodules in Mesozoic lunesiones tWesiern Carpathians)




334 Mineralia Slovaca, 33 (2001)

also all types from described synsedimentary veinlets oc-
curred in it (p. 16). A further type “framed veinlet” (loc.
Zadné Skalie) can be added now: both margins of a crack
are bordered by short-fibrous quartzy and the central part
filled by an aggregate of calcite grains. A single case with
“chalcedony™ veinlets continuing from the chert into the
limestone was connected with the submarine slide at the
locality Istebné (PI. X, Fig. 2). An analogic case repre-
sents early tensional cracks filled by tiny cherts (Pl. XI,
Fig. 5).

Example of chert nodules from the shallow-water lime-
stones (cherts from the crinoidal Liassic — Middle
Jurassic biosparites)

The frequency of microfacial elements from 17 thin
sections of cherts from various localities:

echinodermplates . ................. 17/17
silicisponge spicules ... .......... ... 13/17
foraminifers . .......... ... .. .. .. ... 8/17
ostracods .. ... ... 8/17
bivalves . ... ... .. 6/17
traces of boringalgae . ................ S5/17
brachiopods . ......... ... .. .. .. ..., 3/17
bryozoans . ........ ... 3/17
“filaments™ (juvenile Bositra) . .......... 2/17
echinidspine . ..................... 1/17
sheaf-like chalcedony .. ............... 8/17
remnants of lepispheres ... ............ ST
calciterhombs .. ... ... ... .. .. .. ... 5/17
Fe-dolomite rhombs . ... ... .. .. ..., 4/17
annular-concentric structures ... ......... 3/17

microstylolites .. ...... .. ... ... ... .. 1/17
authigenic apatite

The source of silica yielded evidently silicisponge spi-
cules, well visible in most thin sections and in remaining
ones the same source is supposed. Clastic quartz is pre-
sent in the majority of specimens. Its grains were never
syntaxially overgrown.

Echinoderm plates in cherts are partially or totally sili-
cified. Even in such cases, they can be easily identified in
polarized light because they are formed by the finest-grai-

ned microquartz (chalcedony s. 1.). The plates were repla-
ced sometimes by oriented, very short fibres with the sa-
me extinction as calcitic relicts of plates (partial epitaxial
silicification). Phantoms of porous (“sieve”) structure of
crinoidal plates are frequently observable in red-coloured
cherts due to the submicroscopical pigment. Fe-oxides
penetrated into empty plates immediately after their depo-
sition. Calcite relicts of plates in cherts without red pig-
mentation have their pores filled by microquartz. It is an
indication that the formation of chert took place frequen-
tly before the cementation of plate pores by syntaxial cal-
cite. If the syntaxial overgrowths with crystal shape were
formed before the silicification, they would be even better
silicified than the original plates (Pl. VIII, Fig. 2; PL
X1V, Fig. 1). The cases of syntaxial overgrowing 1o sca-
lenohedral crystals synchronous with the origin of cherl
nodules were already described (p. 10, PL. V, Fig. 8). As
to the calcite rhombs it is useful to note that they were
never formed inside the plates but only in the matrix.

In several silicified crinoidal plates the very tiny
rhombs (about 0.007 mm) with high index of refraction
are present; they are but missing in non-replaced calcite
plates. They represent tiny grains of microdolomite for-
med by disintegration of solid solution of MgCO; in
CaCOj (Leutloff and Meyers, 1984).

By the partial silicification the microquartz aggregate
formed patches inside the echinoderm plates. Phantoms of
porous structure can be sometimes observed in them (Pl
VIII, Fig. 1). Then, the patches do not represent the fil-
ling of voids originated by the dissolution but a replace-
ment ion-par-ion.

The crinoidal plates in cherts preserved as calcite were
never twinned what points to an early origin of nodules;
microquartz aggregate protected the calcite crystals during
the tectonic pressure.

Structure with small concentric rings of regular (Pl
X1V, Fig. 3) or slightly deformed form (Pl. XIV, Fig. 5)
occurred three times in chert nodules from crinoidal li-
mestones. They belong to self-organized structures simi-
lar to ““beekite” — rhythmic rings originated by the silici-
fication of belemnite rostra and oyster shells (MiSik,
1995, PL. 111, Figs. | and 2). The silicisponges were the
source of silica capable to produce such structures in the
mentioned cases as well as in the crinoidal limestones.
They are missing in pelagic Jurassic-Cretaceous limesto-
nes where the cherts were produced by radiolarians.

PL. XI. Pre-chert, syngenetic and post-chert cracks (veinlets). I — A part of chert nodule (clear) in the radiolarian biomicritic limestone (dark) was
limited by pre-chert calcite veinlets. They formed a barrier for migrating silica solutions. Other parts of nodule possess confused contours (left down).
Neocomian limestone, Manin Succession, Butkov quarry, Strazov Mts. 23x. 2 — A part of the chert (clear) is sharply separated by pre-chert
calcite veinlet, originated before the chert nodule accumulation. Upper Berriasian-Valanginian limestone, Kysuca Succession. Vrsatec. Hornd
Lysd. T. s. No. 18415, 13x. 3 — Veinlet covered with calcite rhombs (pearl-string type) is syngenetic with chert nodule formation. Ghosts of radio-
larians are preserved in calcite aggregate but missing in the chert. Tithonian limestone, Kysuca Succession, Kozinec near Zazriva. 43x. 4 — Synge-
netic metasomatic calcite veinlet cuts the chert nodule. The grey colour of syngenetic veinlets is caused by abundant silica inclusions. The veinlet
contains voids after radiolarians filled by calcite, in surrounding chert they are filled by chalcedony (white). Upper Berriasian — Valanginian, Ky-
suca Succession. VrSatec, Hornd Lysd. T s. No. 20266, 30x. 5 — Pre-chert tensional cracks oblique to lamination were formed in semi-consolida-
ted sediment. They were filled by migrating silica solutions as tiny cherts. Upper Tithonian limestone, Cho¢ nappe, Sipkovsky Hdj near Krajné,
Cachtické Karpaty Mts. Polished section. natural size. 6 — Extensional parallel calcite veinlets limited almost exclusively on the chert due to its dif-
ferent rigidity from limestone. Neocomian limestones. Krizna nappe. Hradské valley near Podhradie. Velka Fatra Mts. Polished section, natural size.
7 — Subparallel calcite veinlets limited on the chert nodule (post-chert veinlets). Albian limestone, Krizna nappe (Beld Succession). Cierna Lehota,

Strazov Mts. Polished section, 2x.
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Fig. 4. Composition of organic matter in chert nodules and surrounding limestones (four

pair samples; see in the text).

Sponge spicules in crinoidal limestones are predominan-
tly thick, monaxone, filled by short-fibrous chalcedony
s. s. (Iength-fast chalcedony). Central canals are preserved
only if they were filled by red oxides. Structure and con-
tours of silicified bivalves in cherts used to disappear enti-
rely but algal microborings filled by red Fe-oxides betray
their existence (Pl. VIII, Fig. 6). Rare ostracodes (always
silicified) nodosarid foraminifers (mostly silicified), excep-
tionally agglutinated encrusting foraminifers, fragments of
bryozoans and tereratulid brachiopods were encountered.

Remnants of lepispheres occurred about in the third of
thin sections, sometimes transformed in calcite micro-
globules.

Microstylolites probably preceding the silicification
occurred only once (Pl. X111, Fig. 6).

Summary and conclusions

Chert nodules in Western Carpathians occur in limesto-
nes from Anisian up to Albian age. Radiolarians were the
principal source of silica for deep-water pelagic limesto-
nes, meanwhile silicisponges furnished silica for cherts in
shallow-water limestones. Chert nodules are missing in
shallow-water environments such as Anisian Gutenstein
Limestone, penecontemporaneous Triassic dolomites, 00-
litic limestones (Rhaetian, Upper Jurassic), Eocene num-

mulitic limestones, Badenian red-algal li-
mestones. Cherts are antagonistic to bio-
thermal facies such as Wetterstein Limesto-
ne or Paleocene Kambiihel Limestone.

Chert possess various forms and struc-
tures, some special types being “imperfect
cherts” (Fig. 1), “outlined cherts”, origina-
ted by centrifugal diffusion (Fig. 2), brec-
ap| ciated cherts (Pl X, Figs. 4-7); from the
self-organized structures the “wood-grained
cherts” were thoroughly studied (Pl I1I),
less the aggregates of small rings (Pl. XIII,
Figs. 3-5). The form of cherts can be limi-
ted by juvenile pelecypods and early
pre-chert veinlets which acted as obstacles
for diffusion (Pl. II, Fig. 1; Pl. XI, Figs. |
and 2). The volume of cherts in a bed can
be evaluated planimetrically from the photo
of the outcrop.

Several types of transition zones were
described (Pl. 1I). Peculiar zones like Bx
consisting of newly-formed coarse-grained
calcite aggregate and “sieve structure” of
dendritic calcite grains (Pl. II, Fig. 3) are
noteworthy.

Frequent remnants of lepispheres in no-
dular cherts (Pl. IV) are surprising. They
show that the opal-CT was a common tran-
sitional stage from opal-A to microquartz.
The preserving of lepisphere globules was
rendered possible mostly by their selective
replacement by calcite or by their closing
in early formed calcite rhombs.

Carbonate rhombohedra originated by recrystallization
of the micrite remnants during the silica replacement of
limestone. They are one of the most conspicuous features
in the thin sections of cherts (Pl. V=VI). The cherts from
limestones contain always calcite rhombs sometimes ac-
companied by Fe-dolomite rhombs. Chert in studied dolo-
mites possess always dolomite rhombs. Several genera-
tions of rhombs and their various diagenetic changes can
be checked (e. g. dissolution voids in form of “negative
rhombs”, their casual filling by silica, corroded rhombs
with overgrowths of different chemical composition etc.).
Peculiar cases represent scalenohedra overgrowing the
echinoderm fragments (Pl. V, Fig. 8) during the chert for-
mation; they were slightly corroded by water liberated in
the course of silica dehydratation.

Surprising are the tiny apatite crystals (Pl. VII) in cherts
from the deep-water limestones. They were found almost
in the half of the studied thin sections (22/50) of “*bianco-
ne” Tithonian-Neocomian limestones. Tiny columns of
authigenic tourmaline are much more rarer in them.

There are many ways of preserving of radiolarians or si-
licisponge spicules in cherts. The selective calcitization of
undissolved radiolarians is almost missing in chert nodu-
Jes in contrast to its wide distribution in radiolarites. Echi-
noderm plates in cherts can be preserved in calcite, but
their silicification is much more frequent. Phantoms of re-

O—>»e-~

Be— ]~




M Misik Anatomy of chert nodules in Mesozoe lunesiones (Western Carpatlians)

PL XIIL Chert nodules affected by anchimetamorphism. 1 — Chert nodules displaying “S™ deformations (pointed ends) in anchimetamorphosed
Middle Jurassic limestones, Veporicum. Road-cut near the Ruzin dam, former mouth of brook Beld, N from Ko3ické Hamre. Cierna Hora Mts.
2 — Detailed folding of the chert nodule. The segregation of clay admixture from the microquartz aggregate; radiolarian ghosts on the right. The
same locality. T. s. No. 8747, 43x. 3 — Calcite rhombs recrystallized and elongated along the foliation plane. Anchimetamorphosed platy limesto-
nes. Middle-Upper Jurassic, Tatricum (Devin Succession). In the middle there is a phantom of metacolloidal structure in the calcite rhomb (magni-
fied on the PI. VI, Fig. 8). Abandoned quarry underneath the Sandberg near Devinska Novéd Ves. Malé Karpaty Mts. T. s. 20315, 60x. 4 — The sa-
me locality, 60x. 5 — Corroded and recrystallized calcite rhomb in the chert from anchimetamorphosed Upper Jurassic limestones. Tatricum,
Tribe¢ Succession. Nitra — calvary, Tribe¢ Mts. T. s. No. 15054, 80x. 6 — The same in the polarized light. The rhomb lost its monocrystal nature.
microquartz aggregate is coarse-grained. Index of crystallinity after Murata and Norman (1976) Cl = 7.6, As previous.
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ticulate (porous) structure are the evidence of an ion-par-
-ion replacement (PI. VIII, Fig. 1). Syntaxial overgrowths
can be syngenetic (Pl. V, Fig. 1) or of pre-chert origin
(PL. VIII, Fig. 2). The overgrowths on bivalvian shells in
the form of dog-teeth were also syngenetic with cherts.

Microorganisms consisting of organic matter are note-
worthy presented especially in black cherts and missing
in the surrounding limestones: chitinous dinocysts
(PL. IX, Figs. 1-8), Fungi Paleoguttulina muranii
(Pl IX, Figs. 9-12), Fungisporonites (Pl. IX, Figs. 13
and 14), chitinous linings of juvenile foraminifers (“mic-
roforaminifers” — Pl. IX, Figs. 18-20) and pollen grains
(PI. IX, Figs. 15-17). Fossils formed by organic matter
are but absent in red cherts in result of their well oxyge-
nated conditions.

For the first time a comparative study concerning quanti-
ty of C,, and bitumens in four pair samples (black cherts
and their surrounding limestones) was carried out (Tab. ).
The value of C,, in limestones oscillated between
1.24-1.86 %, in enclosing cherts it was a little smaller:
0.62-1.20 %. Not any clear relation between the bitumens
in limestones C,;, 112-330 ppm and in cherts Cy
102-380 ppm was found. There was not any systematic
enrichment or impoverishment even in the share of oils,
pitch and asphaltens (Tab. | end Fig. 4). Spectral analyses
show a distinct impoverishment of cherts in Sr, Mn, Pb
against limestones and enrichment of cherts in Ti, V, B.

Among the synsedimentary deformations both cases
were enregistered: pre-chert deformations (cherts were for-
med in limestones after the origin of slide folds (Pl. X,
Figs. 1-3) and post-chert deformations represented by
synsedimentary limestone breccias containing fragments
of chert and chert breccia with fragments of an older gene-
ration cemented by silica of a younger generation (Pl. X,
Figs. 4-7).

Pre-chert veinlets of very early origin are rare (Pl. XI,
Figs. I and 2). Dehydratation cracks — veinlets syngenetic
with chert nodule formation are abundant. Calcite rhombs
frequently attached on them originated in so-called “reacti-
ve stage” of nodule rich in water content (Pl. XI, Fig. 3).
The majority of post-chert cracks is of tectonic origin.
These extension veinlets are much more abundant in
cherts than in the surrounding limestones (Pl. XI, Figs. 6
and 7) what was conditioned by the difference of rigid sili-
cites and plastic limestones.

The effects of the anchimetamorphism on chert nodules
were studied only superficially. The degree of crystallinity
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(index of crystallinity CI after Murata and Norman, 1976)
was clearly elevated in a sample of chert from slightly
metamorphosed limestone loc. Nitra ClI = 7.6. Cherts
from Klippen Belt with minimal thermic affection had
Cl = 1.7 and 2.5, cherts from limestones in “pre-meta-
morphic stage™ of Central Carpathians had CI = 3.0 and
3.0. Chert nodules in metamorphosed complexes used to
acquire “S” form (Pl. XII, Fig. 1), the rhombs in them
are corroded and partially reoriented into the plane of me-
tamorphic recrystallization (Pl. XII, Figs. 3 and 4).

Frequencies of microfacial elements in thin sections
from two contrasting environments: pelagic Tithonian-Neo-
comian limestones (a set of 50 thin sections — Tab. 2)
and those from shallow-water Liassic—Middle Jurassic
crinoidal biosparites (a set of 17 thin sections — Tab. 3)
are commented in the closing chapters.

Timing of chert origin. The lack of chert nodules in
the recent sediments (the youngest cherts from carbonate
facies are from Miocene — Rio, 1982) is a serious handi-
cap. It might seduce us to a faulty conclusion that they
are the very late diagenetic products. In fact their missing
is caused by a lesser amount of siliceous organisms in ac-
tual sediments. It is very probable that besides the favo-
rable physico-chemical conditions of environment the cer-
tain minimal concentration of siliceous organisms was a
prerequisite to start an accumulation of silica nodules. If
the abundance of radiolarians surpassed a higher limit,
banded radiolarites were formed. Sometimes there are tran-
sitory features provoking incertainity in our differentia-
tion of radiolarites and cherty limestones.

Radiolarites are synsedimentary products. The primary
precipitation of silica is provable also by frequent selecti-
ve calcitization of undissolved radiolarian tests, by small
undisturbed sliding folds in radiolarites. There are frequent
compactional deformations of voids after radiolarians, mean-
while in chert nodules their sections are always circular.

Early diagenetic origin of cherts can be proved by spo-
radic brecciated cherts (fragments of older silica phase ce-
mented by younger silica phase in limestones), by com-
mon preservation of chitinous microorganisms missing
in the surrounding limestones, the voids after dissolved
radiolarians were still mostly empty during the chert no-
dule formation etc. The centripetal growth of nodules was
governed by concentration gradient caused by local dise-
quilibrium (mostly unidentified “nucleus™). Rare cases of
centrifugal migration lead to formation of so-called “con-
tour cherts” (Fig. 2). An exceptional phenomenon some-

Pl. XIII. Cherts in crinoidal limestones. | — Silicification is younger than the syntaxial pointing overgrowths on the crinoidal plates: they were re-
placed by fibrous silica. Chert in Liassic crinoidal limestone, Manin Succession. Manin Gorge, Strazov Mts. 48x. 2 — Chert in crinoidal limestones.
Fragments of crinoids are still mostly of calcite, matrix is partly formed by chalcedony spherolites. Former void in the center is filled by druzy
quartz. Liassic limestones, Cho¢ nappe. quarry in Rubaninské valley near Hrusové. Cachtické Karpaty Mts. T s. No. 11487. 40x, crossed polars.
3 — Small concentric silica rings (self-organized structure) in a chert from Liassic-Middle Jurassic crinoidal limestone. Pebble from the Cenoma-
nian-Turonian conglomerates of Klape Unit, Peri-Klippen Zone. Krivd. T. s. No. 94. 80x. 4 — Irregular rhythmic self-organized structure in a chert
nodule from red crinoidal Liassic limestones. Cho¢ nappe. Predhorie near Povazskd Bystrica. Strdzov Mts. T. s. No 7243, 270x. 5 — The same
structure with tendency to hexagonal forms. Chert in crinoidal-bryozoan biosparite, Liassic-Middle Jurassic (eventual hydrothermal silicification ?).
Pebble from Cenomanian-Turonian conglomerates. Klape Unit, Oravsky Podzamok-1-o. T s. No. 8945, 136x. 6 — Red chert with microstylolites
in crinoidal Liassic-Middle Jurassic limestones, Krizna nappe (Vysokd Succession). Majdédn near Smolenice, Malé Karpaty Mts. T s. No. 10327,
30x. 7 — A single case of “zebraic chalcedony™ (helical twisting of the crystallographic c-axes about the fibre axis) found among the chert nodules
in Western Carpathians. It filled a void in chert (the central part is a druzy megaquartz aggregate) in the Norian Hallstatt Limestone. Silicicum,

Silickd Brezovd, Slovakian Karst. T. s. No. 6250, 14x. crossed polars.
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what enigmatic up till now was the periodic oscillation
leading to self-organized structures in cherts (PI. I1I).

The nodule was in early diagenesis during its growth in
a highly reactive stage. The microquartz was preceded by
opal-CT as testified common remnants of lepispheres (PI.
[V). The replacement of calcite by silica was sometimes
ion-par-ion process what is visible from ghosts of porous
structures in crinoidal plates (Pl. VIII, Fig. 1). In rare ca-
ses larger parts were firstly dissolved and filled by micro-
quartz aggregate. Silica caused the recrystallization of
micrite relicts in future chert nodule forming characteris-
tic carbonate rhombs and coarse-grained calcite aggrega-
tes. During this “reactive stage™ the conditions (pH) chan-
ged several times, calcite rhombs were frequently corroded
and again syntaxially overgrown or dissolved and voids
after them eventually filled by silica, dehydratation cracks
filled by calcite or chalcedony and mutually replaced by
both minerals. In the reactive stage also other minerals li-
ke apatite (Pl. VII) and tourmaline were formed. Crinoidal
plates in cherts lack the pressure twinning.

During the late diagenesis the cherts were already stabi-
lized, the above-mentioned processes ceased. Instead of de-
hydratation veinlets, only extensional (tectonic) veinlets
originated. Meanwhile the growth of chert nodules was
realized by relatively concentrated silica solutions and the
clastic quartz grains closed in them were never syntaxially
overgrown, in the course of late diagenesis the very dilu-
ted silica solutions moved through the limestones and
authigenetic idiomorphic quartz crystals precipitated.
Such crystals are sometimes frequent in the neighbourhood
of chert nodules.

The isotope analyses could not be carried out, therefore no
speculation about the nature of solutions will be done. Only
a short comments to the theory of Knauth (1979). The aut-
hor postulated the origin of chert nodules by direct precipita-
tion of quartz. Abundant demonstrations of lepispheres rem-
nants in our material are in contradiction with it. He also re-
quired the mixing of marine with fresh-water for the forming
of chert nodules. The most abundant cherts in Western Car-
pathians within the deep-water Neocomian limestones (bian-
cone facies) were formed from marine pore waters, surely
without any admixture of fresh water. Their complex could
not be emerged before Upper Cretaceous when the cherts
were already a very long time after their reactive stage.
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Anatémia rohovcovych hltiz z vapencov mezozoika Zapadnych Karpat

Rohovcové hluzy sa v Zdpadnych Karpatoch vyskytujui vo
vdpencovych telesdch od aniského az do albského veku.
V pelagickych vdpencoch boli ich hlavnym zdrojom rddiold-
rid a v plytkovodnych silicispongie. Rohovcové hluzy chy-
baji v extrémne plytkovodnom prostredf, v akom sa tvoril
napr. gutensteinsky vdpenec, penekontempordnny triasovy
dolomit, ooliticky védpenec (rét a sarmat), mikroonkoidovy
vdpenec (lias a malm), eocénny numulitovy vdpenec a lito-
tamniovy vdpenec bddenu. Rohovce sd antagonistické bio-
hermnym fdcidm, ako je wettersteinsky vdpenec alebo paleo-
cénny kambtihelsky vdpenec.

Rohovce maju rozli¢ni formu a Struktiru. Medzi niektoré Spe-
cidlne typy patria napr. ,,nedorobené rohovce™ (obr. 1), ,,0bry-
sové rohovce™, ktoré vznikli centrifugdlnou difdziou (obr. 2).
Z tzv. samoorganizovanych $truktir sa podrobne $tudovala ,,dre-
vozrnnd Struktdra® (,,wood-grained structure'; pl. 11I), v men3ej
miere agregdty malych koncentrickych prstencov (pl. XIII, obr.
3, 5), brekciovité rohovcee (pl. X, obr. 4-7) atd. Tvar rohovcov
modzu obmedzovat juvenilné lastirniky alebo ranné, predrohov-
cové Zilky, ktoré boli prekdzkou diftizie (pl. I, obr. I; pl. XI.
obr. 1-2). Celkovy objem rohovcov vo vdpencovej vrstve
moZno zistit planimetricky z fotografie odkryvu.

Opisalo sa niekolko typov prechodnych zén z vdpenca do
rohovca (pl. II). Osobitnou je napr. zéna B, ktord tvorf
novovykryStalizovany hrubozrnny agregdt kalcitu (pl. II,
obr. 2), a pozoruhodnou je aj ,,sitovitd Struktdra®™ z dendritic-
kych zrn kalcitu (pl. 11, obr. 3).

Prekvapujice su casté relikty lepistér v rohovcovych
hluzdch (pl. IV), ktoré dokazujd, Zze opdl CT bol beZznym pre-
chodnym Stddiom od opdlu A do mikrokremena. Relikty le-
pisférovych globuliek sa zvd&sa zachovali vdaka ich uzavre-
tiu do rannovznikajicich kalcitovych klencov.

Karbondtové klenteky vznikali rekrystalizdciou mikrito-
vych reliktov pri zatla¢ani vdpenca roztokmi SiO,a sd naj-
ndpadnejSou &rtou vo vybrusoch rohovcov (pl. V-VI). Ro-
hovce z vdpenca vidy obsahuji kalcitové klence, niekedy
sprevddzané klencami Fe dolomitu. Rohovce zo Studovanych
dolomitovych telies mali vzdy dolomitové klenceky. Roz-
If3ilo sa viac generdcii klenéekov a opisali sa ich pocetné
diagenetické zmeny (napr. dutinky po vylihovanych klence-
koch v podobe negativov klencov, ich pripadné vyplianie
mikrokremenom, kordzia klencov a ich opdtovné syntaxidl-
ne dorastanie karbondtom odliného chemického zloZenia
atd’). Osobitnym pripadom je dorastanie echinodermovych
tlomkov do skalenoédrov (pl. V, obr. 8) pocas tvorby ro-
hovca: boli slabo korodované vodou uvolnenou pri dehydra-
tdcii akumuldcie SiOs.

Prekvapujica je pritomnost apatitovych kryStdlikov (pl.
VII) v rohovcoch z hlbokovodného vdpenca, ktoré sa nasli
takmer v polovicr skiimanych vybrusov (22/50) z rohovcov
fdcie biankone ((itén — neokém). Drobné stipéeky autigén-
neho turmalinu su v nich ovela zriedkavejsie.

Spdsobov zachovania rddioldrii a spikul silicispongii
v rohovecoch je vela. Selektivna kalcitizdcia schrdnok rddio-
ldrif neporusenych rozptstanim sa takmer nikdy nevyskytuje
v rohovcovych hluzdch, ale v rddiolaritoch je ¢astd. Echino-
dermové ¢lanky sa v rohovcoch méZzu zachovat v podobe
kalcitu, no ich silicifikdcia je ovela ¢astejSia. Fantomy po-
rovite Struktiry v silicifikovanych ¢ldnkoch potvrdzuji za-
tld¢anie typu i6n za i6n (pl. VIII, obr. |). Syntaxidlne obras-
tanie ¢ldnkov moZe byt syngenetické s tvorbou rohovca (pl.
V, obr. 8) alebo predrohovcové (pl. VIII, obr. 2). Syngene-
tické je aj obrastanie typu ,psich zubov' (dog teeth) na las-
tirnikoch.
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Mikroorganizmy, ktoré tvori organickd hmota, si pozoru-
hodne zastipené najmi v ¢iernych rohovcoch, ale takmer
vidy chybaji v okolitom vdpenci: chitindzne dinocysty
(pl. IX, obr. 1-8), huby Paleoguttulina muranii (pl. 1X, obr.
9-12), Fungisporonites (pl. IX, obr. 13—14), chitinovd vys-
tielka juvenilnych schrdnok foraminifer (,,mikroforaminife-
ry*, pl. IX, obr. 18-19) a pelové zrnd (pl. IX, obr. 15-17).
Ale mikrofosilie z organickej hmoty (okrem ,,mikroforami-
nifer'*) chybaju v ¢ervenych rohovcoch, a to pre dobre oxido-
vané prostredie.

Po prvy raz sa porovndval obsah C,,, a bitimenov v Sty-
roch pdrovych vzorkdch (rohovee a okolity vdpenec — tab. 1).
Hodnota C,,, vo vdpenci oscilovala medzi 1.24-1.86 %
a v uzatvdranych rohovcoch bola o nie€o nizsia (0.62—1.20 %).
Medzi bitdimenmi vo vdpenci (Cy,, 112-330 ppm) a v rohov-
coch (Cy, 102-380 ppm) nie je zretelny vztah. Nijaky sys-
tematicky rast alebo pokles v zastipeni olejov, asfalténov
a smoly sa nezistil (tab. | a obr. 4). Spektrdlna analyza preu-
kdzala pokles Sr, Mn a Pb v rohovcoch oproti vdpencu a rast
obsahu Ti, V a B v nich.

Zaregistrovali sa predrohovcové synsedimentdrne defor-
mdcie (rohovcee sa vo vdpenci tvorili aZ po vzniku sklzovych
vrds, pl. X, obr. 1-3), ako aj porohovcové detormdcie, ktoré
reprezentujd synsedimentdrne vapencové brekcie obsahujice
tlomky rohovcov, a rohovcovd brekcia s tlomkami starsej
generdcie tmelenym kremitym materidlom mladsej generdcic
(pl. X, obr. 4-7).

Predrohovcové Zilky velmi raného pdvodu su zriedkavé
(pl. XI, obr. 1, 2). Dehydrata¢né Zilky syngenetické s tvor-
bou rohovcovej hluzy st naopak hojné a byvaji na nich pri-
chytené kalcitové klenéeky, pretoZze vznikali eSte v tzv.
reaktivnom $tddiu hluzy bohatej na vodu (pl. XI, obr. 3).
Tieto extenzné Zilky su ovela hojnejsie v rohovcoch ako
v okolitom védpenci (pl. XI, obr. 6), ¢o spdsobila odli§nd
rigidita silicitov a plastickejsieho vdpenca.

Uc¢inok anchimetamorfdzy na rohovcové hluzy sa skiima-
li iba okrajovo. Stuperi krystalinity (index kry$talinity CI
podla Muratu a Normana, 1976) je zretelne vy3sf v rohovci
z0 slabo metamorfovaného vdpenca lokality Nitra (CI = 7.6).
Rohovce z bradlového pdsma, ktoré boli termicky postihnu-
€ iba minimdlne, mali CI = 1.7 a 2.5, rohovce z vdpencov
v ,predmetamorfnom® $tddiu z centrdlnych Karpdt 3.0 a 3.0.
Rohovce z metamorfovanych komplexov &asto nadobudli
esovitd formu (pl. XII, obr. 1), klen¢eky v nich boli korodo-
vané a sCasti reorientované do roviny metamorfnej folidcie
(pl. XII, obr. 3, 4).

V zdvere¢nych Castiach sa porovndvaju mikrofacidlne prvky
z vybrusov rohovcov dvoch kontrastnych prostredi — z pela-
gickych titénsko-neokémskych vdpencov (sada 50 vybru-
sov, tab. 2) a z plytkovodnych liasovo-dogerskych krinoi-
dovych biosparitov (sada |7 vybrusov, s. 22).

Vznik rohovcov sa datuje velmi tazko. Chybanie rohov-
covych hliiz v recentnych sedimentoch (najmladsie rohovce
z karbondtovych fécif si zndme z miocénu, Rio, 1982) zne-
moziiuje pri rieSenf otdzky ich vzniku vyuzit princip aktua-
lizmu, ¢o by mohlo zvadzat k chybnému zdveru, 7e rohovce
su azda neskorodiagenetickym produktom. V skuto¢nosti
ich absenciu spdsobilo mensie mnoZstvo kremitych orga-
nizmov v sticasnych sedimentoch. Je velmi pravdepodobné,
Ze ur€itd minimdlna koncentrdcia kremitych organizmov
v sedimente je jednym z predpokladov na zacatie akumuldcie
SiO, vedicej k tvorbe rohovcovych hldz. Ak hojnost rddio-

ldrii prekroc¢ila vy38iu medzu, tvorili sa vrstvovité radiola-
rity. Niekedy md vyslednd hornina prechodné ¢rty vyvola-
vajuce neistotu v odliSovani rddiolaritov a rohovcového
vdpenca.

Rédiolarity st synsedimentdrne produkty. Ich primdrne
vyzraZzavanie signalizuje Castd selektivna kalcitizdcia eSte
neporusenych schranok rddiolarif. V ilovitych rddiolaritoch
st hojné kompakéné deformdcie dutiniek po rozpustenych ra-
dioldridch, kym v rohovcovych si v hluzdch ich prierezy
vzdy okrtuhle.

Rannodiageneticky vznik rohovcovych hliz dokazujui aj
sporadické brekciovité rohovce (lilomky starSej fazy rohov-
ca tmelené mlad3ou silicifikaénou fdzou vo vdpenci), beZiné
zachovanie chitinéznych mikroorganizmov chybajtcich
v okolitom vdpenci; dutinky po rozpustenych rddioldridch
boli pocas tvorby rohovcovej hluzy zvid¢sa este prdzdne
atd. Centripetdlny rast hliz bol ovlddany koncentra¢nym
gradientom spdsobenym lokdlnou nerovnovahou (zvidcsa
neidentifikovatelné ,jadro™). Zriedkavé pripady centritugdl-
nej migrdcie viedli k tvorbe tzv. kontidrovych rohovcov
(obr. 2). Vynimoénym a doteraz nie dokonale vysvetlenym
javom st periodické oscildcie tvoriace samoorganizované
Struktiry v rohovcoch (pl. III).

Pri raste v ranej diagenéze bola hluza vo vysoko reaktiv-
nom stave. Kry$talizdcii mikrokremeria predchddzal opal CT,
o ¢om svedcia Casté relikty lepisfér (pl. IV). Roztoky SiO,
niekedy kalcit zatld¢ali procesom ién za i6n, ¢o dokazuju
fantémy pdrovitej Struktiry krinoidovych ¢lankov (pl. VIII,
obr. 1). V zriedkavejsich pripadoch sa najprv vylihovali
vi¢sie Casti a potom ich vyplnil agregdt mikrokremena.
Roztoky SiO, spdsobili rekrystalizdciu reliktov mikritu na
charakteristické karbondtové klenceky. pripadne na hrubo-
zrnny kalcitovy agregdt. Pocas tohto ,,reaktivneho Stadia™ sa
podmienky (pH a in€) viackrat zmenili, kalcitové klenceky
Casto korodovali a opél syntaxidlne dorastali alebo sa cel-
kom rozpustili, alebo ich dutiny vyplnil mikrokremen a de-
hydrata¢né puklinky vyplnené chalcedénom a kalcitom sa
vzdjomne nahrddzali obidvoma minerdlmr. V reaktivnom
stadiu sa tvorili aj dalsie minerdly — apatit (pl. VII) a turma-
Ifn. Krinoidové ¢lanky v rohovcoch nemdvaju tlakové dvoj-
Catenie.

Pri neskorej diagenéze boli rohovce uz stabilizované
a spomenuté procesy ustali. Namiesto dehydrata¢nych sa
tvorili len extenzné (tektonické) Zilky. Kym rast rohovco-
vych hldz spdsobovali relativne koncentrované roztoky
SiO, a v nich uzavreté zrnd klastického kremeria neboli nikdy
syntaxidlne obrastané, pocas neskorej diagenézy to boli
pomaly pridiace a velmi zriedené roztoky, z ktorych sa vy-
zrdzavali kryStdliky autigénnych idiomortnych kremenov.
Takéto krystaliky sa niekedy hromadia v susedstve rohovco-
vych hliz.

KedZe sa 1zotopovd analyza nevykonala, o povahe rozto-
kov bliZsie neuvaZujeme a pripdjame iba krdtky komentdr
k tedrii Knautha (1979). Tento autor postuluje vznik rohov-
covych hluz priamym vyzrdZanim kremena, ¢omu protiredia
hojné ukdzky reliktov lepisfér, ktoré uvddzame. Podla
Knautha (1979) rohovcové hluzy vznikali pri miesani mor-
skej a sladkej pérovej vody. NajhojnejSie rohovce v Zdpad-
nych Karpatoch vystupujice v hlbokovodnych neokédm-
skych vdpencoch facie biankone sa tvorili z morskej péro-
vej vody isto bez akejkolvek primesi sladkej vody. Kom-
plex tychto hornin sa nemohol vynorit pred vrchnou krie-
dou, ked'uz rohovce boli dlhy ¢as po reaktivnom 3tddiu.
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Abstract

The site Svodin represents the early Lengyel culture in its classical development. Since first published
announcement (Nedstupny, 1935) several repeated periods of excavation were realized in the sixties

and seventies of the last century (To¢ik, 1963: Siska and Lichardus, 1970). Particularly, the excavations
guided by Némejcova-Pavikova (1995) brought rich collection of polished stone implements, namely

stone bases and crushers as well. Short summary of raw material problems has been summed up most
recently (Pavik et al., 2000). Laboratory petrographical studies documented various raw material types

used by Aeneolithic population for implements of daily use construction. Raw materials are of local,

distant and very distant sources. While “small™ implements are mostly transported on long distances,
especially stone bases (being often of several kilograms weight) have their source in geological bodies
in the “one-day-walk-distance”. Main characteristics and an attempt to correlate raw materials used
with field occurrences of appropriate rock types are presented in this paper.

Key words: Aeneolithic, Lengyel culture, stone polished artefacts, raw material types, Svodin, Slovakia

Introduction

The site Svodin is situated in between the river Hron
and river Nitra valleys, 25 km to NW of the Stdrovo
town (Fig. 1). Extensive archaeological excavations after
the 2nd world war brought evidences enabling to rank the
oldest horizons of the site to the early Lengyel culture
with painted (red, yellow and white) ceramics.

The early Lengyel culture (Lengyel 1) excavated in Svo-
din revealed in the most numerous set of implements (ce-
ramic as well as stone artefacts) known up to now on the
country territory.

First mention of the discussed site has been published
by Nedstupny (1935). In the second half of the last centu-
ry first rescue field studies (Tocik, 1963; Sigka and Li-
chardus, 1970) were realized. Following systematic exca-

Fig. 1. Location of site Svodin.
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vations were guided by Né&mejcovd-Pavikovd in
19711983 (Némejcova-Pavikova, 1995). In the excava-
ted area approximately of 30,000 m? she defined four stra-
tigraphic as well as cultural-typological horizons: (1) the
oldest one preceded building of a small roundel — Svo-
din I, (2) the horizon of lasting of the roundel, (3) the pe-
riod of existence of a big roundel with two ditches — Svo-
din II, (4) settlement constructed after the big roundel
destruction.

Astronomically oriented roundels were situated in the
central part of the site. Houses were constructed probably
in several regular circles. The deads were buried within
the site. During the excavations (l. ¢.) almost 150 skele-
tal graves were found there. Some of them with rich in-
ventories in graves of men and children indicate social
stratification of the population. Calibrated C 14 data from
a small set offer data 4900—4700 year BC (Quitta, in Pa-
vuk et al., 2000). Chipped industry from the discussed si-
te has been studied in detail by Kaczanowska and Kozlow-
ski (1991) in which monography the contribution by N¢-
mejcova-Pavikova (I. c.) is included. Polished industry,
namely its raw material, except for short communication
by Pavuk et al. (2000), has not been studied yet.

Raw materials of stone implements and their provenance

During excavations numerous finds of stone industry,
both of chipped and polished one were collected. The
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results of studies dealing with chipped industry have been
already published by Kaczanowska and Kozlowski (1991).
This paper describes the raw materials of the polished in-
dustry. Human communities of the Lengyel culture, ba-
sed on the tradition of their ancestors were able to use
gradually increasing number of raw material types. Len-
gyel culture people took into account optimal physical
properties on the one hand, and the distance of raw mate-
rial occurrences on the other. While “small” implements
are made of raw materials or ready made artefacts, which
sometime underwent long to very long distance transport,
in the case of “heavy” (e. g. stone crushers and working
tables) implements they are brought in all documented
cases from “one-day-walk-distance”.

Magmatic rocks
Amphibolized basalt (metabasall)

This rock type being raw material has been documented
in the case of one axe only. In described case raw material
of axe bears relics of magmatic ophitic pattern though
magmatic clinopyroxenes have been chanded into brown
monoclinic amphibole. Simultaneously plagioclase laths
recrystallized into fine-grained aggregates of albite, quartz,
chlorite, clinozoisite-group minerals, calcite ao. Such mi-
metic recrystallization is known to occur in the oceanic
environment around the mid oceanic ridges (= sea floor
metamorphism), but it could have undergone continental.

Alkaline basalt

It represents permanent raw material type found in the
majority of archaeological Neolithic/Aeneolithic sites lo-
cated on the territory of western Slovakia. As effusive al-
kaline olivine basalt has always phyric structure, in the
case when it is used as raw material for implements con-
struction, it bears fine-phyric character. Phyric phases are
represented by olivines and pyroxenes, meanwhile matrix
is composed prevalently of tiny plagioclase laths, glass
and opaques. In several cases small (mm dimensions) xe-
noliths of sedimentary (partly assimilated) as well as deep
seated xenoliths of peridotite character have been identi-
fied. Quaternary alkaline basalt of above described charac-
teristics is known to occur in the Little Hungarian Low-
land, in the Balaton Lake area, and in southern Slovakia.
All the above mentioned areas could have been supplyers
of this raw material type.

Calc-alkaline basalt

Genetically different basalts of the calc-alkaline clan ap-
pear in the central Slovakia Late Tertiary volcanic provin-
ce in the form of subvolcanic as well as volcanic bodies.
They appear among pebbles of the river Hron bed depo-
sits within volcanic mountain ranges and on places when
Hron leaves Late Tertiary volcanic province. In the case
of small sized implements last mentioned source should
be supplyer of the given raw material type. Taking into

consideration stone bases and working tables. transport of
ready made implements of this category ought to be con-
sidered. The most probably source area should have been
area around the Ziar basin in the province of central Slo-
vakian Late Tertiary volcanics.

Pyroxene andesite

Similar as in the case of both types of basalts, also fi-
ne-phyric pyroxene andesites have been used as the raw
material for implements construction. In this case phyric
phases are represented by pyroxenes and plagioclases, me-
anwhile second generation of these minerals together with
volcanic glass and opaques form the matrix. For this raw
malterial type is characteristic that only its [resh varieties
have been used. Such types are widespread in Late Tertia-
ry central Slovakian volcanic province as well as in the
Pohronsky Inovec Mts. Both areas are located several tens
of kilometers from the site Svodin.

Hornblende-pyroxene-biotite andesite

Phyric pattern of this andesite variety, which represents
one of the most acid differentiates of lavas of the calc-
-alkaline clan in the central Slovakian Late Tertiary volcanic
province is characteristic. Also in this case mostly fresh
varieties have been used for implements construction. All
aspects mentioned in the case of basalts and other andesite
types are acceptable also in this case.

Sedimentary rocks
Polymict microconglomerate

This type of clastic sediments is characterized by prevai-
ling quartz clasts several milimetres in size, which lea-
ding mineral phase is accompanied with clasts of feldspars,
micas and other silicates, respectively. Rock matrix is
mostly fine-sandy, in places with admixture of haematite.
It ought to be underlined that microconglomerates have
been used for construction of “big” implements (stone ba-
ses, working tables) only. On account of the petrography
of this raw material we identify it with the Permian con-
glomerates (with their fine-grained varieties) of the Tribe¢
Mts.

Banded carbonate

Light coarse-grained metamorphic limestone (marble)
forms dominant substance of the rock. Other constituents
are represented by dark-grey planparallel bands with gra-
dual transitions to light metamorphic limestone. Dark
bands are formed by fine-grained silty clastic material
with originally organic admixture recrystallized into gra-
phitic substance. The last one simultaneously represents
pigmet of dark bands in the given rock. This characteris-
tic raw material type have been used for ball-like bored
macehead of approx. 7 cms diameter. Metamorphosed
limestones are member of crystalline complexes of the
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Fig. 4. Fluidal (irachyuic) leucobasalt Magn 45x. X polars

Bohemian Massif, namely its Moldanubian unit in its
southern Bohemian occurrences.

Fine-grained sandstone

This raw material type has been used for construction
of stone bases of various size (Hovorka and IllaSov4, in
print) also on this site. Problematic of stone bases
have been discussed in detail in connection with their
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Fig. 3. Olivine phyric alkaline basalt with hemicrystalline matriy
Magn 45\, X polars.

Fig. 5. Clinopyroxene-plagioclase phyric andesite with hemicrysta
lline matrix. Magn. 27x. X polars

occurrences on site Nitriansky Hrddok-Zamecek in the
above cited paper.

Sandstones as raw material type of stone bases and
working tables should be described as: a) fine-grained
sandstones with quartzy matrix, and b) fine-grained
sandstones with carbonaceous matrix.

Sandstones of various types are one of substantial
rock types of sequence of Neogene sediments on nort-
hern rim of Pannonian basin. So this raw material type
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%
Fig. 8. Sandstone with mostly carbonaceous matris — Neogenc Magn
27x. X polars.

belongs to local rock types used for “heavy” implements
construction.

Limestone with silt admixture
(+ numulites and glauconites)

Limestone with clastic admixture of silty fraction and
organism shells (numulites) with characteristic presence
of glauconites have been used for stone bases and wor-
King tables construction. Also in this case limestones of

Fig. 7. Anchimonomicuc conglomerate composed mostly of tragments
of dark pigmented volcanics - Permian Magn 45\, X polars

Fig. 9. Anugorite serpenunite with 2 generations ol antigorite Magn
43\, X polars.

this type represents rock type characteristic of Late Tertia-
ry filling of the Pannonian basin in its northern periphe-
ry. Presence of glauconites documents shallow sea basin
environment.

So definition of Late Tertiary limestones as raw mate-
rial for stone bascs and stone tables construction on the
site Svodin is in full agreement with results obtained by
laboratory study of mentioned implements on other sites
of southern Slovakia (e. g. Hovorka and [lla3ova, in
print).



D. Hovorka et al.: Raw materials of Aeneolithic sione polished artefacis found on type locality of the Lengyel culture: Svodin, Slovakia 347

Fine porous crystalline limestone

Also in this case this raw material type has been used
for various implements construction, e. g. stone bases
and stone tables, but on account of its rough surface ba-
sed on its rough surface this raw material types were used
also for grinders construction. So this is probably the on-
ly raw material type known till now used for both
“small™ and “big” implements construction.

Metamorphic rocks
Antigorite serpentinite

This rock-type belongs among common raw material
types for small implements (namely small axes, hammer-
-axes and maces) construction in the Neolithic and namely
in the Aeneolithic. This rock variety has appropriate phy-
sical properties based on homogeneity of their mineral
composition as well as uniform fabric pattern. Rocks of
this category are anchimonomineralic: they are composed
of antigorite (one of 3 serpentine-group minerals polyty-
pe) and of various (but usually low) amount of relic
clinopyroxenes and Cr-spinels. Fine-grained magnetite
pigment represents product of Mg-Fe silicales serpenti-
nization.

On account of relic textural pattern as precursors of this
serpentinite type, peridotites of lherzolite as well as harz-
burgite types should be presumed. In the Western Carpat-
hians crystalline complexes antigorite serpentinite bodies
are known to occur. Considering their very limited extent
and unfavourable topography setting, import of ready-ma-
de antigorite serpentinite implements namely from the
mountain ranges forming north-eastern rim of the Bohe-
mian Massif (the Sudety Mts.) we suppose to be the
most probable.

Greenschist

Greenschists together with amphibolites, antigorite
serpentinites and other fine-grained common rock types
belong to the mostly used stone raw materials in the
Neolithic as well as in the Aeneolithic.

Greenschists represent low-grade metamorphic rocks of
various precursors. The most common are fine-grained
volcaniclastics of basic volcanics, basaltic effusives, and
in pronouncedly less amount also other sediments.

Characteristic mineral association is as follows: albite,
chlorite, monoclinic as well as rhombic amphiboles, mi-
nerals of the epidote-clinozoisite group, ore and silicate
minerals in accessory amount. For all archaeological im-
plements studied made from the various greenschist varie-
lies, absence of chlorite is one of the typical features of
raw materials of this category. Chlorite flakes (if present
in substantial amount) cause splitting of rock (imple-
ment) following the oriented position of chlorite flakes.
Other characteristic feature is felty pattern of needle-like
amphiboles, which is highly favourable for needed elasti-
city of ready-made implements.

Based on determined mineral composition as well as on
fabric pattern, greenschists should be characterized as the
following varieties:

Banded greenschist: In direction perpendicular to the pre-
ferently oriented fabric in some implements by naked eyes
visible fine banding is observable. It is due to the uneven
composition of individual *bands” (of 1-3 mm thickness)
composed preferably either of amphiboles or albites.

Albite-actinolite greenschist represents the most com-
mon greenschist variety. Implements (mostly axes and
hammer-axes) made of this raw material type are mostly
greyish-green. Except for albite, monoclinic amphibole
of light yellow-green, light green and turquoise-green co-
lours belong to the rock main constituents. In accessory
amount there are present also epidote-clinozoisite group
minerals, chlorites, ore minerals (opaques), sometimes
also carbonates, dark micas ao.

Al-rich spinel-anthophyllite-actinolite greenschist re-
present, from genetical point of view, peculiar rock type.
The site Svodin together with the sites of Nitriansky Hra-
dok-Zamecek and Baj¢ are the easternmost places of
occurrences of implements made from this greenschist va-
riety on the Slovak Republic territory. This unusual rock
variety has been described in detail in the past (Hovorka
et al., 1997). In the very last time implements made of
this raw material type have been found in northern Hun-
gary, too (Gy. Szakmany, 2000; oral communication).
The provenance of the source rock body is still unknown
to the authors.

Magnetite-albite-actinolite greenschist is characterized by
the presence of fine-grained magnetite pigment distributed
either regularly or forming elevated concentrations in bands
with unsharp limits. Elevated amount of ore pigment in the
rock makes the colour tint of implements darker, mostly
dark grey. Particularly in the case of this rock-variety
we suppose fine-grained volcaniclastic material of basic
volcanics as the protolith of the discussed rock type.

Albite-epidote-actinolite greenschist is characterized
by the presence of various epidote-group minerals varie-
ties in the given implement. This rock variety (with the
amount of epidote-group minerals over 10 %) is seldom.
Characteristic is yellowish tint of the given rock.

Quartz-albite-actinolite greenschist. The presence of
quartz in substantial amount in this rock type documents
the fine-grained clastic admixture of quartz in the volca-
niclastic protolith of basic volcanics of the given rock.

Anthophyllite greenschist represents seldom occurring
rock type of light-green or green colour. Except for domi-
nant anthophyllite also various amounts of talk, dark mi-
ca, ore minerals, chlorite, albite ao. have been identified
in anthophyllite greenschists made implements (mostly
axes).

Ash-like andesitic metatuff

This rock type belongs to very rarely used raw material
type. This rock-type is represented by very fine-grained,
aphanitic, originally mostly glassy rock. As admixture in
submicroscopically grained matrix tiny clasts of dark (pyro-
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Fig. 12. Albite-actinolite schist with mobilizate of 1denucal compost
ton presentin veinlet Magn 45\, X polars

xene, amphibole) and light minerals (mostly feldspars) are
detectable under high magnification. Rock of discussed type
is massive, more-or-less homogeneous. Under polarizing
microscope aggregate polarization of rock is characteristic.

Monomineralic chlorite schist
It has been identified as the raw material of small axe

in one case only. Monomineralic chlorite schist is very
fine-grained, of schistose character, with accessory amo-

3 fih g 5L s
Fig. 11. Acunolite albite ~chist ot massive pattern Magn 45\,
X polars

Fig. 13. Schistose monomineralic chlorite schist Magn 43\, X polars

unt of ore minerals pigmentation. The described rock type
originates under various pT'X conditions (e. g. hydrother-
mal veins, metasomatic alternatives of ultramafic rocks
ao.) so that attempt to determine provenance of such rock
types is very problematic.

Fine-grained melaamphibolite

This rock (raw material) type has mostly preferably
oriented pattern. It is of dark-green to greenish-black
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Fig. 14. Fine-grained melaamphibolite. Magn. 27x. X polars.

colour composed of dominant dark-green amphiboles and
plagioclases in subordinate amount. Amphibolites and
their variety, melaamphibolites, are common, but not do-
minant rock type in several mountain ranges, e. g. the
Tribe¢ Mts. and the Malé Karpaty Mts. So distance of
several tens of kilometres (in the first case) and approx.
120 kms in the second case is real.

Plagioclase-clinopyroxene hornfels

Small non-bored axes are made from this raw material,
which is identified for the first time from the Slovak Re-
public territory. This raw material type is light (ash)
grey, inhomogeneous in colour, very hard. Except of mo-
noclinic pyroxene in fine-grained development, equidi-
mensional plagioclase crystals or their aggregates are pre-
sent (Hovorka et al., in print). The given raw material ty-
pe has attributes of contact pyroxene hornfelses. Four
studied axes made from this raw material have: i) identical
or very close shape and size, or i) identical raw material
type, so we suppose their construction from on-site trans-
ported block of rock just on the given site (Svodin). De-
scribed raw material type represents product of contact-
-thermic recrystallization of rock of appropriate chemical
composition. The source of needed heat for metamorphic
recrystallization are Late Tartiary effusives of the central
Slovakian volcanic field.

Almandine-omphacite eclogite

It represents the other peculiar rock type found on the
site Svodin, from which smal flat non bored axe has been
constructed. Microprobe analyses (SpiSiak and Hovorka,
in print) of rock forming minerals enable to rank this raw
material type among rock originated under high pressure

conditions. In this case long distance transport (the Bohe-
mian Massil, the Eastern Alps) of ready made imple-
ments is supposed.

Conclusion

Laboratory (thin sections) petrographical studies of seve-
ral tens implements of various type and different size from
the site Svodin have provided the following conclusions:
during the Early Aeneolithic human community settled in
the mentioned locality used different abiolic raw materials
for daily used stone implements and weapons but also for
constructing implements used as a symbol of power or ex-
cellency. The used raw material type depends on purpose of
implements. While “small” implements (e. g. axes, ham-
mer-axes, chissels, hoes, etc.) or raw material for their con-
struction could be transported on long to very long distan-
ces, “heavy” implements as stone crushers and working
tables and the others (weighting in the majority of cases
over one kilogram, in several cases over 5 kilograms) have
their source in geological bodies in “one-day-walk-distance™.
The last mentioned sources are found in southwestern peri-
phery of Late Tertiary volcanic province of central Slova-
kia, and on southern slopes of the Tribe¢ Mts. In addition
to technical properties of given raw material type also
distance of source was one of limiting aspect of choosing
appropriate raw materials.

From the point of view of raw material used, four axes
are made from peculiar (in this case exotic) raw material
type. It is improbable that 4 “exotic” axes made in distant
site would be transported just to one site: so peculiar exo-
tic raw material type enables us to suppose construction
of implements from one block of the given rock type just
on the discussed site. As raw material of discussed 4 axes
is represented by contact-thermic hornfelses, central Slo-
vakian Late Tertiary volcanic field should be the geolo-
gical unit of such rock occurrences.

From site Svodin also small non-bored axe made from
almandine-omphacite eclogite has been described very re-
cently (SpiSiak and Hovorka, in print). For almandine
garnets their atol-like morphology is characteristic. This
exotic high pressure raw material type is imported from
the west, the most probably from southwestern part of
the Bohemian Massif.
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Genus Praesiderolites from the West Carpathian Campanian

The descriptions of Homdlka and Lucivny vrch sections from the Orava Klippen Belt are given. In
these both sections, below the Pichov Marl Formation and represented by the Campanian Flysch For-
mation, the larger foraminifers are presents: Praesiderolites douvillei Wanner, Praesiderolites dordo-
niensis Wanner, Pseudosiderolites vidali (Douvillé), Orbitoides tissoti Schlumberger, Helicorbitoides
sp., Lepidorbitoides sp., “Operculina” sp. and Dicyclina sp. The genera Praesiderolites and Dicyclina
sp. are from the Western Carpathians notes for the first time. The Campanian age of the studied
sections is proved by small foraminifers too, especially by the globotruncanids. The history of the rese-
arch and phylogenetic relation of the genus Praesiderolites and Pseudosiderolites are given. The nar-
row phylogenetical liaison of these genera is proved on the profiles Homolka and Lucivny vrch too.
The species Praesiderolites douvillei Wanner, Pseudosiderolites vidali (Douvill¢) are briefly paleonto-
logically described.

Key words: Western Carpathians, Klippen Belt, Orava area, Campanian, Praesiderolites, Pseudosiderolites

Uvod

Kampdénske velké foraminifery zastipené rodom Orbi-
toides, Lepidorbitoides a Pseudosiderolites sa v zapado-
karpatskej geologickej literattire spominaji dost Casto.
Na primarnych vyskytoch si zndme iba z Myjavske] pa-
horkatiny (Andrusov, 1933, 1950, 1959; Kohler, 1962;
Salaj, 1960), Malych Karpat (Kohler a Borza, 1984)
a z Povazia (Salaj, 1961, Salaj a Began, 1963; Salaj
a Samuel, 1966). Z Oravy doteraz boli zndme iba z oblia-
kov (Andrusov, 1950; Misik, Fejdiova a Kohler, 1968;
Borza et al., 1977; Kohler a Gross, 1994). Este vzécnej-
Sie st udaje z vychodného Slovenska, odkial obliaky
kampdnskych sedimentov s Pseudosiderolites vidali
(Douvillé) z pro¢skych vrstiev spomina Misik et al.
(1991). V jednom obliaku (z Dukoviec) sa naSiel aj rod
Helicorbitoides. V strihovskych vrstvach vychodného
Slovenska sa obliak s Pseudosiderolites vidali (Douvillé)
nasiel iba v Benatine (Misik et al., 1991). Z uvedeného
vyplyva, Ze kampanske facie s velkymi foraminiferami
v zépadokarpatskom useku lemovali celé bradlové
pdsmo, a to nie iba z vnutornej, ale miestami asi aj
z vonkajej strany (materidl strihovskych zlepencov).

K vzacnym primdrnym vyskytom kampédnskych vel-
kych foraminifer pribudli dva profily na Orave. Pozornost
sa im v $tidii venuje najma preto, Ze sa v nich vyskytuju
formy fylogeneticky predchddzajice Pseudosiderolites vi-
dali (Douvill€), aké sa eSte z Karpdt neopisali.

Opis profilov na Orave

Podla Grossa et al. (1993) profil Homdlka i Lu¢ivny vrch
st v ptichovskom (= gbelianskom) sdvrstvi, ktorym sa konci
sedimentdcia kysuckej sukcesie. V monografii sa vrstvy
turbiditného pieskovca a organodetritického vapenca uvadza-
juako vlozky vo facii pestrych pichovskych sliefiovcov, ale
na obidvoch profiloch zretelne vidiet, Ze pieskovcové vrstvy
st transgresivne a tvoria priame podlozie vrstiev pestrého
slienovca a iba ojedinele st v nich vlozky, resp. st do nich
premiestnené vlozky v podobe blokov (profil Lucivny vrch).
Preto tieto profily zaradujeme do sendnu vo vyvoji Luciv-
ného vrchu, ktory sa doteraz na Orave nevymedzil.

a) Profil Homol'ka pri Knazej

V bezmennom potoku tecticom v rokline medzi kétou
Homolka (740 m) a Opaleny (755 m) na S od obce
KiiaZia (obr. 1) v diZke asi 400 m je odkryté pieskovcové
sivrstvie obsahujdce velké foraminifery. Pri vyudsten{
rokliny sa v nadloZi pieskovcovych vrstiev objavujui vrstvy
pestrého pachovského sliefiovca a ich odkryvy mozno
sledovat az po vodojem. Sliefiovcové vrstvy st mdstricht-
ského veku a neobsahuju vlozky ani bloky pieskovca.

Vzorky pieskovca st zo Styroch miest (vz. 1-4 na obr. 1),
pravdepodobne z profilu, z ktorého je aj Andrusovov
(1950, s. 79) Siderolites vidali Douvillé (,,z pieskovcovej
polohy v ptchovskych vrstvach pri Mokradi na Orave®).
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Obr. 1. Lokalizdcia profilu Homolka s vyznacenim miest odberu vzoriek.
Fig. 1. Localization of the samples investigated in the section Homolka.

Petrografickym zloZenim je pieskovec vo vzorkdch tak-
mer rovnaky. Ide o strednozrnny az hrubozrnny pieskovec
preplneny dlomkami titénsko-neokémskeho az albského
slienitého vapenca a slienovca (¢asto s organickymi zvys-
kami, najma kalpionelami). Zriedka su to tlomky rekrys-
talizovanych karbondtov a kremitého pieskovca takmer
bez organickych zvysSkov. Tmel pieskovca je vapnity,
sparitizovany.

Organickym obsahom sa vzorky trochu odlisuji. Vek
organickych spologenstiev od vzorky | po vzorku 4
klesa.

Vzorka | z vrchnej Casti rokliny obsahuje Praesideroli-
tes douvillei Wannier, Praesiderolites dordoniensis
Wannier, Nummofallotia sp. a ,Operculina* sp.
Z inych organickych zvySkov st v nej zastipené drobné
tlomky vdépnitych rias, Ethelia sp., Pieninia oblonga
Borza et Misik, cyklostomdtne machovky, tlomky las-
tarnikov, radiolitov, inoceramové dosticky, segmenty kri-
noidov a ostne jezoviek. Z malych foraminifer sa identifi-
kovala Anomalina welleri laevis Vassilenko a rozli¢né
blizSie neurcitelné aglutinované a rotalidné formy. V intra-
bioklastoch su Casté kalpionely.

Vzorka 2, skalny prah odobrany pred pravym prito-
kom obcasného potoka, obsahuje iba vzacne prierezy
Praesiderolites dordoniensis Wannier a ,,Operculina®
sp. Zlozenie ostatnych organickych zvyskov je podobné
ako vo vzorke 1, ale z malych foraminifer sa identifiko-
vala Globotruncana arca (Cushman), Globotruncanita
elevata stuartiformis (Dalbiez), Gaudryina rugosa
D’Orbigny, Dorothia crassa (Marsson), Lenticulina
sp., ale aj Calcisphaerula innominata Bonet, Pithonella
ovalis (Kauffman) a premiestnené kalpionely (Calpio-
nella alpina Lorenz).
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Obr. 2. Lokalizdcia profilu Lucivny vrch s vyzna¢enim miest odberu
vzoriek.

Fig. 2. Localization of the samples investigated in the section Lucivny
vreh.

Vzorka 3 sa vybrala z brehu potoka asi 150 m pred zi-
verom rokliny. Z velkych foraminifer je v nej Praeside-
rolites dordoniensis Wannier a Dicyclina sp. Ostatné
organické zlozky mé rovnaké ako vzorka 2.

Vzorka 4 je z brehu potoka asi 50 m pred vyustenim
rokliny z najvys8ich pieskovcovych poldh pod pestrym
plchovskym sliefiovcom. Nasli sa v nej Pseudosideroli-
tes vidali (Douvillé), Praesiderolites dordoniensis Wan-
nier a Dicyclina sp.

Ostatné organické zvysky sd podobné ako vo vzorke 2
a 3, ale z malych foraminifer pribudla ete Planorbulina
cretae (Marsson). Zaujimavé je zatld¢anie nicktorych
organickych zvyskov chalcedénom.

Vo vietkych Styroch vzorkach st kampénske spolocen-
Stva.

b) Profil Lucdivny vrch

Profil je v okoli kéty Lucivny vrch (840 m) 1,3 km na
S od obce Podbiel (obr. 2). Poloha karbondtového pies-
kovca lezi na vrstvdch titonsko-neokémskeho vapenca.
Smerom na V (na obec Niznd) sa koncia picskovcové
vrstvy a nastupuji vrstvy pestrého plchovského slienov-
ca, v ktorom sa vzacne vyskytuju tenké vlozKy pieskovca
(vz. 4 na obr. 2) alebo premiestnené bloky pieskovca
(vzorka 5 na obr. 2). Vzorky 3 a 6 st z volnych dlomkov
a blokov leziacich na juznych a jv. svahoch kéty Lucivny
vrch. Profil miestami preruSuje vegetacia.

Za najstar$iu mozno pokladat vzorku 1 zo svahu 300 m
na Z od koéty Lucivny vrch. Pieskovec tam lezi v pria-
mom nadloZi vrstiev neokémskeho vapenca (vrstvy nie
su zakreslené v geologickej mape, ktord je prilohou
monografie Grossa et al., 1993). Pieskovec tvoria bio-

Tab. 1. 1-2 — Praesiderolites douvillei Wannier, $ikmé rezy. Profil Homolka. vzorka 1. 3-4 — Praesiderolites dordoniensis Wannier. priecne rezy.
Profil Homolka, vzorka | 5 — Lenticulina sp. (vlavo) a $ikmy rez Praesiderolites dordoniensis Wannier Profil Homolka. vzorka 4. 6-7 — Praesi-
derolites dordoniensis Wannier, Sikmé rezy. Profil Homélka, vzorka 3. Vsetko kampdn, zv4cs. 40x.

Pl 1. 1-2 — Praesiderolites douvillei Wannier, oblique sections. Homolka section. sample 1. 3—4 — Praesiderolites dordoniensis Wannier. axial
sections. Homolka section, sample 1. 5 — Lenticulina sp. (on the left) and oblique section of Praesiderolites dordoniensis Wannier Homolka
section. sample 4. 67 — Praesiderolites dordoniensis Wannier, oblique sections. Homolka section. sample 3. All figs. Campanian, magn. 40x.
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klasty podlozného mezozoického vapenca. Tmel je vap-
nity, sparitovy. Z organickych zvyskov si Casté prierezy
Praesiderolites douvillei Wannier a Praesiderolites dor-
doniensis Wannier, vzacne sa vyskytuji tlomky kora-
linnych rias, Ethelia sp., Pieninia oblonga Borza et
MiSik, dlomky machoviek, lastdrnikov, radiolitov,
nechybaju inoceramové dosticky, segmenty krinoidov
a ostne jezoviek. Z malych foraminifer a inych mikro-
organizmov st zastipené Globotruncana arca (Cush-
man), Globotruncana cf. bulloides Vogler, Globotrun-
cana cf. scutilla Gandolfi, Globotruncana aff. stephen-
soni Pessagno, Gaudryina rugosa D’Orbigny, Pitho-
nella ovalis (Kauffman) a dalSie v rezoch neurcitelné for-
my mikrofosilif.

Vzorka 2 je priamo z kéty Lucivny vrch a z jej hre-
beflového vybezku. Tri vzorky sa odliSuju iba zrnitostou.
Ide o hrubozrnny karbondtovy pieskovec az o drobno-
zrnny zlepenec. Hlavnou zlozkou st bioklasty slienitého
vapenca a sliefovca titonsko-neokdmskeho veku (s kal-
pionelami) a slienovca aptsko-albského veku. Ojedinelé
st tlomky kremena, kremenca a kryStalickych karboné-
tov. Tmel je sparitovy. Ulomky karbondtov aj organické
zvySky Casto zatldca chalceddn.

Z velkych foraminifer sa zistila pritomnost Praeside-
rolites dordoniensis Wannier a Pseudosiderolites vidali
(Douvillé). Z inych organickych zvyskov treba spomenat
tlomky vapnitych rias (aj Archaeolithothamnium sp.),
talusy Ethelia sp., telieska Pieninia oblonga Borza et
Misik, dlomky cyklostomdtnych machoviek, lastdrni-
kov, radiolitov, dosti¢ky inoceramov, krinoidové segmen-
ty a lastirky ostrakéd. Z malych (oraminifer sa identifi-
kovala Globotruncana cf. arca (Cushman), aglutinované
a rotalidné formy mikrofosilii z Pithonella ovalis (Kauff-
man) a Calcisphaerula sp.

Vzorkou 3 bolo niekolko blokov velkych az | m na
vychodnom svahu kéty Lucivny vrch, zrejme odtrhnutych
z vrcholovej Casti. ZloZenim sa od vzorky 2 neodliSuju,
iba prierezy Praesiderolites dordoniensis Wannier su
v nich vel'mi vzdcne.

V zdreze polnej cesty od kéty Lucivny vrch do NiZne]
150 m na Z od koty 715 je odkryté sdvrstvie pestrého pa-
chovského sliena s tenkymi vliozkami pieskovca (vzorka
4). Pieskovec uz neobsahuje nijaké velké foraminifery
a aj iné organické zvysky s v nom zriedkavé (ldlomky
lastdr, poldmané schranky Globotruncana sp., prierezy
Pitﬁanella ovalis (Kauffman).

Dalej na ceste smerom na Niznd (200 m na JV od kéty
715) vrstvy pestrého puchovského sliena obklopuju asi
70 cm velky blok pieskovca (vzorka 5). Ide o redepono-
vany blok z podloZnych pieskovcovych vrstiev, preplne-
ny klastmi vapenca a slienitého vépenca. Tmel je sparito-
vy, vzdcne vidiel zatldCanie organickych zvySkov chalce-
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donom. Z velkych foraminifer je tu Praesiderolites dor-
doniensis Wannier, ostatné organické zvysky si rovnaké
ako vo vzorke 1 a 2. Blok je z pieskovca, ktory v stcas-
nosti tvorf vrcholovi ¢ast Luc¢ivného vrchu.

Poslednou lokalitou (6) st bloky leziace na juznych
svahoch kéty Luc¢ivny vrch 200-300 m na J od Kkoty.
Stratigraficky patria do najvyssich poldh pieskovcovych
telies, ktoré uz vo vrcholovej Casti Lucivného vrchu nie
st Je pravdepodobné, 7e ich primdrne vyskyty odstrédnila
postupnd denuddcia. Preskimalo sa $est menSich blokov
hrubozrnného pieskovca zlozenych z klastov mezozoic-
kého védpenca a sliefiovca, z kremenca a rekryStalizova-
nych karbondtov. Tmel je sparitovy.

V obliakoch sa vyskytuji schranky Orbitoides tissori
Schlumberger, Lepidorbitoides sp., Pseudorbitoides vi-
dali (Douvillé), Helicorbitoides sp. a velmi vzacne Prae-
siderolites dordoniensis Wannier. Z inych organickych
zvySkov su zastipené dlomky koralinnych rias, Ethelia
sp., Pieninia oblonga Borza et Misik, tlomky macho-
viek, lastirnikov, rddiolitov, inoceramovych doSti¢iek
a segmentov krinoidov. V spologenstve malych foramini-
fer sd miliolidné formy.

Vselky vzorky z profilu Lucivny vrch st kampénskeho
veku. Najmladsie vzorky (lokalita 6) podla vyskytu Or-
bitoides tissoti Schlumberger mozno zaradit na rozhranie
spodného a vrchného kampénu. Obdobne ako na predchd-
dzajicom profile s vrstvy pestrého ptichovského slie-
novca prevazne mdstrichtského veku a lezia v nadlozi
pieskovcovych vrstiev.

Poznamky k rodu Praesiderolites a Pseudosiderolites

Roku 1906 Douvillé na zaklade $panielskeho materialu
(Pobla de Segur, provincia Barcelona) vytvoril druh Side-
rolites vidali a k nemu roku 1910 pripojil varietu minor
na oznacenie drobnych individui z Talmontu pri Royane
(Franctzsko).

Arni v roku 1932 vytvoril dalsi druh Siderolites he-
racleae (z Erégli, vychodné pobrezie Cierneho mora)
a roku 1933 k nemu pripojil varietu pratigoviae zo
SvajCiarskeho priitigauského flySu. Podla sicasnych ndzo-
rov ide o mladsie synonymum Douvillého druhu vidali
(Kohler. 1962; Andreieff a Neumann, 1983; De Castro,
1990).

Na pritomnost Siderolites vidali Douvillé v Zapadnych
Karpatoch upozornil uz Andrusov roku 1933.

Pfenderova (1934) opatovne preStudovala Spanielsky
malterial z Esplugy a spresnila, ze kanalovy systém v Si-
derolites sa od systému inych rotalidov vyrazne odliSuje.

Smout (1955) pri reklasifikdcii Rotalidae vytvoril novy
druh Pseudosiderolites, a to na odliSenie foriem bez
ostiov od foriem s ostnami (Siderolites). Typovym

Tab. 2. 1-3 - Pseudosiderolites vidali (Douvillé) v Sikmych rezoch (na obr. 2 vidno embryondlny apardt). Profil Lu¢ivny vrch, vzorka 6. 4 — Pseu-
dosiderolites vidali (Douvillé), prie¢ny rez. Profil Homdlka, vzorka 4. 5 — Prechodna forma medzi Praesiderolites dordoniensis Wannier a Pseu-
dosiderolites vidali (Douvillé) v trochu §ikmom rovnikovom reze. Profil Homodlka. vzorka 4. Vetko kampén, zvics. 40x.

Pl 2. 1-3 - Pseudosiderolites vidali (Douvillé) in oblique sections (on Fig. 2 is seen the embryonic apparatus). Lucivny vrch section, sample 6.
4 — Pseudosiderolites vidali Douvillé), axial section. Homélka section, sample 4. 5 — The intermediate form between Praesiderolites dordoniensis
Wannier and Pseudosiderolites vidali (Douvillé) in a little oblique equatorial section. Homolka section, sample 4. All Figs. Campanian, magn. 40x.
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druhom nového rodu sa stal Pseudosiderolites vidali
(Douvillé).

Roku 1973 Andreieff a Marionnaud pouzili pomenova-
nie Pseudosiderolites , praevidali*, ale kedZe tito formu
neopisali ani nezobrazili, oznalenie sa stalo nomen nu-
dum.

Wannier (1980) sa podrobne zaoberal Struktirou Side-
rolitinae a detailne opisal a zobrazil vnutornd Struktiru
Pseudosiderolites vidali (Douvillé). Pod menom Nov.
gen., nov sp. zobrazil jedince zo santdénu Sierry de Mont-
sech (Katalansko) s primitivnejSou stavbou, ako ma
Pseudosiderolites vidali (Douvillé).

Roku 1983 nastala kuriézna situdacia: Andreieff
a Neumann podrobne opisali a zobrazili Siderolites praevi-
dali s typom z profilu Brande pri Ponse (Charente-Mariti-
me). Presne odliSili novy druh od Pseudosiderolites vidali
(Douvillé) a vzhladom na jestvujlce prechodné formy me-
dzi Pseudosiderolites a Siderolites spochybnili existenciu
rodu Pseudosiderolites a druh vidali zaradili medzi Sidero-
lites. V tom istom roku sa Wannier (1983) vratil k rodu,
ktorého existenciu signalizoval uz roku 1980, a dal mu
meno Praesiderolites. Vychéddzal pritom z podrobného Stu-
dia 1500 orientovanych prierezov schranok zo Spanielska,
Francizska, Svajciarska a Holandska. Na zdklade namera-
nych parametrov schranok a aritmetického priemeru hodnot
precizne charakterizoval novy rod. Zistil jeho evolu¢ny
trend a vymedzil v nom tri druhy: Praesiderolites santo-
niensis zo santonu, Praesiderolites douvillei z nizSieho
a Praesiderolites dordoniensis z vy$Sieho kampanu. Podla
Wanniera (I. ¢.) je od Praesiderolites dordoniensis odvode-
ny Pseudosiderolites vidali (Douvillé) a od neho Sideroli-
tes calcitrapoides Lamarck. V jeho chdpani Siderolitinae
tvoria homogénnu skupinu foraminifer s podobnou stav-
bou schranky, planiSpirdlovym vinutim a s kandlovym
systémom s diferencovanymi radidlnymi rovnikovymi ka-
nalmi. Siderolitinae sa vyvinuli v santéne z rodu Pararo-
talia Le Calvez a od nich sa v kampane oddelili Helicorbi-
toididae (Gorsel, 1973, 1975). Vyvoj rodu Sirtina (Bron-
nimann a Wirtz, 1962) prebiehal nezdvisle, ale paralelne so
Siderolitinae (Gorsel, 1978).

Podla opisov a ilustrdcii nemoZno pochyboval o tom,
7e Siderolites praevidali a Praesiderolites dordoniensis
st totozné druhy, a tak dilemu, ktory rodovy alebo druho-
vy nazov pouzije, musi riedit Citatel. Po roku 1983
zaujem o Siderolites prudko poklesol, a preto sd udaje
v literatire o nich velmi skromné (napr. Oczan a Ozkan
Altiner, 1997, z tureckej vrchnokriedovej formécie Hay-
mana sice spominaji Praesiderolites, ale bez opisu
a blizsej Specifikdcie).
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Autori tejto $tidie sa museli rozhodndit, ¢i budu reSpek-
tovat pravidld priority a skumat, ktord z citovanych pub-
likdcii z roku 1983 vysla skor, alebo prevezmu koncep-
ciu, ktort pokladaji za logickejSiu a prepracovanejSiu.
Priklonili sa k druhej mozZnosti, lebo Wannier vySiel
z ovela bohatSieho materidlu, podrobne preskimal vnu-
tornd $truktdru schranok, Studoval fylogenetické vztahy
a opisy oprel o numerické parametre schranok.

Z rdmca tejto Studie sa vymykd otdzka, ¢i mozno fylo-
geneticky do seba prechddzajice rody Praesiderolites —
— Pseudosiderolites — Siderolites pokladaf za samostatné,
alebo ich treba spojit do jedného rodu (podla priority do
Siderolites; pochybnosti v tomto smere vyjadril Gorsel,
1974, ako aj Andreieff a Neumann, 1983). Autori nateraz
nechdvajd v platnosti tieto rody, ale uzndvaja fylogenetic-
ki postupnost santoniensis — douvillei — dordoniensis —
—vidali - (catalunensis) — calcitrapoides — denticulatus.

Kym zaradenie druhov rodu Praesiderolites do santonu
a kampdnu je nesporné a potvrdilo sa aj Stidiom materid-
lu z profilu Homdlka a Lucivny vrch, neistota je okolo
horného vekového ohraniCenia Pseudosiderolites vidali
(Douvillé), lebo niektori autori (napr. De Castro, 1990)
druh zaradujd skor do spodného mdstrichtu ako do kampa-
nu. Stadium inych lokalit Zapadnych Karpdt (Kohler,
1962) a profiloch na Orave ukazuje, Ze druh vidali nepre-
kroCil hranicu kampdn/mdstricht a je obmedzeny na kam-
pan (rovnaky ndhlad md aj Gorsel, 1974).

Problematickym ostdva zaradenie Douvillého variety
minor. Logicky by mala patrit do rodu Praesiderolites,
ale Gorsel (1974) upozornil na to, Ze tdto varieta v profile
Aubeterre (Francizsko) je stratigraficky mladSia, ako druh
vidali napr. v Rakusku.

Struény opis druhu Praesiderolites a Pseudosiderolites
z profilov Homol'ka a Lucivny vrch

Opis sa obmedzuje iba na tieto dva rody, lebo ide o prvy
opis zastupcov rodu Praesiderolites zo Zapadnych Kar-
pat, ako aj preto, Ze schranky rodu Orbitoides, Lepidorbi-
toides, , Operculina®, Helicorbitoides a Dicyclina (tiez
prvy opisany vyskyt v Zapadnych Karpatoch) su také zried-
kavé, 7e aj ked sd zobrazené (tab. 3, obr. 4-7, tab. 4,
obr. 1-2), detailne sa nedaju opisat. Plati to aj o malych
foraminiferach zobrazenych na tab. 4 (obr. 3—-10).

Rod Praesiderolites Wannier 1983
Praesiderolites douvillet Wannier 1983
tab. I, obr. 1-2, tab. 3, obr. 3

Tab. 3. 1 - Praesiderolites dordoniensis Wannier v tangencidlnom reze. Profil Homélka. vzorka 3. 2 — Praesiderolites dordoniensis Wannier
v Sikmom reze. Profil Luéivny vrch. vzorka 1. 3 — Praesiderolites douvillei Wannier, $ikmy rez. Profil Lucivny vrch, vzorka 1. 4 — Helicorbitoides
sp. v prie¢nom reze. Profil Lucivny vrch, vzorka 6. 5 — Orbitoides tissori Schlumberger v prie¢nom reze (so $tvordielnym embryondlnym apard-
tom). Profil Lucivny vrch, vzorka 6. 6 — Orbitoides sp. v prie€nom reze. Profil Lugivny vrch, vzorka 6. 7 — Lepidorbitoides sp. v prie¢nom reze.

Profil Lucivny vrch, vzorka 6. V3etko kampdn, zvacs. 40x.

PL 3. 1 = Praesiderolites dordoniensis Wannier in tangential section. Homdlka section, sample 3. 2 — Praesiderolites dordoniensis Wannier in obli-
que section. Luc¢ivny vrch section, sample 1. 3 — Praesiderolites douvillei Wannier. oblique section. Lu¢ivny vrch section. sample 1. 4 — Helicorbi-
1oides sp. in axial section. Lu¢ivny vrch section, sample 6. 5 — Orbitoides tissoti Schlumberger in axial section (with quadriloculin embryonic appa-
ratus). Lucivny vrch section. sample 6. 6 — Orbitoides sp. in axial section. Lucivny vreh section, sample 6. 7 — Lepidorbitoides sp. in axial section.

Lucivny vrch section, sample 6. All Figs. Campanian. magn. 40x.
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1983 Praesiderolites douvillei n. gen., n. sp. — Wannier,
p. 1618, textfig. 3 (14-22), 6 (11-16), 7 (4-12),
tab. |, Fig. 4-14, tab. 2, Fig. 1-15, tab. 6, Fig.
1-2, cum synon.

Schranky su vyrazne SoSovkovité, okraje ostré, niekedy
trochu ohnuté. Priemer schranok je 0,8—1,5 mm a hribka
0,4-0,7 mm. V centrdlnej Casti je vyraznd skupina pilie-
rov dosahujicich na povrchu priemer 0,06-0,10 mm.
Embryondlny aparat tvoria dve skoro rovnako velké ko-
mory obklopené vyrazne hrubou stenou (0,015-0,025 mm).
Priemer prolokula je 0,040-0,055 mm. Schrianku
tvoria dva az tri zdvity. Vyska vonkajSieho zdvitu je
0,25-0,30 mm. Steny st kolmé, vo vrchnej Casti trochu
ohnuté, komdrky su vyssie ako dlhé, v prvom zdvite je
7-8 komorok.

Od Praesiderolites santoniensis sa druh odliSuje
vdacsim a od Praesideroloites dordoniensis men$im pro-
lokulom.

Vyskyt: profil Homolka, vzorka 1-3, profil Lucivny
vrch, vzorka 1.

Praesiderolites dordoniensis Wannier 1983
tab. I, obr. 3-7, tab. 3, obr. 1-2

1983 Praesiderolites dordoniensis n. gen., n. sp. — Wannier,
p. 18, textfig. 3 (1-13), 6 (1-10), 8 (4-5), tab. 3,
Fig. 1-7, cum synon.

Schranky su SoSovkovité, s ostrymi (tab. 1, obr. 4)
alebo tupymi (tab. 1, obr. 7) okrajmi. Dosahuju priemer
1,2-2,0 mm a hrdbku 0,6-1,0 mm. V centrdlnej Casti
vidiet vyraznd skupinu piatich aZ 6smich velkych pilierov
(tab. 3, obr. 1), ktorych povrchovy priemer neprekracuje
0,10 mm. Embryondlny apardt je bilokularny a obklope-
ny stenou hrubou 0,02 mm. Priemer prolokula koli$e od
0,055 do 0,070 mm, najcastejSie je okolo 0,060 mm.
Schranku tvoria dva az tri rasttice zavity. Komorky st dva
razy také vysoké ako dlhé, steny su rovné, kolmé, iba vo
vrchnej Casti trochu ohnuté. Obvodovy hrebeit je uz pozo-
rovatelny, ale je tenky (vzdcne do 0,3 mm), s radidlnym
kandlovym systémom.

Praesiderolites santoniensis a Praesiderolites douvillei
maji menSie schranky aj prolokulus a nemaji obvodovy
hreben. Pseudosiderolites vidali ma vyrazny obvodovy
hrebeii a vacsie schranky.

Vyskyt: profil Homdlka, vzorka 1—4, profil Lucivny
vrch, vzorka 1-6.

Rod Pseudosiderolites Smout 1955
Pseudosiderolites vidali (Douvillé 1906)
tab. 2, obr. 1-5

1906 Siderolites vidali Douvillé — Douvillé, p. 598, 599,
tab. 18, Fig. 9

1983 Pseudosiderolites vidali (Douvillé), 1906 — Wannier,
p. 20, textfig. 7 (13), 8 (1-3), tab. 4, Fig. 1-8,
tab. 6, Fig. 68, cum synon.

Su to vyrazne $oSovkovité schrianky s ostrymi okraj-
mi, s priemerom 1,5-4,2 mm a hribkou 0,6-1,9 mm.
V centrélnej Casti je skupina pilierov s priemerom do
0,10 mm. Smerom k obvodu sa ich priemer zmenSuje na
0,03 mm. Embryonalny apardt je bilokuldrny, prolo-
kulus ma priemer 0,06-0,09 mm a stena je hrubd
0,02 mm. Spirdlu tvoria tri az $tyri zavity. Komorky st
vysSie ako dlhé. Najndpadnej$im znakom druhu je obvo-
dovy hrebeii vysoky 0,5-0,7 mm, v ktorom vidno radidl-
ny kandlovy systém.

Od zastupcov rodu Praesiderolites sa odliSuje vyrazny-
mi obvodovymi hrebeiimi, od rodu Siderolites tym, Ze
nema ostne (bez ostiov je aj Siderolites cataluniensis
Wannier z mastrichtu Kataldnska, ale ma omnoho mensi
prolokulus — 0,05 mm).

Vyskyt: profil Homdlka, vzorka 4, profil Lucivny
vrch, vzorka 2 a 6.

Poznamka: V profile Homolka (vzorka 4) sa nasli prie-
rezy patriace prechodnym formdm medzi Praesiderolites
dordoniensis a Pseudosiderolites vidali (tab. 2, obr. 5),
dokazujice tzke prepojenie tychto dvoch druhov, ale aj
rodu Praesiderolites a Pseudosiderolites.

Zaver

Na Orave v sdvrstvi vrchného senénu gosauského ty-
pu autori zavddzaji novy ndzov vyvoj Lucivného vrchu.
V tomto vyvoji sa sedimentdcia zacala v kampdne
transgresivnymi pieskovcovymi vrstvami. Na ich zloze-
ni sa zucastnuji najmad bioklasty vrstiev vdpenca
a slieiovca bradlového pasma z priameho podloZia vrstiev
pieskovca. Sedimentdcia prebiehala v plytSom neritiku

Tab. 4. | — Dicyclina sp. v takmer rovnikovom reze. Profil Homolka, vzorka 3. 2 — ,,Operculina* sp. v prie¢nom reze. Profil Homdlka, vzorka 2. p»
3 — Globotruncana aff. stephensoni Pessagno. Profil Lucivny vrch, vzorka 1. 4 — Globotruncana arca (Cushman). Profil Homdlka, vzorka 2.
5 = Globotruncana aff. scutilla Gandoldi. Profil Lucivny vrch, vzorka I. 6 — Gaudryina rugosa D’Orbigny. Profil Lucivny vrch, vzorka 1. 7 — Gaveli-
nella sp. Profil Lugivny vrch, vzorka 1. 8 — Anomalina welleri laevis Vassilenko. Profil Homdlka, vzorka 3. 9 — Lenticulina sp. Profil Homdlka,
vzorka 2. 10 — Dorothia crassa (Marsson). Profil Homoélka, vzorka 2. Vsetko kampdn, obr. 1 a 2 zvacs. 40x, obr. 3—10 zvacs. 105x.

PL 4. 1 - Dicyclina sp. in almost equatorial section. Homolka section. sample 3. 2 — “Operculina” sp. in axial section. Section Homdlka, sample 2.
3 = Globotruncana aff. stephensoni Pessagno. Luivny vrch section. sample 1. 4 — Globotruncana arca (Cushman). Homdlka section, sample 2.
5 = Globotruncana aff. scutilla Gandolfi. Lu¢ivny vrch section, sample 1. 6 — Gaudryina rugosa D' Orbigny. Lugivny vrch section, sample 1.
7 - Gavelinella sp. Lugivny vrch section, sample 1. 8 — Anomalina welleri laevis Vassilenko. Homdlka section, sample 3. 9 — Lenticulina sp. Homdlka
section, sample 2. 10 — Dorothia crassa (Marsson). Homdlka section, sample 2. All Figs. Campanian, Figs. | and 2 magn. 40x, Figs. 3—10 magn. 105x.
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externej platformy za podmienok vhodnych pre Zivot
velkych foraminifer, predovietkym rodu Praesiderolites
a Pseudosiderolites. Prepojenie s otvorenym pelagic-
kym, ¢iasto¢ne hlbsim morskym prostredim potvrdzuje
pritomnost globotrunkédn a zéstupcov rodu Pithonella.
Sedimentdcia pieskovca koncom kampanu az zaciatkom
mastrichtu v pokojnom cirkalitordlnom hlbSom mor-
skom prostredi vystriedala pestrého pachovského
sliefiovca.

Prvy raz sa z Karpat uvadzajud, opisuji a zobrazuju
zastupcovia rodu Praesiderolites. Vzhladom na dzke fylo-
genetické prepojenie a existenciu prechodnych foriem me-
dzi rodom Praesiderolites a Pseudosiderolites je Ziaduca
revizia taxonomickej samostatnosti tychto rodov a ich
vz{ahu vodi rodu Siderolites.
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Geological risks and their pre-design assessment

Geological risk relates to geological hazards and systems or elements at risk. Geological hazards can
be grouped into natural and man-made or technological, respectively. Natural hazards can be charac-
terized through their type, intensity and frequency Natural hazards depend on natural factors and can
be predicted on the basis of previous phenomena records and factor analysis. Technological hazards
depend also on man activities and technologies used, and their prediction is obscure. Problems of geolo-

gical hazards and risk assessment are indicated and discussed in the paper

Key words: geohazard, risk, vulnerability

Uvod

Kvalitu prirodného a Zivotného prostredia urcuju jeho
vlastnosti a v iom prebiehajuce procesy. Negativne vlast-
nosti a procesy st nebezpecenstvom pre ¢loveka a vysled-
ky jeho priace. Nebezpecenstvo mdze byl prirodné, a to
bezprostredné (napr. zemetrasenie, zosuny, vydatné dazde,
povodne a pod.), resp. nasledujice po fiom (napr. zosuny
vyvolané zemetrasenim a pod.), alebo vyvolané ¢lovekom
(napr. znecCistenie povrchovych a podzemnych vad, naruse-
nie stability svahov, toxické latky v sklddkach a pod.).

Cinnost vykondvand v ohrozovanom prostred je spétd
s rizikom (nebezpecenstvom, hrozbou), ktoré sa da vyjad-
rit ako sdc¢in pravdepodobnosti vyskytu potencidlne nebez-
pe¢ného javu a moznych ndsledkov vo forme strat a na-
ruSenia prirodného prostredia, stavebnych diel, Zivotov
a majetku obyvatelov. Riziko stvisiace s vyuZivanim pro-
stredia sa oznacuje ako environmentdlne riziko. MdZze nim
byt napr. aj riziko zemetrasenia pre nevhodne zalozené
a nedostato¢ne dimenzované stavby. Ale na riziku spoje-
nom s nevhodnym stavebnym zdsahom do prirodného pro-
stredia s nasledujicim narusenim reZimu podzemnych vod,
stability svahov a pod. sa mdze zicastiovat aj ¢lovek.
Preto treba nevyhnutne poznat nielen prirodné prostredie
a procesy v nom, ale aj vplyv kazdej ludskej ¢innosti nafi.

Hodnotenie environmentdlnych rizik a navrhy opatreni
na ich zniZovanie v rozli¢nych oblastiach su stale
vyznamnejSie a stdvajd sa nevyhnutnou sicastou ochrany
Krajiny, projektovania, vystavby a vyuZivania stavieb,
poistovnictva, ako aj ochrany obyvatelstva pred Zivelny-
mi pohromami, havariami a katastrofami sposobovanymi
geologickymi javmi. Dolezité su aj pre tvorcov legislati-
vy, Stdtnu spravu a samospravu pri chdpani stvislosti me-
dzi ich rozhodnutiami, ich moznymi dosledkami pre Zivot-
né prostredie, ako aj pri ziskavani prostriedkov na daliu
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¢innost v ramei programu trvalo udrzatelného Zivota.
Sa uréené aj podnikatelom a manazmentu, aby si uvedomo-
vali vyznam environmentdinych faktorov v podnikatelskej
Cinnosti, ale aj podnikatelské moznosti pri ochrane Zivot-
ného prostredia a jeho ndprave. Napokon st nevyhnutné aj
v osvete pri formovani environmentalneho vedomia oby-
vatelstva a vysvetlovani environmentdlnych projektov.

Stru¢ny prehl'ad problematiky hodnotenia rizik

Nebezpeenstvo sa v anglickej a americkej literatire
oznacuje terminom hazard, ktory sa spolu s terminom ri-
ziko zacal rozpracdvat v americkej literatire na zdklade
zaujmu poistovni. Zoznam niektorych prirodnych a antro-
pogénnych ¢lovekom vyvolavanych hazardov uviedli kali-
fornské Stiatne normy uz roku 1971 (Smith, 1985). Var-
nes (1984) definuje prirodny hazard (H) ako pravdepodob-
nost vyskytu potencidlne nebezpe¢ného javu v istom
¢asovom Useku v danom tzemi. Zranitelnost (vulnerabi-
lity — V) charakterizuje stupfiom poSkodenia (strat) istého
prvku alebo stboru ohrozenych prvkov prirodnym javom
istej intenzity. V sa vyjadruje v skdle od O (nijaké posko-
denie) po I (dpIné znicenie alebo strata). Varnes (l. c.)
rozliSuje $pecifické a celkové riziko. Riziko zranenia
(Specific risk R,) predstavuje stuperi poskodenia (strat)
nasledkom istého prirodného javu. M6Ze sa vyjadrit ako
sic¢in hazardu (H) a zranitelnosti (V). Celkové (iplné)
riziko (R,) autor (l. ¢.) charakterizuje ako ocakdvané mnoz-
stvo obeti, ranenych, poskodenie objektov alebo preruse-
nie ekonomickej ¢innosti pdsobenim ist¢ho prirodného
javu, a preto je sucinom S$pecifického rizika a typu
ohrozeného prvku (E). Potom

Ri=(E*R)=(E*H*V)

Podla Scavia (1999) sa celkové riziko Specifického

prvku a Specifickej intenzity javu dd urcit ako mozny
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dosledok nebezpecenstva, zranitelnosti a hodnoty prvku
a mdZe byt vyjadreny ako R(LLE) = H(D*V(LLE)*W(E) =
= R(LE)Y*W(E), kde R = celkové riziko, R, = Specifické
riziko, E = typ ohrozeného prvku, I = intenzita, H = ne-
bezpedenstvo (hazard), V = zranitelnost (vulnerability)
a W = ekonomickd hodnota ohrozeného prvku. Tento autor
(I. ¢.) rozliSuje typy rizik podla typu ohrozeného prvku.

V slovenskej literatire sa uvedené terminy zacali pouZi-
vat az v 90. rokoch 20. stor. (Drdo$, 1992; Ondrasik,
1994, 1998; Ondréasik, Gajdos a Banska, 1999), neskor
najmé v sivislosti s rozvojom krajinnej ekoldgie, orien-
taciou na hodnotenie potencidlu a tnosnosti krajiny (Dr-
dos, 1992; Drdos a Kozova, 1992) a s hladanim environ-
mentdlnych limitov. Aj v inZinierskej geoldgii sa pozor-
nost sustredovala na prognézy geologickych procesov,
potencidly a geobariéry (Matula a Ondrasik, 1990).

Termin hazard (nebezpecenstvo) a riziko nie st defino-
vané jednoznacéne, a tak sa Casto pouzivaji v odliSnom
vyzname. Dearman (1991) uvdadza, Ze to plati aj o odbor-
vidi v preklade tychto terminov do inych jazykov,
presnejsie — v hladanf ich inojazy¢nych terminologickych
ekvivalentov, ¢o ilustruje franctzskym terminom risque,
ktory je ekvivalentom anglického terminu hazard.

Rychly pokrok v hodnoteni environmentdlneho rizika
sa dosiahol v celosvetovom rozsahu (napr. od roku 1996
je povinnost hodnotit environmentalne riziko pri vetkych
druhoch konstrukcii v celom Rusku; Ragozin, 1998).

Nasmu pristupu je najblizSia terminoldgia Varnesa
(1984) a Scaviu (1999).

Terminoldgia

Nebezpecenstvo (hazard) je moznost vyskytu javu po-
tencidlne ohrozujiceho Zivoty a zdravie ludi, ich ¢innost,
vysledky prace, majetok a zlozky zivotného prostredia
v istej oblasti v ur¢itom ¢asovom obdobi.

Ak nebezpecenstvo suvisi s geologickym prostredim,
ide 0 geologické nebezpecenstvo.

Nebezpecenstvo moze mat Struktdru, Cize sa moze delit
na jednotlivé hrozby.

Celkoveé riziko (Total risk) je pravdepodobnost vzniku
potencialneho nebezpecenstva a velkost jeho negativnych
vplyvov na Zivot a zdravie ludi, ich majetok, ¢innost
a zivotné prostredie.

Riziko zranenia (Specific risk) je oCakdvana velkost
dosledkov istého potencidlne nebezpecného javu a mdze
sa vyjadrit ako st¢in nebezpedenstva a zranitelnosti.

Expozicia je vyslavenie nebezpeCenstvu a potencialne-
mu poSkodeniu, prip. ¢iasto¢nym alebo dGplnym stratdm
najmé obyvatelstva i jednotlivcov, vysledkov ich prace,
vlastnictva, systémov alebo ¢innosti na istom tzemi.

Ohrozeny prvok je prvok hodnoteného systému, na
ktorom sa moze prejavit identifikované nebezpecenstvo.

PoSkodenie (narusenie) je poSkodenie budov, zariadeni
a pod., ako aj naruSenie zloziek zivotného prostredia.

Straty su straty na majetku, Zivotoch alebo Cinnosti.
MoZu byt bezprostredné alebo prejavujice sa neskor.

Faktory rizika si podmienky a procesy rozhodujice

0 vzniku nebezpecenstva, ako aj zloZky prostredia majice
vzlah k prvkom postihnutého systému.

Zranitelnost je vlastnost systému a jeho zloZiek prijaf
ohrozujicu udalost. ViaZe sa na slabé miesta v sysi€éme,
ktoré sa pod vplyvom nebezpecenstva mdzu poskodit. D4
sa hodnotit ako miera poSkodenia ohrozovaného prvku
nebezpedenstvom s jednotkovou intenzitou.

Citlivosf je miera akceptdcie negativneho pdsobenia
prvkom ohrozeného systému. Mozno ju vyjadril stup-
fiom, od ktorého systém nepriaznivo reaguje na ohrozujtcu
udalost (straty, poSkodenie, resp. nevratné zmeny prvkov
a systému), a dd sa kvantifikovat.

Mimoriadna udalost je podla zdkona NRSR 42/1994
Z. 7. o civilnej ochrane obyvatelstva v znenf neskorSich
predpisov Zivelnd pohroma, havaria alebo katastrofa.

Zivelnd pohroma je mimoriadna udalos(, pri ktorej sa
ako dosledok pdsobenia prirodnych sil neZiaduco uvolnf
kumulovana energia alebo hmota, pdsobia nebezpetné
latky alebo faktory s negativnym vplyvom na Zivot
a zdravie ludi alebo na majetok.

Nebezpecné ldtky st prirodné alebo syntetické latky,
ktoré svojimi chemickymi, fyzikdlnymi, toxikologicky-
mi alebo biologickymi vlastnostami mdzu samostatne
alebo v kombindcii ohrozif Zivot, zdravie alebo majetok.

Havdria je mimoriadna udalos{ vyvoldvajica odchylku
od ustdleného prevadzkového stavu, v dosledku Coho
nastdva Unik nebezpeénych latok alebo pdsobia iné faktory
s negalivnym alebo ni¢ivym vplyvom na Zivot, zdravie
alebo majetok.

Katastrofa je mimoriadna udalost, pri ktorej narastaju
ni¢ivé faktory a v dosledku Zivelnej pohromy a havdrie
sa kumuluju.

NajcastejSie druhy nebezpecenstva

Podla pri¢in sa rozlisuji dve zakladné skupiny nebez-
pedenstiev, a to prirodné a antropogénne (sposobené Clo-
vekom).

Prirodné nebezpecenstvo nezavisi od ¢loveka, ale byva
sucastou atmosférickych porich, klimatickych zmien,
geologického a geomorfologického vyvoja lizemia, ako aj
kozmickych vplyvov.

Antropogénne nebezpecenstvo je spité s: 1. subjektiv-
nymi a objektivnymi nedostatkami v hodnotenf (financie,
presktmanost, pristupnost, technické vybavenie a pod.),
2. nedodrzanim smernic a predpisov, zanedbanim vysled-
kov hodnotenia zloZiek prirodného prostredia a ekolo-
gickej Gnosnosti krajiny projektantom a realizdtorom
a 3. nespravnymi technolégiami a postupmi sposobenymi
a) nedbalostou, b) neodbornostou a ¢) podcenenim
nebezpecenstva.

Niekedy sa vyclenuje aj skupina tzv. indukovanych
nebezpecenstiev. Indukované nebezpecenstvo je vlastne
prirodné nebezpecenstvo, ale impulzom na jeho vznik
byva ¢innost ¢loveka (napr. zemetrasenie vyvolané
vystavbou a naplnenim vysokych priehrad, nukledrnymi
vybuchmi a pod.).

Pretoze v krajine ovplyvnenej Tudskou ¢innostou nie je
ostrd hranica medzi prirodnym a antropogénnym nebez-
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pecenstvom, v prehlade uvddzame prevazne prirodné
nebezpecenstva (tab. 1) a nebezpecenstvd spdsobené
prevazne ¢lovekom (tab. 2).

Faktory nebezpecenstiev

Faktory nebezpecenstiev si rozli¢né, ich vyznam
v znacnej miere zavisi od fyzickogeografického prostredia,
a preto su pre kazdd Cast krajiny zastipenim a vyznamom
$pecifické. Univerzalnym a zdroven najpremenlivejSim
faktorom je klima, a preto aj velkd Cast prirodnych nebez-
pecenstiev podlieha klimatickej zondlnosti. Faktory
nebezpecenstva mozno rozdelit do dvoch zdkladnych
skupin, a to na podmienky a procesy (tab. 3).

Hodnotenie faktorov nebezpecenstva obsahuje ich iden-
tifikaciu, vysvetlenie ich vyznamu na zdklade opisu, in-
ventarizdciu zranenia zloziek prostredia a jeho nasledkov,
zistenie citlivosti prostredia na zranenie, rekonstrukciu
vyvoja a monitoring. Faktory moZzno hodnotif kvalitativ-
ne alebo kvantitativne. Ich Stidium vyzaduje pozorovanie
v teréne a potom sa spravidla skiimaji na modeloch.

Prognézovanie nebezpecenstiev

Pri progndzovani nebezpecenstva, t. j. procesov s nega-
tivnym environmentadlnym vplyvom, treba s istou pravde-
podobnostou odhadnit miesto, intenzitu a ¢as. Miesto
vyskytu nebezpecenstva sa dd prognézovat s velkou dév-
kou pravdepodobnosti na zdklade analyzy relevantnych
faktorov, ale predpovedat ¢as jeho vzniku je velmi zlozi-
té, pretoze spustacim mechanizmom moZe byt hociktory,
aj ndhodny faktor. Takdto progndza je navyse zaloZend na
nedostato¢nych Statistickych Gdajoch alebo na ddajoch
s velkou dédvkou neurcitosti, ale napriek tomu si metody
(napr. tedria chaosu) vedice k progndze s akceptovatel-
nou pravdepodobnostou a v rdmci komplexu opatrenf
umoziujice volit kroky blizke optimdlnym. Ale na hod-
cidlne nebezpecného javu.

Pri prognéze miesta geologického nebezpelenstva
moZno vyuzit mapy zranitelnosti (napr. Malgot a Mahr,
1979), citlivosti alebo ndchylnosti na vznik potencidlne
nebezpecnych procesov (napriklad Ondrasik, 1993) a pod.

Postup hodnotenia rizika

Termin nebezpe€enstvo a riziko pomentvajui struktiro-
vany pojmovy systém, v ktorom sa mozu uplatiiovat roz-
li¢né hladiskd. V oblasti vplyvu to mdze byt zdravotné,
ekologické, environmentdlne, technologické a pod. hla-
diska, v oblasti riadenia ovplyvnitelné, neovplyvnitelné,
v oblasti pdsobenia priame, nepriame, v oblasti pdvodu
prirodzené, indukované hladiskd, v oblasti poznania
nedostato¢nd troverl poznatkov, nedostatoéne vykonany
zber informdcii, v oblasti ludskych faktorov nekvalifiko-
vanos(, neskdsenost, neschopnosl, nedostatok casu,
nedbalost, nezodpovednost, nedisciplinovanost, ignorancia,
v oblasti organizacie nedostatok financii, ¢asu, technolo-
gického vybavenia, nedokonalost smernic a predpisov.

Pri hodnoteni rizika ide vlastne o hodnotenie potencial-
ne nebezpe¢ného javu a jeho potencidlnych dosledkov.
Vychddza sa z dvah o zdrojoch a druhoch ohrozenia
a z nich vyplyvajdceho rizika pre isté Gzemie, objekty,
infratruktiru, inZzinierske siete, liniové stavby, ako su
elektrické vedenia, ropovody, plynovody, vodovody,
kanalizécia a pod.

Pri tvorbe metodoldgie hodnotenia rizika sa vychddza
z predpokladu, e sa hodnotenie bude dat vyuzit mnoho-
stranne, a preto nie je cielom jeho dokonalost, ale prime-
ranost a komplexnost. Podla Sturka et al. (1998) hodno-
tenie mdze napr. 1. poskytnit hodnoverné tdaje na odhad
Casu a ceny projektu; 2. ulah&it pripravu stratégie projek-
tovania, obchodnych pontk, realizdcie, zniZit negativny
vplyv na zivotné prostredie, zlep3it jeho kvalitu a Gdrzbu;
3. poskytnut najlepsie Udaje na rozhodovanie o metddach
prace; 4. pripravit zdkladiiu na vytvorenie kvalitného pri-
rodno-technického systému a préc; 5. poskytnit podklady
na aktivne projektové zdsahy pocas vystavby; 6. nacrinit
poZiadavky na doplnkovy prieskum a projektovi lpravu;
7. kvantifikoval neurgitost a tak zlepsit moznosti progno-
zovania.

Riziko sa hodnoti v niekolkych krokoch a v ich ramci
sa hlada odpoved’ na aktudlne otdzky v jednotlivych Sta-
diach postupu ako uvddza obr. 1.

Interakcia medzi technickym a prirodnym subsystémom
sa hodnoti na modeloch. Modely jedného a druhého sub-
systému sa tvoria zdsadne odliSne. Kym model technic-
kého subsystému sa vo forme projektu vytvédra na bdze
poziadaviek, teoretickych a empirickych poznatkov a az
na ich zdklade sa konStruuje redlny technicky systém
z pozadovanych stavebnych prvkov so zndmymi vlastnosta-
mi (mozno ho teda chédpat ako deterministicky), pri mode-
li prirodného subsystému je to naopak. Model prirodného
subsystému sa tvori na zdklade ¢iastone poznanej reality,
a tak je pri iom problematickd vierohodnost (je to pravde-
podobnostny model). Na zvySenie jeho vierohodnosti
projektovaniu a rozhodovaniu predchadzaju prislusné
etapy prieskumu prirodného subsystému (Ondrasik,
Gajdos a Bénska, 1999). Velmi vhodné na to sd geofyzi-
kdlne metédy (napr. OndrdSik a Gajdos, 1999; Vybiral
a Wagner, 1995, 1999)

V tejto sdvislosti treba mat na mysli, Ze o prirodnom
subsystéme st spravidla velmi obmedzené informécie,
opierajlce sa iba o povrchové a bodové, resp. Iiniové
prieskumné diela, pri ktorych s mensie moznosti zisto-
val potrebné parametre, z Coho pramenf znaénd neurcitost.
Neurcitost poznatkov o redlnom prirodnom systéme sa da
zmiernit ziskanim dal$ich primeranych a vyznamnych in-
formacii o fiom, ale ich hodnotu méZzu znizit nedostatky
pri modelovani, lebo model je viac alebo menej zjednodu-
Senym ndstrojom na hodnotenie redlneho systému (sub-
systému). Pri nedostatkoch na modeli uz nepomdha
zvySenie mnozstva informdcii o prirodnom systéme, ale
iba zlepSenie modelu, t. j. lepSie pochopenie podstaty
fungovania redlneho systému a jeho modelu.

Vietky spomenuté problémy sa daji vyhodne riesit s po-
mocou geografickych informacnych systémov (GIS). GIS
st efektivne ndstroje a mozno ich vyuzif pri planovan{
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Tab. |

Prevazne prirodné nebezpecenstvd
Predominantly natural hazards

Kategdria

Druh

Potencidlne nasledky

Sprievodné nebezpecenstvo

Atmosférické poruchy

Cyklén, hurikdn veternd smrst

Vyvracanie stromov. strhdvanie striech,
nadzemnych vedeni, zniZenie aZ zniCenie
trody a pod.

Erézia, svahové pohyby, povodne,
kontamindcia a pod.

Privalové a dlhodobé daZde

Zatdpanie depresii. upchatie kanalizdcie,

obmedzenie premavky. zniZenie aZ znicenie

tirody a pod.

Katastrofdlne sucho

Pokles prietoku, hladiny podzemnej vody,
zmraStovanie a vznik trhlin v pdde a pod.

Poziare. poruchy na stavbdch
zaloZenych na objemovo nestdlych
zemindch a pod.

Ndmraza. poladovica

Obmedzenie premdvky. havdrie, drazy,

narusenie nadzemnych elektrickych vedenf

a pod.

Opaddvanie tilomkov zo skalnych
stien, kontamindcia vod

Snehovd kalamita

Obmedzenie premdvky. poskodenie stromov

a striech

Laviny

Laviny

Ohrozenie ludi, vyvrdtenie stromov,
poskodenie objektov a pod.

Erézia. svahové pohyby

Hustd hmla

Ohrozenie dopravy

Dopravné nehody, smog

Povodne Zatopenie lizemia Zatopenie tudolnej nivy vodnych tokov, Erézia, kontamindcia vody a pddy,
poldrov a pod. svahové pohyby
Tektonické Pokles tizemia Zmeny reliéfu Podmadcanie, zatopenie tizemia
pohyby Diferencované pohyby Zmeny reliéfu Zemetrasenia, svahové pohyby. erdzia
na zlomoch

Zemetrasenia Otrasy Poskodenie a deStrukcia objektov Svahové pohyby. stekutenie zeminy.
subsidencia, zmena reliéfu, poZiare.
destrukcia budov, kontamindcia
a pod.

Sopecénd Vylevy ldvy Zmeny reliéfu. destrukcia objektov Poziare

¢innost Erupcie pyroklastik a plynu Znecistenie ovzdusia, ohnivé laviny, Zemetrasenia, kamenito-bahnité pridy

ohrozenie zdravia a Zivotov

a pod.

Zmeny lirovne mora

Zatdpanie pobreznych niZzin

Ubytok trodnej pody. zasolenie
podzemnej vody

Zvysend abrazia. salinizdcia
podzemnych vad a pod

Erézno-akumulagné
procesy

Veternd erdzia a akumuldcia
Vodnd povrchovd erézia
a akumuldcia

Odnos pddy. zavievanie komunikdcii, objektov
Splachovanie pody, vznik v¥ymolov a strii,
poskodenie a zand3anie komunikdcii a objektov

Znedlistenie ovzdusia
Kontamindcia vody

Rie¢na erdzia a akumuldcia

Zmeny pridnice vodnych tokov, podomielanie
brehov, poSkodenie komunikdcii a objektov

Zmeny drovne podzemnych vad
v prilahiych tizemiach

Abrdzia a akumuldcia na pobrezi
mori a vodnych nadrzi

Ubytok s3e. zmena reliéfu pobreZia.
strata reten¢nej schopnosti nadrzf

Zmena reliéfu pobreZia, zosuny,
zandSanie pristavov

Svahové pohyby

Plazenie, zosdvanie, tecenie,
ritenie

Zmena reliéfu, destrukcia objektov
a komunikdcif

Erdzia, prehradenie vodnych tokov

Krasovatenie

Vznik podzemnych
a povrchovych krasovych
foriem

Vznik podzemnych dutin, zmena reliéfu,

hydrologického rezimu vod, poskodenie

a destrukcia objektov

Prevalenie stropov jaskyn. unik vody
z vodnych nddrzi

Geochemické procesy
ohrozujtice zdravie

Uvoltiovanie $kodlivych zlozZiek
alebo ich nedostatok.
radonovd emandcia

Negativny vplyv na zdravie z nadbytku As,

Pb, Cd. rddioaktivnych ldtok a inych,
nedostatok I, soli a pod.

Hromadenie CO,, metdnu a inych
plynov v podzemnych priestoroch,
moznost poziaru a vybuchu

Geofyzikdlne anomadlie

Anomalie vo fyzikdlnych
poliach Zeme

Ohrozenie zdravia, poruchy pristrojov.
iénovymena a korézia potrubf

Praskanie potrubi a havdrie
vodovodov. ropovodov a pod

Kozmické vplyvy

Pdd meteoritov, nadmernd
intenzita slneé¢ného Ziarenia

Ohrozenie zdravia ludf vystavenych
slne¢nému Ziareniu, magnetické burky
a poruchy pristrojov

Cyklickd krdtkodobd a dlhodoba
zmena klimy, zemetrasenia
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Tab. 2

)
(o))
[

Nebezpecenstvd prevazne vyvolané ¢lovekom

Predominantly man-made hazards

Druh

Potencidlne nasledky

Sprievodné nebezpecia

Nebezpecenstva s nevhodnou tpravou
povrchu izemia vegetacnej pokryvky,
nevhodnd agrotechnickd ¢innost

Zmena odtokovych a infiltratnych pomerov,
degraddcia pody

Povodne, nadmerna erdzia, ovplyvnenie
podzemnych vod

Nebezpecenstvd spité s nevhodnymi
meliora¢nymi tpravami

Zmeny v rezime infiltrdcie zrdzkovej vody,
podzemnej vody a odtokovych pomerov

Znizenie priepustnosti. erozia, redukéné procesy,
ilimerizdcia, zasolovanie, vysuSenie, zamokrenie.
degradacia pody

Znecistenie ovzdusia a povrchovych vod

Ohrozenie zdravia obyvatelstva

Kontamindcia podzemnych véd, zmena biotopov

Kontamindcia horninového prostredia
od umelych hnojiv, odpadu,
portch v prevddzkach

Kontamindcia pddy. hornin a podzemnych vad.
ohrozenie zdravia ludi, thyn vodnych
zivocichov

Degraddcia Struktiry pddy, zniZenie jej priepustnosti
a aerdcie, zmena biofopov, erdzia

Nebezpecenstvo spité s problémovymi
horninami

Objemové zmeny hornin a zemin,
presadanie spraSe, sufdzia a stekutenie

Porusenie objektov

Nebezpecenstvo spité s banskou
¢innostou

Zmeny reliéfu. zavaly, prevalenie stropov
a pokles povrchu nad vytazenymi priestormi.
narudenie stability tazobnych stien, vyrony plynu

Vznik depresii, jazierok, citelné znehodnotenie
krajiny, zmeny vodného reZimu povrchovych i
podzemnych vad, vybuchy a poZiare

Nebezpecenstva spité s tazbou ropy
aplynu

Vyrony. vybuchy a poZiare.
subsidencia povrchu

Kontamindcia podzemnej vody

Nebezpecenstvd spité s vyuzivanim
podzemnych vod

Narusenie rezimu podzemnej vody, zmena
mineralizacie, zneCistenie. zmensenie az
vycerpanie zdsoby vody

Subsidencia pri zniZeni hladiny. zasolenie
a kontamindcia

Nebezpecenstvo spojené s vyCerpanim
nerastnych surovin

Strata ekonomického potencidlu krajiny

Nezamestnanost. ovplyvnenie celej Struktiry
priemyslu

Nebezpecenstvo spojené s vystavbou
a prevadzkou stavieb mestskych
aglomerdcii. antropogénnych zmien
reliéfu, haldy odpadu a odkaliska

Zmeny odtokovych a infiltratnych pomerov,
ako aj reZimu povrchovych i podzemnych vod.
odvedenie povrchovych tokov

Erdzia a akumuldcia, sufézia a stekutenie,
zanaSanie nadrzi, izostatické vyrovnavanie.
indukovand a priemyselnd seizmicita, chemicka
reaktivita podzemnej vody s konstrukénymi
materidlmi. kysld drendz odkrytych hornin.
nadmerné deformdcie a sadanie, narusenie stability
svahov, kontamindcia vody

a projektovani ¢innosti, pri 4calizacii projektu, a ak sa
vhodne definuje problém a stanovia jednoznacné ciele rieSe-
nia, potom vo vyznamnej miere aj v riadiacej ¢innosti.
Organizovany systém vstup — proces — vystup mozno
pokladat za model, na ktorom sa simulujd predpokladané
stavy a vykondvaju rozli¢né hodnotenia. Vysledky hodno-
tenia sa prezentujui grafickymi, tabulkovymi alebo

Tab. 3

digitdlnymi vystupmi. Tieto vystupy st odvodenymi dd-
tami, st vysledkom hodnotenia na bdze primarnych dat
a povySuju primdrny model na kvalitativne vy$Siu Groven.
V naSich pracach vyjadrujeme riziko takto:
R(E) = PIHD*VID*W(E) = R(I, E)*W(E);
R, = ZR(E),
kde R, = $pecifické riziko, R, = celkové riziko, E = typ

Faktory geologickych nebezpecenstiev
Factors of geological hazards

Podmienky Procesy

Geologicka stavba

Litologické zloZenie a vlastnosti hornin
Reliéf

Povrchové a podzemné vody
Klimatické pomery

Zmeny v reliéfe

Endogénne a exogénne geologické procesy
Rozvolnenie, zvetranie

Zmeny zloZenia, prietokov, hladiny, rezimu a zvodnenia
Sezonne, kratkodobé, dlhodobé klimatické zmeny a ovplyviovanie pddnej vihkosti, zvodnenia,

hladiny a reZimu vod a napétosti horninového prostredia

Fléra a fauna
Jestvujlca vystavba a infrastruktira
Projektovand vystavba a vyuZivanie tizemia

Zmeny v rastlinnom kryte a pdde. zmeny infiltratnych a odtokovych pomerov
Zmeny starnutim, poruchami
Potencidlne zmeny v prostredf spdsobené kon3trukénym usporiadanim, pracovnymi postupmi

a zdsahmi, potencidlne zmeny prirodnych pomerov

Aktudlne vyuzivanie krajiny

Zmeny pod vplyvom prirodnych procesov a ¢innosti ludi; vplyv obhospodarovania krajiny

a prevadzkovania zariadeni na prostredie, moZné poruchy a havdrie, periodické a kumulativne

zmeny v prostredf
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Zber tidajov a ich hodnotenie
Identifikdcia nebezpeZenstva

Hodnotenie Hodnotenie
nebezpeenstva citlivosti
pre prvky HODNOTENIE prvkov
systému RIZIKA systému
(fenomeno- (expozicia)
logicky)

Stanovenie rizika a jeho
charakteristika

KOMUNIKACIA
O RIZIKU

RIZIKOVY
MANAZMENT

Opatrenia Instrukcie
Monitoring Informovanie
Korekcie Osveta

Obr. 1. Schéma postupu hodnolenia rizika.
Fig. 1. Scheme of risk assessment steps.

ohrozeného prvku, I = intenzita, H = nebezpecenstvo (ha-
zard), V = zranitelnos{ (vulnerability), W = ekonomicka
hodnota ohrozeného prvku, R(E;) = riziko hodnoteného
prvku, PIH(I)| = pravdepodobnost identifikovaného nebez-
pecenstva.

Odhad environmentalneho rizika
a opatrenia na jeho zniZenie

Na zmiernenie alebo elimindciu rizika treba urcit jeho
zdroje. Zdrojmi rizika st v prvom rade nebezpecenstva.
Organickou a zdroveri samostatnou sdcastou rizika je an-
tropogénny faktor, ktory stvisi hlavne s riadenim, umies-
tenim, realizdciou a prevddzkou technického systému
v prirodnom prostredi. S riadenim uzko savisi tok infor-
macii z prirodnych a technickych systémov do sociosféry
a medzi zlozkami socidlnej sféry a aj tu je zdroj rizik.
Z toho vychodi nevyhnutnost ststredil sa tak na tok
hmoty a encrgic medzi zlozkami skiimaného systému
a ich okolim, ako aj na troven a tok informdcii v rdmci
riadiacich zloZiek a zo skimaného systému i jeho okolia
(obr. 2). Na minimalizdciu rizik sa pouziva rizikové
riadenie (riskovy manazment), ktoré sa v poslednych
rokoch prudko rozvija.

Pri odhade rizika sa okrem bezpecnosti a potreby trvalo
udrzatelného rozvoja v stédle rasticej miere berd do dvahy
ekonomické ukazovatele a ¢as, a tak stipa vyznam odha-
du rizika a jeho percentudlneho vyjadrenia pri kazdej ¢in-
nosti. Riziko definované ako mozny désledok nebez-
peCenstva pre nositela rizika je zjavne ekonomicka kate-
gdria. V tejto stvislosti si treba uvedomit, Ze malo prav-
depodobné nebezpecné javy, ale s velkymi dosledkami
mdzu byt rovnakym rizikom ako vysoko pravdepodobné
nebezpecné javy s relativne mensimi désledkami.

Pri geologickom riziku je Usilie znizit ho na prijatelnu
Groven (na tzv. prijatelné, akceptovatelne riziko), Co
mozno dosiahnuf zniZenim pravdepodobnosti vzniku ne-
bezpecnej udalosti, znizenim jej ddsledkov alebo kombi-
naciou obidvoch. V silade s tym sa pri hodnoteni rizika
spravidla postupuje v troch fazach:

V prvej faze je Usilie identifikoval nebezpeCenstvo
a stanovil jeho pravdepodobnost (1. j., Ze sa stane nieCo
neziaduce) na zdklade analyzy rozhodujicich faktoroy
a hladaju sa sposoby, ako sa da pravdepodobnost znizil.

V druhej faze sa hladaji moznosti (projekiové, varov-
né, bezpecnosiné a technologické), ako zmensit dosledky
nebezpecnej udalosti.

V poslednej faze sa ekonomickou analyzou hladd opti-
mdlna kombindcia opatreni na zniZenie rizika.

Pre znizovanie rizika je velmi dolezité kontrolné sledo-
vanie (monitoring). Za velmi efektivnu sa pokladd obser-
vacnd metdda. 1de v podstate o monitoring, avsak zvy-
raziiuje sa spitnd viizba na spresiovanie modelu spravania
sledovaného systému a optimalizaciu opatreni smeruji-
cich tak k zniZeniu pravdepodobnosti vyskytu potencidl-
neho nebezpedenstva, ako aj jeho dosledkov. ak nastane
(napr. Vanicek, 1999). Tak sa vytvdraji predpoklady na
primerané dimenzovanie opatreni pri re$pektovani pozia-
daviek na bezpecnost, kvalitu a hospoddrnost. V tejto si-
vislosti treba zddraznit, Ze monitoring systému, meracie
zariadenie, ako aj interval merani sa musia navrhnut
s ohladom na sledovany Gcel. Prili§ ¢asto sa totiz stdva,
7e sa navrhne ndkladny monitoring, ale dodatocne sa zisti,
7e neplni pozadovany Gcel. Stc¢astou metodiky monitoringu

e TTTTIIE TSI
;
ﬁ Riadiaca ¢ast sociosféry

Legislativa

Skumany systém

t
Lo X,

Technicky
subsystém

Prirodny
i, subsystém

K Okolie skiimaného systému /

<>
<>

Obr. 2. Systémové vziahy identifikujtice ok informdcii medzi riadia-
cou sférou a riadenymi systémami a tok energie a materidlu medzi
systémami (podla Ondrasika. GajdoSa a Banskej. 1999).

Fig. 2. System relations identify the information paths between mana-
gement and managed systems and energetic and material flows
(according to Ondrasik, Gajdos and Béanskad, 1999).

energiovo-materidlovy tok
informalnv tok
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je aj stanovenie hodndt tzv. varovnych stavov, teda sta-
vov v sledovani istého systému, ktoré vyzaduju prijatie
istych opatreni v spdsobe kontroly, ako aj na zniZenie
pravdepodobnosti potencidlneho nebezpecenstva alebo
jeho moznych dosledkov.

Postup pri zniZzovani rizika zavisi od toho, akd miera
rizika je prijatelnd a kolko finan¢nych prostriedkov je
Gcelné na to vynalozif. Na tito otdzku musi odpovedat
objednavatel alebo investor, ale prefiho treba na konkrét-
ny projekt spracovat komplexnt rizikovi analyzu, stano-
vit spolahlivy rozhodovaci algoritmus a dodat dofi nevy-
hnutné informécie. Na to sa voli maximalisticky alebo
optimaliza¢ny pristup.

Pri maximalistickom pristupe sa neberie ohlad na finan-
¢né ndklady. Pouziva sa, ak ide o ludské Zivoty alebo
ak st potencidlne dosledky nebezpeCenstva nevycislitelné
alebo sa nedajui kvantifikovat (napr. pri dloziskdch radio-
aktivneho odpadu), v situdcii, ked' sd ndklady na znizenie
rizika zanedbatelné alebo ak sd rozhodujicim kritériom
iné ako ekonomické zaujmy, napr. politické, etické
a pod.

OptimalizaCny pristup sa zaklada na optimalizécii na-
kladov na zniZenie rizika a na ekonomickom efekte, ktory
sa zniZzenim rizika dosiahne. Pri tomto pristupe sa vycha-
dza z predpokladu, Ze je funkcia f(r) medzi ndkladmi, ktoré
sa musia na zniZenie rizika nevyhnutne vynaloZit, a do-
siahnutym efektom, t. j. skuto¢ne dosiahnutym zniZenim
rizika. VSeobecné tvary funkcie f(r) st naértnuté na obr. 3.
Je zrejmé, Ze sa bude dosahovany efekt (t. j. dosiahnuté
znfZenie rizika) s rastom vynaloZenych nakladov spravidla
zvicSovaf, ale postupne s mensim rastom. Konkrétny
priebeh tejto funkcie v3ak zavisi od povahy konkrétneho
nebezpecenstva a od typu a stavu skutoénych prvkov rizi-
ka. Podla doterajSich poznatkov mozno priebeh (1) pokla-
dat za mdlo redlny a skor mozno ofakavat priebeh (2)
a (3), prip. iny podobny. Pri uvedenych krivkdch sd na-
klady optimdlne, ked sa pomer zniZenia rizika a velkosti
nakladov pohybuje okolo hodnoty jeden, ¢o je situdcia,
ktord sa md pri metdde zniZzeného rizika dosiahnut.

Medzi zdkladné opatrenia na minimalizdciu rizika
patria: |. prijatie rizika, t. j. moZnych strat a $kdd ndsled-
kom nebezpecenstva, 2. inZinierske rieSenia s technicky-
mi opatreniami, 3. vytvorenie varovnej sluzby pre nebez-
peCenstvo a pripadnd evakudcia obyvatelstva, 4. opuste-
nie nebezpecnych oblasti a ich iné vyuZivanie.

Pri ndvrhu a rozpractvani opatreni je nevyhnutnd
spolupraca odbornikov z rozli¢nych oblasti, ale treba mat
na zreteli aj to, Ze ich prijatie alebo odmietnutie je Casto
politickym rozhodnutim, a preto sd potrebné aj konzul-
tdcie so zodpovednymi riadiacimi pracovnikmi.

Zaver

Urbanizatnd a hospodarska ¢innost mdva na antro-
pogénne diela a prirodné prostredie aj negativny vplyv.
Pri hodnoteni dosledkov interakcie medzi technickym die-
lom a prirodnym prostredim treba identifikovat nebez-
pecenstvd (hazardy), ktoré potencidlne vytvaraji obidva
systémy, postdit podmienky a pravdepodobnost, Ze isté

oblasti optimalnych nékladov

velkost zniZenia rizika

{ e T T T T 1
naklady na zniZenie rizika

Obr. 3. Rozli¢né podoby zdvislosti velkosti zniZenia rizika od pouZi-
tych ndkladov v zdvislosti od povahy nebezpeCenstva a rizikovych
faktorov.

Fig. 3. Diagram for determination of effective cost to minimize a risk.

nebezpelenstvo nastane, a jeho negativny vplyv na prvky
hodnotenych systémov, na $kody, ktoré v nich sposobi,
a napokon na zdklade ziskanych vysledkov navrhnit opatre-
nia na znizenie (alebo vylticenie) rizika a moznych $kod.

Hodnotenie rizika je v si¢asnosti moZzné a pri dostatoc-
nej poznatkovej baze sa dd pripravit optimdlny ndvrh
(s prijatelnym rizikom) na budovanie technickych systémov
v prirodnom prostredi, a to tak z hladiska efektivnosti
vyuzivania technickych prostriedkov, ako aj z pohladu
trvalo udrzatelného Zivota. Optimdlne rieSenie vyzaduje
zku spolupracu odbornikov z oblasti prirodnych, tech-
nickych aj socidlno-ekonomickych odborov.

Prispevok bol spracovany v rdmci grantovej ilohy 1/5216/98
a 1/7190/20.
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Geological risks and their pre-design assessment

Activities and engineering constructions, threatened by
geohazards, are exposed to a risks. Total and specific risks are
distinguished. A specific risk — the expected degree of loss due
to a particular potential phenomenon. A total risk is expressed
by probability of the occurrence of potentially dangerous phe-
nomenon resulting a lost of lives, persons injured, damages to
properties, or disruption of economic activity. Hazards are
subdivided into two basic groups — natural and man-made ha-
zards. However, a man with inadequate activities can share on
the source of the risk by interference to the natural setting and
generates slope instability, ground water pollution etc.

Risk assessment involves identification and assessment

Stanovisko c¢lena redakcnej rady k prispevku
R. Ondrasika a V. Gajdosa Geologické rizikd
a ich hodnotenie v projektovej priprave, pripra-
veného na zverejnenie v casopise Mineralia Slovaca

Vzhladom na doteraj3iu nejednotnost v pouZivani terminu
risk, hazard a dal3ich s nimi suvisiacich pojmov pouziva-
nych najmi v slovenskej inzinierskogeologickej pospoli-
tosti pokladdm prispevok R. Ondrédsika a V. Gajdosa za vel-
mi aktudlny a uZito¢ny, ale pretoZe po jeho zaslani do redak-
cie jeden z autorov — prof. R. Ondrasik — inicioval interneto-
vi diskusiu o terminoch tohto druhu, ako recenzent som na-
vrhol odlozit jeho publikovanie do uzavretia diskusie. Dalo
sa totiz predpokladat, Ze sa v jej ramci budu definicie niekto-
rych terminov modifikoval alebo sa po pripomienkach po-
prednych inzinierskych geolégov aj prepracujd. Autori nd-
vrh odloZit publikovanie prispevku do ujasnenia vietkych
relevantnych pojmov neakceptovali s odévodnenim, Ze ter-
min skoncenia diskusie nie je jasny.

Na vysvetlenie mdjho stanovisko uvddzam niekolko fak-
tov a pozndmok.

13. decembra 2000 sa z iniciativy prof. R. Ondrédsika ko-
nal v Bratislave terminologicky semindr s cielom uzavriet
internetovi diskusiu o najddlezitej§ich terminoch suvisia-
cich s pojmom hazard a risk a definovat ich. Zucastnili sa na
fnom popredni inZinierski geoldgovia, a to prof. RNDr. R.
Ondrasik, DrSc., doc. RNDr. R. Holzer, CSc., doc. RNDr. J.
VI¢ko, CSc., doc. RNDr. F. Baliak, CSc., RNDr. I. Vojtagko,
CSc., RNDr. I. Modlitba, CSc., doc. RNDr. P. Wagner, CSc.,

of particular hazards in the area under consideration, exposi-
tion of the area (population, property. and infrastructure) to
probable impact of potentially dangerous phenomenon.
Geographical information systems are suitable tools for mo-
deling and presentation of the risk assessment.

Four basic measures may be taken for minimizing the risk:
1. to take a risk into consideration, 2. engineering solution
with technical measures, 3. warning system with eventual
evacuation, 4. abandon hazardous areas.

A risk assessment requires a team work of experts from
various areas of science, technique and socio-economics,
as well as cooperation with policy makers.

doc. RNDr. Ing. M. Slivovsky, CSc., RNDr. M. Fabidn, Ing.
L. Petro, CSc., ako aj niekolko doktorandov z Katedry inZi-
nierskej geoldgie Prirodovedeckej fakulty UK.

Vysledkom semindra bol ndvrh definicif prerokivanych
terminov, ako aj ndvrh na ich publikovanie v Geovestniku
Casopisu Mineralia Slovaca. Publikovanie definicii mal pri-
pravit prof. R. Ondrasik. Z dohodnutych definicii je zrejmé,
rizika, celkové riziko, expozicia a pod., bola redefinovand,
resp. sa doplnili nové pojmy a prislu§né terminy, napr. hod-
notenie rizika, hodnotenie hazardu, faktory geologického rizi-
ka ¢i faktory geologického hazardu a pod. NavySe sa dplnd
zhoda v definicidch niektorych terminov (hazard, citlivost)
dohodnutych na spomenutom semindri nedosiahla dodnes.
O niektorych terminoch opétovne otvoril diskusiu prof. R.
Ondrasik.

Vzhladom na uvedené nepokladdm za vhodné publikovat
prispevok obsahujtici definicie pojmov suvisiacich s hazar-
dom ¢i riskom neakceptované spomenutymi odbornikmi,
lebo aj napriek pripadnému zverejneniu dohodnutych a akcep-
tovatelnych definicii v niektorom z buducich ¢&isiel Geovest-
nika ¢asopisu Mineralia Slovaca by nesporne vznikali nedo-
rozumenia nielen pri komunikdcii medzi inZinierskymi geo-
l6gmi, ale aj v Sirokej geologickej obci. RieSenim by azda
bola publikdcia zjednocujtica vyvoj ndzorov na definicie poj-
mov suvisiacich s hazardom a riskom obsahujica aj definicie
prijaté odbornikmi na spomenutom semindri.

Ing. Lubomir Petro, CSc.
clen redakcnej rady Mineralia Slovaca
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Antimén v prirodnych vodach oblasti antimonitovych zil
v Petrovej doline pri Poproci

NATALIA BACOVA
Statny geologicky tistav Dionyza Stira, Jesenského 8, 040 01 Kogice
(Dorucené 27. 7. 2000, revidovand verzia dorucend 27. 9. 2000)

Antimony in natural waters of antimonite veins area in the Petrova dolina valley near Popro¢

The hydrothermal antimony veins of the ore field near Popro¢ (eastern part of the SpiSsko-gemerské
rudohorie Mts.) were exploited till 1964, The paper deals with the presence of the antimony in natural
waters in the area of recent mining. The earlier data on antimony content in waters are rare (probably
because the antimony was not considered as toxic element and its permissible concentration was not de-
fined by technical standards). The antimony concentrations in natural waters in the deposit and its sur-
roundings were systematically studied only in the nineties. The established concentrations in the Petrova
dolina valley near Popro¢ are by two orders of magnitude higher than the limits permitted for potable
water in our country and in the world. The analysis of the relation between Sb-content and total dissol-
ved solids in the Ol3ava brook located the narrower input area of antimony in the surface water within

an extensive hydrogeochemical Sb-anomaly due to mining activities.

Key words: Popro¢, antimony, natural waters, regime monitoring, mining activity

Uvod

Petrova dolina, leZiaca na S od Poproca, je z historie
znama tazbou Sb rdd. Antimonitové loziskd (poprocsky
zilny systém s antimonitovym typom Zilnej mineraliza-
cie: zila Anna-Agneska, Filip, Barbora, Lazy, Borovi¢nd
horka — Grecula et al., 1995) boli v tejto Casti Spissko-
-gemerského rudohoria predmetom intenzivneho kutania
a fazby v 19. a zaCiatkom 20. stor. Popro¢sky typ Sb
zrudnenia reprezentuji antimonitovo-kremenné Zily a je
roz§ireny v aureole poproCského granitového masivu.
Zily vystupuju hlavne v telesach zelenkastého kremitého
fylitu a viazu sa na strmo sklonené tektonické linie
vyplnené tektonickym flom. V Sb zrudneni je GZitkova
zlozka vertikdlne aj horizontdlne rozloZena velmi nepravi-
delne. Zrudnenymi tsekmi si vid¢Sinou malé Sofovky
(Rozloznik, 1980).

V rokoch 1992-1996 v oblasti Poproca prebichal vy-
hladdvaci prieskum (Kali¢iakova et al., 1996) s cielom
zistit moznu kontamindciu Zivotného prostredia starymi
haldami, skladkami a odkaliskami Sb loZisk. V dvoch na-
sledujlicich rokoch sa pri vyhladdvacom hydrogeologic-
kom prieskume Studovala banskd voda v priestore od Me-
dzeva po Zlati Idku (Bacova et al., 1998) a zistovala sa
moZznost jej vyuZivania ako pitnej vody. V obidvoch pri-
padoch sa okrem iného ziskal rad novych poznatkov
o vplyve lozisk rudnych surovin s metamorfno-hydroter-
malnou Zilnou mineralizdciou na chemické zloZenie
(kvalitu) prirodnych vod.

Hydrogeologické pomery

Skidmany priestor patri do hydrogeologického rajonu
G 137 (Paleozoikum Volovskych vrchov v povodi
Bodvy) a buduji ho najmd horniny paleozoika — fylity,
diabdzy, bridlice, pieskovec a kvarcity so slabou puklino-
vou priepustnostou (Suba et al., 1984).

Zdrojom podzemnej a banskej vody je zrazkovd voda,
ktord prenika do horninového prostredia nielen tektonic-
kymi poruchami a puklinami v pripovrchovej zéne zvet-
rdvania, ale aj cez staré banské diela, ktoré tiez plnia
vyznamnd akumulaénd aj komunika¢nd funkciu. Infil-
tra¢nou oblasfou v priestore st horniny drnavského sivrs-
tvia, ale najma suvrstvia Bystrého potoka — sericiticko-gra-
fitické, grafiticko-sericitické a kremenno-sericitické fyli-
ty, metaryolitové tufity, metamorfované kremenné droby
(Bajanik et al., 1983) s nizkou puklinovou priepust-
nostou a koeficientom prieto¢nosti 1.10¢ = 1.10° m2.s’!
(Malik et al., 1990).

Chemické zlozenie prirodnych vod

Geologické prostredie — antimonitovd mineralizdcia
v Petrovej doline pri Poproci alebo sideritovo-sulfidicka
v §irSom okoli — vyrazne ovplyviuje chemizmus pri-
rodnych vod. Makrochemické zloZenie podzemnej vody
sa pri prebiehajicom rozklade sulfidov meni od Ca(Mg)-
-HCO; na Ca(Mg)-SO, typ (podla klasifikdcie Sukareva,
zalozenej na principe prevlddajtcich i6nov — Klimentov,
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Obr. 1. Chemické zloZenie banskej vody priestoru Medzev — Zlata Idka.

Fig. 1. Chemical composition of mine waters in the area of Medzev — Zlata Idka.

1980). Obr. 1 poddva prehlad o chemickom zlozeni ban-
skej vody v priestore Medzev — Zlatd Idka (SirSie okolie
Poproc¢a). Chemizmus je vyjadreny urujdicimi charakte-
ristikami podla klasifikdcie Gazdu (1971). Stipcovy graf
vystizne zobrazuje mieru vplyvu sulfidickej mineralizacie
na chemizmus vod prislu$nej oblasti. V Petrovej doline
pri Poprodi (obr. 2) ma banskd voda zo §tdlne Barbora
a Niznd Anna zdkladny Ca(Mg)-HCO; typ chemizmu, ale
zo S$tolne Agnes a z bezmenne] (oblast Borovi¢nd hdrka)
uz zakladny Ca(Mg)-SO, typ (druhd sulfatova salinita
je az okolo 60 ekv. %).

Antimoén v prirodnych vodach

Sb sa pokladd za stredne migrujici aniénogénny chal-
kofilny prvok (Kirjuchin et al., 1993) vyskytujici sa vo
vodach prevazne v oxidacnom stupni +I1I a +V, CastejSie
ako patmocny (Fergusson, 1990). Aj v banskej vode
v priestore niekdaj$ej tazby pri Poproci je pravdepodobne
zastipeny v aniénovej forme a ako piatmocny ($tdliia
NiZnd Anna; Drabik, os. informdcia, 1997; $t0lna
Barbora; Boksanskd, os. informdcia, 1997).

Sb je v prirodnych vodach sledovanej oblasti prirodze-
ného pdvodu. Dostdva sa do nich
— pri prebiehajicom rozklade minerdlov s obsahom Sb,
hlavne antimonitu (v mensej miere berthieritu, bour-
nonitu, jamesonitu, tetraedritu; Kodéra et al., 1990) a

— z oblasti silne zneCistenej zvy$kami po neddvnej fazbe
a spracuvani rudy.

Priemerna koncentracia Sb v kontinentdlnych vodach je
1,53 ug.I"t (Kolotov et al., 1983). U nds byva najvysSia
koncentrdcia Sb v oblastiach s vyskytom rudnych forma-
cii a asocidcii hlavne v SpiSsko-gemerskom rudohorf,
Nizkych Tatrdach a v Malych Karpatoch (Rapant et al.,
1996). Aritmeticky priemer obsahu Sb v podzemnych vo-
ddch Slovenska je 0,8 ng.I"Y, medidn 0,1 pg.l"" (v rdmci
citovanej dlohy sa analyzoval vyberovy stibor 16 000
vzoriek). V priestore Popro¢a Sb anomdlne prekracuje
toxikologické ukazovatele v mape kvality prirodnych vod
(Rapant et al., 1993) zostavene] v rdmci ilohy Stbor mép
geofaktorov zivotného prostredia v mierke | : 50 000
regionu Hornddska kotlina a vychodnd Cast Slovenského
rudohoria (Husdr, 1993). Na obr. 2 je obsah Sb v prirod-
nych voddch tzemia vyjadreny velkostou krizkov a v celom
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Tab. 1

371

Charakteristiky opisnej Statistiky vyberovych stiborov udajov o obsahu Sb a o mineralizécii zistené
pri reZimovom pozorovani v profile 1-6 potoka Olsava
Statistical sample characteristics of antimony content and total dissolved solids obtained by regime
monitoring in the profiles 1-6 in the Olsava brook

Cislo profilu
Niektoré charakteristiky 1 2 3 4 5 6
opisne;j Statistiky
obsah antiménu (Lg.1'!)
aritmeticky priemer 2156 4359 430,7 478,5 370,1 2988
medidn 191 397.5 397.5 509,5 343,5 291.,5
sm. odchylka 90.8 1424 143,7 117,9 75,6 69.8
rozptyl vyberu 82403 20281,9 206542 13892.8 5721,0 4868,0
minimum 89 237 202 237 235 180
maximum 350 6350 6350 640 500 400
rozdiel max-min 261 413 448 403 265 220
pocet 12
koeficient varidcie 42,11 32,67 33,37 24.63 20,44 2335
mineralizdcia (mg.l"")
aritmeticky priemer 122.2 2156 2177 218.6 2299 270.8
medidn 114,5 178,0 176.5 178,5 215,5 249.,0
sm. odchylka 31,0 813 84,9 79,7 76,4 81.5
rozptyl vyberu 960.5 66144 7205,9 63594 5843,0 6638,2
minimum 87 120 119 134 150 163
maximum 180 343 337 338 396 417
rozdiel max-min 93 223 218 204 246 254
pocet 12
koeficient varidcie 25,37 37,73 39,00 36,48 33,25 30,09

1-6 — ¢isla profilov vykonaného rezimového pozorovania (pozri obr. 2)

zobrazenom priestore je o rdd, ba va¢Sinou az o dva rady
vy$S§i. Vynimkou je iba podzemnd voda relativne plyt-
kého obehu mimo priestoru tazby. V povrchovej vode
sledovaného dseku potoka Ol3ava je obsah Sb sto a viac
rdz vyssi nielen v kontaminovanom priestore s mnoz-
stvom hdld, skladok a odkalisk, ale aj mimo neho (obr. 2
a tab. 1). Vysledky geologickych prac potvrdzuji velky
vyznam Sb ako vyhladdvacieho hydrogeochemického
priznaku, ktory v tomto pripade mapuje uz zndme Sb
zrudnenie, resp. Sirsi priestor znecistenia prostredia neddv-
nou banskou ¢innosfou a spracdvanim rudy.

ReZimové pozorovanie obsahu antiménu v povrchovej
vode potoka OlSava (Petrova dolina pri Poprodi)

Pri spracivan{ a hodnoteni vysledkov rezimového
pozorovania chemizmu povrchovej vody potoka OlSava,
ktory pretekd loZiskom antimonitu v Petrovej doline pri
Poproci, sme vzhladom na sledovany ciel osobitnd po-
zornost venovali najddleZitej$im charakteristikdm chemiz-
mu, a to mineralizcii povrchovej vody potoka Ol3ava,
druhej sulfatovej salinite (Gazda, 1971), ale hlavne Sb.
V 1ab. 1 je Statistickd charakteristika vyberovych stiborov
Gdajov o mineralizdcii a koncentrdcii Sb ziskand v obdob{
pozorovani. Obr. 3 a 4 vyjadrujd zakonitosti zmien sledo-
vanych parametrov chemizmu v hydrologickom roku
1994. Zhodnotenim vysledkov sme dospeli k nasleduji-
cim poznatkom:

— V sledovanom tseku potoka OlSava sa maximdlny
obsah Sb zistil v priestore héld, sklddok a odkalisk (profil
pozorovania 2—4, tab. 1). Najvyssia koncentrdcia Sb sa tu
zistila v ¢ase najnizSieho prietoku (august — november)
a najnizsia pri vysokej vodnosti a maximalnom prietoku
(janudr — april).

— Sb sa v povrchovej vode Ol3avy pri ro¢nom rezimo-
vom pozorovani pod priestorom niekdajsej tazby (v profi-
le 5 a 6) spraval odlisne. V profile 6 sa na rozdiel od spo-
menutého priestoru najmenej Sb zistilo v lete aZ v nesko-
rej jeseni (august — november) a najviac v zime a na jar.

— S rasticim mnozstvom zrazok obsah Sb v povrcho-
vej vode klesal.

— Z grafu zmien mineralizdcie povrchovej vody potoka
OlSava pocas rezimového pozorovania (obr. 4) — okrem oje-
dinelych vynimiek — zretelne vidief v§eobecne platnd zdko-
nitost rastu obsahu minerdlnych latok vo vode v smere
toku (dokumentuje to aj tab. I). Registruji sa kratkodobé
(mnozstvo zrazok), ale aj sezénne vplyvy na celkovd mine-
ralizdciu. Najvy$Siu mineralizdciu ma povrchovd voda
v lete a na jesen a najniZSiu v obdobi vysokého prietoku (ob-
dobie intenzivnych zrdZzok, topenie sa snehovej pokryvky).

— Obr. 3 ilustruje vztah medzi obsahom Sb v povr-
chovej vode a jej mineralizaciou. Kym v priestore niek-
dajSej tazby obsah Sb stipal s rastom mineralizdcie
[r = 0,72-0,92 (pri n = 12 v profiloch meran{ 1 az
4 — obr. 2) — Statisticky vyznamné hodnoty koeficienta
koreldcie na hladine vyznamnosti 0,05], mimo neho sa
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Obr. 2. Situaénd mapa priestoru niekdajSej fazby Sb v Petrove] doline pri Popro¢i s vyznatenim profilov rezimového pozorovania na potoku
OlSava a so znazornenim obsahu Sb v prirodnych vodach.

Fig. 2. Layout of late antimony mining area in the Petrova dolina valley near Popro¢, the regime monitoring profiles in the Ol$ava brook
and the distribution of Sb-content in natural waters.



N. Bacovd: Antimon v prirodnych voddch oblasti antimonitovych Zil v Petrovej doline pri Poproci

373

01 02 23 04 «5 -6

? =036

300 4 --f---e- e NG

N
[$)]
o
1

200 - - Y5 = 0,09x + 195,97|
: = 0,01

mineralizacia (mg.I"")

150 4 - -
100 {

50J

profily rezimovych pozorovani
na potoku Ol3ava

__________ .. 1Y2=0,53%- 14,46
?=0,85

Yo = 0,48, - 13,11
=051

R

i ?=0,74

0 300

400
obsah Sb (pg.l'1)

700

Obr. 3. Vztah medzi obsahom Sb a mineralizdciou v povrchovej vode potoka Ol3ava.

Fig. 3. Relationship between antimony concentration and Total dissolved solids in the surface water of the OlSava brook.

nardGsal (profil 5), ba v najnizSom profile pozorovania
(profil 6 na obr. 2) sa s rastom mineralizacie uz zazna-
menal pokles koncentracie Sb [(r = -0,60 pri n = 12 — obr.
3), tiez platny linedrny korelacny vzfah na spomenutej
hladine vyznamnosti]. Na obr. 3 na takito zmenu korela-
cie — zistend medzi Studovanymi parametrami v smere
toku potoka Ol3ava od profilu 1 po 6 (Sipky) — upozor-
nuje aj zmena sklonu regresnych priamok charakterizujd-
cich dany vztah v jednotlivych profiloch pozorovani (od
kladnych hodndt cez takmer nulovd po zapornt). Opisa-
na zmena kladnej korelacnej zdvislosti medzi mineraliza-
ciou a mnozstvom Sb v povrchovej vode na zdpornd
v smere toku pravdepodobne odrdza fakt, Ze pod dzemim
niekdajSej fazby (s vyskytom héld, sklddok, odkalisk
a vytokov banskej vody zo starych §toInf) — teda pod ob-
lastou antimonitového zrudnenia — profil 5 a 6 — uz nie
je zdroj Sb, ktory by povrchové vody dotoval. Stipnutie
mineralizdcie povrchovej vody (v tom istom profile v ¢a-
se) odraza pokles podielu zrazkovej vody na prietoku po-
vrchového toku, teda zvyseny podiel podzemného odtoku

na celkovom odtoku zo sledovaného priestoru (pokles
povrchového odtoku). Ale ak tam prave v Case rastu mi-
neralizdcie obsah Sb naopak klesd, zrejme to znali, Ze
v horninovom prostredi uz zdroj tejto minoritnej zlozky
chemizmu prirodnej vody chyba (navonok registrovany
pokles mnoZstva Sb v I | vody je isto vysledkom
vy$8ieho podielu podzemnej vody s vy$Sou mineralizd-
ciou na celkovom prietoku potoka Olsava, ktord uz po-
chddza z prostredia bez vyznamného zdroja Sb). KedZe
napriek tomu bola priemerna koncentrdcia Sb v profile 6
v Case pozorovania eSle anomalne vysoka (tab. 1), pred-
pokladdme, Ze sa Sb povrchovou vodou potoka OlSava
podzemnu vodu SirSej oblasti.

— Pri kratkodobejsich vydatnejSich dazdoch obsah Sb
klesal v celom monitorovanom useku OlSavy. V profile
5 a6 (najmd 5) sa amplitidy kolisania obsahu Sb v povr-
chovej vode sposobené dlhodobejsimi, sezonnymi klima-
tickymi zmenami od amplitid vyvolanych kratkodobej-
§imi vplyvmi (obdobie bohatSie na zrazky) neodliSuju.
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Obr. 4. Vysledky reZimového pozorovania vybratych kvalitativnych parametrov povrchovej vody potoka Ol3ava.
Fig. 4. The results of regime monitoring of selected qualitative parameters in the surface water of the Ol3ava brook.



N. Bacovd: Antimon v prirodnych voddch oblasti antimonitovych Zil v Petrovej doline pri Poproci

Sb sa do povrchovych vod dostdva najmad zo starych
hald, sklddok a odkalisk, ako aj vytokom banskej vody zo
starych $tolni (vacsinou so zavalenym dstim) alebo skry-
tym prenikanim podzemnej vody do potokov. Vysoky
obsah Sb sa zistil v banskej vode zo $tdlne Barbora, Niz-
nd Anna a Agnes, ktord vteka do OlSavy (obr. 2). Napri-
klad v Case reZimového pozorovania banskej vody SirSie-
ho priestoru Medzev — Zlata Idka v hydrologickom roku
1997 (Bacovd, 1998) bola priemernd koncentracia Sb
v banskej vode zo Stdlne Barbora 340 pg.l! (priemernd
vydatnost bola 1,95 .s™" a 330-dennd 1,01 L.s™). V banskej
vode zo §tlne Agnesa sa zistil obsah 480 pg.I"" a z Niz-
nej Anny az 1563 pg.l"! (vydatnost vytoku vody z tejto
S$tolne stanovena objemovou metddou je asi 3 Ls).
To moze dokumentovat alebo vysvetlovat vysoki kon-
centraciu Sb (aj jej stipanie) v letnom, najmd bezzrazko-
vom obdobi, ked sa banskd voda vyznamnejsie zicastiiuje
na celkovom prietoku Olsavy.

Antimon a novelizovana STN 75 7111

Od roku 1998 plati novelizovand STN 75 7111 Pitna
voda, ktord stanovuje limitni hodnotu Sb v pitnej vode
5 pg.I'l. Predtym sa na Slovensku pripustna koncentracia
Sb v pitnej vode neurCovala a vacsinou ani nesledovala.
5 ug. 1"" ako limit, ktory treba pri dprave vody dosiahnut,
uvddza aj Svetova zdravotnicka organizdcia (WHO). Podla
americkej normy (EPA) ma Sb na ludsky organizmus
karcinogénny ucinok a jeho limit v pitnej vode je 6 p1g. 1.
V banskej vode Studovaného priestoru, ako aj v povrcho-
vej vode potoka OlSava je obsah Sb 50 az 100 rdz vyssi,
ale nariadenie vlddy SR 242/1993 Z. z. pripustni kon-
centraciu Sb v povrchovych vodach nestanovuje.

Po sprisnen] poZiadaviek novelizdciou normy
STN 75 7111 v mnohych castiach Slovenska vznikli
tazkosti pri zdsobovani obyvatelstva pitnou vodou.
V poslednych rokoch pred novelizovanim tejto normy sa
zaCala overovaf technoldgia odstrafiovania As a Sb pri
prave vody na pitnid (VUVH — Olejko, 1996; Geosan,
s. r. 0., Bratislava — Drdbik, os. informadcia, 1997).

Sb a As maji podobné toxické vlastnosti, ale Sb je
ovela Skodlivejsi. Podobne ako As je trojmocny toxic-
kejsi ako v piatom oxida¢nom stupni. Medzi symptémy
otravy Sb patri hnacka, pokles telesnej teploty, spomale-
né dychanie, kym poskodenie srdca, peene a obliciek
st chronickymi ndsledkami (Fergusson, 1990).

Zaver

V neddvnom obdobi sa v Popro¢i uvazovalo aspon
o Ciastotnom rieSeni nedostatku pitnej vody vyuZitim
banskej vody. Z vysledkov hydrogeologickych prac, ktoré
sa v ostatnom Case v priestore niekdajsej tazby Sb rudy
v Petrovej doline pri Popro¢i vykonali, vyplyva, Ze prave
pre vysoky obsah Sb nie je banskd voda z tohto priestoru

na pitie vhodnd, hoci md pomerne vysokd (aj ked

nestdlu — napr. voda zo $tdlne Barbora; Batovd, 1998) vy-
datnost. Povrchovou vodou sa Sb prendSa na relativne
velkid vzdialenost od primdrneho zdroja a ddsledkom
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moze byt aj jeho nepripustne zvyseny obsah aj v prirod-
nych vodach v §irSom okoli, ktory sa doteraz neoveroval.
Sb zrudnenie v Petrove] doline pri Poproci sa prejavuje
vy88im obsahom Sb v prirodnych vodéch. Jestvujicu kon-
trastnd sekunddrnu hydrogeochemickud aureolu rozptylu
s vysokym obsahom Sb sposobila najméd neddvna (do roku
1964) intenzivna antropogénna banskd ¢innost v tejto ob-
lasti. Haldy, skladky, odkaliska a banskd voda sa v stcas-
nosti na celkovom obsahu Sb v povrchovej vode zicastiiu-

ja v ovela vi¢Sej miere ako prirodné akumuldcie Sb rid.
Zhodnotenie vztahu medzi celkovym obsahom mineral-
nych ldtok a koncentraciou Sb v sledovanom Utseku poto-
ka OlSava (resp. zmien zisteného linedrneho korelacného
vztahu v smere toku) ndm v ramci rozsiahlej hydrogeo-
chemickej anomdlie umoZznilo vymedzit pravdepodobny
priestor prieniku Sb do povrchovej vody. Z toho je zrej-
mé, Ze Stidium zmien vziahu dvoch vhodne zvolenych
makrozloziek alebo mikrozloziek chemizmu vody (spra-
covanim tdajov z dlhodobejsieho pozorovania kvality pri-
rodnej vody) mdZe byl vhodnou metédou na lokalizaciu
uzsieho priestoru dotécie sledovaného komponentu.
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Antimony in natural waters of antimonite veins area
in the Petrova dolina valley near Popro¢

Antimony ores north of the Popro¢ village with remain-
ders of mining and ore processing distinctly affect the che-
mical composition of natural waters in the area and its sur-
roundings. Synoptical information on antimony concentra-
tions in the waters of the studied area is given in Fig. 2. Gra-
phical and statistical evaluation of the data obtained by regi-
me monitoring of natural waters show the importance of an-
timony as exploration indicator. Evaluation of correlation
between the antimony concentration and total dissolved so-
lids content in the water of the Olsava brook flowing thro-
ugh the deposit made possible to locate the area of antimony
input into surface waters.

The relation between Sb-content and total dissolved solids
in the surface water is presented in Fig. 3. While in the area
of mining and ore processing the antimony concentration
increases with TDS, downstream this relation ceases to be
observable and in the lowest observation point (profile 6 in

Fig. 2) even a decrease in Sb-concentration with increasing
TDS has been observed. This change is indicated also by the
change of regression line slope (from positive to negative
values) characterising the studied relationship in individual
observation points. The described downstream change of po-
sitive to negative correlation is probably caused by absence
of important sources of antimony below the area of former
mining with mine dumps, setting pits and outflows of old
mine adits.

Amended Slovak standard STN 75 7111 Potable water pre-
scribes the maximum permissible antimony concentration in
potable water to 5 pig.l"!. In mine waters of Petrova dolina
valley near Popro¢ and in the Ol3ava brook this concentra-
tion is 50-100 times higher. Rather extensive secondary an-
timony scattering in surface waters is mainly a reflection of
anthropogeneous factors — recent mining and ore processing
in the Petrova dolina valley.
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Mezozoické bazalty z Cebrate pri RuZomberku
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Mesozoic basalts from the Cebrat hill near Ruzomberok

In the Cretaceous sedimentary sequences of Krizna nappe on eastern slope of the Cebrat hill (eleva-
tion point 1060m), located at north-western margin of the town RuZomberok, the body of alkaline ba-
salts occurs, containing massive effusives and amygdaloidal types as well as hyaloclastites. For all these
facies there is characteristic intensive low-temperature hydrothermal metamorphism, being most pro-
bable of the ocean-floor type. Primary silicate minerals were not preserved in this process. Determined
contents of basic oxides and REE normalization pattern confirm competence of volcanic rocks from the
Cebrat hill to the alkaline volcanics province of the in the Cretaceous KriZna sedimentary basin.

Key words: Mesozoic, Krizna nappe, alkali basalt. geochemistry

Uvod

V Dumbierskych Tatrich vystupujd bazické efuziva
a extruziva v niekolkych oblastiach. V $irej oblasti Salati-
na a Zemianskej doliny st zname z prostredia karbonatov
kriznanského prikrovu. Podla litostratigrafického ¢lenenia
mezozoického vulkanizmu tvoria tzv. vrstvy Zemianskej
doliny (Hovorka a Spisiak, 1990). Dal3ou oblastou je Sir-
Sie okolie Liptovskej Dubravy, kde vystupuju ako dajky
vo variskych magmatitoch. Vo vSetkych oblastiach si ba-
zalty zachovali aspon Cast primdrnej minerédlnej asociécie
(klinopyroxény, amfiboly, tmava sluda). Na rozdiel od
tychto vyskytov je teleso na vychodnom svahu Cebrate
pri Likavke (pri Ruzomberku) silne sekundédrne alterova-
né. KedZe ide o jedno z najvicSich telies vulkanitov
v mezozoiku Zapadnych Karpdt a jeho geologické a petrolo-
gické postavenie nie je jednozna¢né, nadvdzujeme na nase
predchddzajdce prace (Hovorka a SpiSiak, 1988; Spisiak
a Hovorka, 1997; Hovorka et al., 1999) a problematike
sa venujeme opdtovne. NaSe predchddzajice $tadium
zasadne ovplyvnil fakt, Ze vyskyty vulkanitov boli v pries-
tore vojenskej strelnice, do ktorej bol vstup obmedzeny.

Geoldgia

Zo sz. okraja severnych svahov Nizkych Tatier v kriziian-
skom prikrove je znamych niekolko telies bazickych vul-
Kanitov s rozlicnou geologickou poziciou a s odlisnymi
tloZznymi pomermi. Niektoré z telies tejlo oblasti opisal
Koutek (1931) a dalsie vyskyty zistil Sladky (1938).
Vyskyty bazickych vulkanitov pri mapovani tejto oblasti
opisal Bujnovsky (1971, in: Bujnovsky et al., 1981).
Z hladiska geologického vystupovania tvoria bazické vul-
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kanity sz. okraja Nizkych Tatier vystupujice v kriZiian-
skom prikrove:

— dajky v strednotriasovych a vrchnotriasovych dolomi-
toch (Bujnovsky etal., 1981);

- lozné plytkopodpovrchové sily v slienitych vapen-
coch neokému (Koutek, 1931, Bujnovsky et al.,
1981);

~ ldvové pridy a hyaloklastitové brekcie ako okrajové
facie lavovych pridov (Koutek, 1931; Bujnovsky
etal., 1981);

— a novS§ie opisané vyskyty bazanitov v podobe ten-
kych (okolo 1 m) Zil prenikajtcich granitoidmi
v okoli Magurky (Hovorka et al., 1982; SpiSiak
etal., 1991).

Z petrografického hladiska st horniny zo vSetkych lo-
kalit podobné. Ide o masivne horniny, v ktorych prevlé-
daji porfyrické Struktdry s vyrastlicami tmavych mine-
ralov (olivinu, klinopyroxénu, amfibolu, prip. tmave]
sludy). Velmi zriedkavé si alterované liSty plagioklasu.
Podla zisteného zloZenia klinopyroxén zodpoveda diopsi-
du s vysokym obsahom Ti a amfibol kaersutitu (Hovorka
a Spisiak, 1988; Spisiak et al., 1991). Okrem tychto za-
kladnych faz je v akcesorickom mnoZstve zastlpeny aj
apatit, kostrovité krystdly titanitu, pyrit a titanomagnelit.
Geochemicky maju tieto horniny podobné zloZenie ako
ostatné spodnokriedové az strednokriedové efuziva
a zodpovedajd bazanitom, resp. lamprofyrom (Hovorka
a Spisiak, 1988; Spisiak a Hovorka, 1997; Hovorka et
al., 1999). Podla konformnej pozicie vulkanoklastickych
pol6éh v barémsko-spodnoalbskych sedimentoch, ktorych
vek sa urcil biostratigraficky (Bujnovsky et al., 1981),
je vek vulkanickej aktivity totozny s vekom okolitého
prostredia vyskytov vulkanoklastik. Zhodné vysledky
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Obr. 1. Geologickd mapka okolia Likavky (upravené podla Sladkého, 1938). 1 — ndplavy. 2 — hlina a sutina, 3 — sutina na slienitych vépencoch.

4 — bridlice a pieskovce — eocén, 5 — numulitové vépence. 6 — dolomitické brekcie — karn — chocsky prikrov, 7 — sutina karnu a ladinu, 8 —

reiflinské

védpence — choésky prikrov, 9 — svetlé a tmavé dolomity s tufovymi vapencami — ladin. 10 — svetlé a tmavé vapence — valanZ — chocsky prikrov,
Il —teleso bazickych hornin, 12 —slienité vapence lupenovitého rozpadu.

Fig. 1. Geological map of surroundings of Likavka (revised after Sladky. 1938). | —alluvium, 2 —loam and debris, 3 — debris on marly limestones,
4 — shales and sandstones — Eocene, 5 — nummulitic limestones, 6 — dolomitic breccia — Carnian — Cho¢ nappe. 7 — debris of Carnian and Ladinian
rocks, 8 — Reifling limestones — Choé nappe. 9 — light and dark dolomites with tuffite limestones — Ladinian, 10 —light and dark limestones —~ Valan-

ginian — Cho¢ nappe, || — body of basic rocks, 12 — marly iimestones with leaf disintegration.

poskytla aj geochronoldgia — K/Ar vek 106,2 + 1.7
a 116 + 6,5 milionov rokov (Bujnovsky et al., op. cit.).

Na rozdiel od vyskytov bazickych eruptiv na severnych
svahoch Nizkych Tatier teleso bazickych vulkanitov na
vychodnom svahu Cebrate pri Likavke orograficky patrf
do Chocskych vrchov. Prvi zmienku o niom ma Sladky
(1938), podla ktorého ide o eflizie v neokéme (kriziian-
ského prikrovu). Vulkanické horniny vystupuji v pruhu
Sirokom 60 a dlhom 200 m pod skalami Havranné na vy-
chodnych svahoch Cebrate (obr. 1). Drobné vyskyty st aj
v malom udolf smerujicom od stredu Likavky na Z.
Podla Sladkého (l. c.) sa na lokalite vyskytujd efuziva
.-..do morskej vody vyvreté, na jemnu drvinu a kusky
roztrhané a kryStalickym vdpencom ... sekundarne spo-
jené...". Podla nasho vyskumu tu v odkryvoch vystupuju
hlavne masivne a mandlovcové typy vulkanitov, ale aj
vulkanoklastika. Ako ,,vrchnd vrstvu® tychto vulkanitov
Sladky (I. c.) opisal vulkanickd brekciu a horniny tohto
typu prirovnal k tufu. Z ndsho $tudia vychodi, Ze ide asi
o dezintegrovany povrch ldvovych pridov vo vodnom
prostredi, a tak podla sicasnej terminolégie si to hyalo-
klastity.

Petrografia a mineraldgia

Studované vulkanické horniny maji masivnu, mandlov-
covi, redsie aj tlomkovitd (brekciovitd, hyaloklastitovi)
formu. Pre brekcie a hyaloklastity je charakteristickd pri-
tomnost karbondtového tmelu. Velkost tilomkov brek-
ciovitych typov vyrazne variruje od 0,5 do 5 cm (obr. 2).
Ulomky st vagsinou nepravidelného tvaru a v absolitnej
vdgsine ich tvori vulkanicky materidl. Okrem homogén-
nych, masivnych textdr sd ¢asté aj mandlovcové typy
s premenlivou velkosfou mandli (2-8 mm, obr. 3).
Vo vyplni mandli prevladajui svetlé karbondty nad tma-
vym chloritom. Chlorit tvori okraje mandli a ich stred
vypliia karbondt (obr. 4, 5). Zriedka sa vyvinula aj mono-
minerdlna chloritova vyplii mandli.

Vulkanické horniny z vychodnych svahov Cebrate sa
od vsetkych ostatnych vulkanickych hornin vystupuja-
cich v mezozoiku Zdpadnych Karpat odliSuji extrémne
intenzivnou hydrotermédlnou premenou. V Studovanych
34 vybrusoch sme nezistili relikty primdrnych minerdlov.
Vsetky s pseudomorfované hydrotermdlnymi fdzami,
pricom premena bola vyrazne mimetickej (spodobovacej)
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povahy a dokonale sa pri nej zachovala morfolégia pri-
mdrnych faz (Ol, Cpx, Plg). Olivin pdvodne dosahoval 1,
zriedka aj 2 mm, bol prevazne idiomorfny (obr. 6, 7, 8)
a lplne premeneny na zmes chloritu a serpentinovych mi-
nerdlov. Podla kratkych a dlhostip&ekovitych pseudomor-
f6z v povodnej hornine mozno predpokladat, Ze obsahova-
la klinopyroxény (obr. 9) aj amfiboly. Listy povodnych
plagioklasov nahradil albit a miestami sa eSte zachovali
ich primdrne magmatické zrasty. Ojedinele je pozorova-
telnd tendencia magmatickych plagioklasov (Plg I) tvorit
glomerofyrické zhluky.

Priestorova orientéacia plagioklasovych list podmieriuje
relikind intersertdlnu. lokdlne aj ofitickd Struktdru. Po-
vodnu zakladnu hmotu horniny tvorilo hlay ne vulkanické
sklo a drobné listovité rudné minerdly (ilmenit). Rovno-
mernd distribucia ilmenitu v ploche vybrusov dokumen-
tuje jeho kryStalizdciu priamo 2z magmatickej taveniny.
a teda nie je sekunddrnym produktom rozkladu tmavych

Obr. 2. Brekciovity (hyaloklastitovy) charakter bazickych hornin
z Cebrate. Vzorka MV-84.

Fig. 2. Breccia (hyaloclastic) character of basic rocks from
the Cebrat hill. Sample MV-84.

e W e G e

Obr. 3. Mandlovcovy charakter bazickych hornin z Cebrate. Vzorka
MV-86.

Fig. 3. Amygdaloidal character of basic rocks from the Cebraf hill.
Sample MV -86.
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Obr. 4. Mandla vyplnena chloritom (radidlne usporiadanie) po okra
joch a karbonatom \ strede (svetla cast) Vzorha MV-86 Zvacs 86 \.
skrizené nikoly

Fig. 4. Amygdale filled with chlorite (radial arrangement) at the mar
ains and carbonate in the middle (light part) Sample MV-86 Magn
86\, crossed nicols

Obr. 5. Detail okraja chloritovo-karbonatovej mandle — chlorit (ra-
didlne usporiadanie) po okrajoch a karbondt v centrdlnej ¢asti (svetld
Cast). Vzorka MV-91. Zvics. 170 x, skrizené nikoly.

Fig. 5. Detail of the margin of chlorite-carbonate amygdale — chlorite
(radial arrangement) at the margins and carbonate in the central part
(light part). Sample MV-91. Magn. 170x, crossed nicols.

minerdalov. Vulkanické sklo rekryStalizovalo prevazne na
drobnolupenity agregat chloritu, miestami s hniezdami az
sférolitickymi agregdtmi albitu. Postmagmatickymi pro-
cesmi vznikli drobné nepravidelné agregéty karbondtu
v pdvodnom matrixe. Podobny charakter premeny mozno
pozoroval pri metamorféze hornin ocednskeho dna.

Pre vulkanické horniny z Cebrate je najtypickejsia ich
intenzivna hydrotermdlna premena a vznik sekunddrneho
albitu sa vyznacuje nasledujtcimi charakteristikami.

Novotvoreny nizkoteplotny (hydrotermdlny) albit je
v Studovanych horninach v niekolkych morfologickych
modifikdcidch. Su to:

a) celoplosné albitové pseudomorfézy po pdvodnych
magmatickych porfyrickych plagioklasoch (obr. 10) so
zachovanymi povodnymi zrastmi, pri¢om sa v ramci
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mt mineralmi Vzorka MV-87a. Zvads. 27 x. paralelné nikoly

Fig. 6. Pseudomorph after olivine filled with chlorite and serpentine
minerals Sample MV-87a. Magn. 27x. parallel nicols.

Obr. 7. Pseudomorféza po olivine vyplnend chloritom a serpentinovy-
mi minerdlmi. Vzorka MV-87a. Zvi¢s. 27 x, skrizené nikoly.

Fig. 7. Pseudomorph after olivine filled with chlorite and serpentine
minerals. Sample MV-87a. Magn. 27x, crossed nicols.

Obr. 8. Pseudomortézy po olivinoch vyplnene chloritom a serpentino-
vymi minerdlmi Vzorka MV-90 Zyacs. 86 x. skrizene nikoly

Fig. 8. Pseudomorphs after olivines filled with chlorite and serpentine
minerals. Sample MV-90 Magn 86x. crossed nicols.

Obr. 9. Pseudomorfozy po klinopyroxenoch vyplnené hlavne chlort-
tom a karbondtom Povodné ohkraje mineralov a Stiepne trhliny su le-
mované rudnymit minerdlmi Vzorka MV-95a. Zva¢s 45 . paralelné
nikoly.

Fig. 9. Pseudomorphs after clinopyroxenes filled mainly with chlorite
and carbonate. Former margins of minerals and fisstle f{issures are
rimmed with ore minerals. Sample MV-95a. Magn <5x. parallel
nicols.

pseudomorf{6z okrem albitu miestami vyskytuju aj karbo-
naty. lokdlne aj chlorit;

b) sférolitické (!) tenkotabulkovité az ihlicovité albity
v pdvodne sklovitom matrixe (obr. 11):

c) albity tvoriace aj vypli vldsoc¢nicovych (0.1 mm) Zi-
liek v hornine. pricom spolu s nimi sa v zilkdch vysky-
tuju aj chlority. zriedka aj karbondty.

Okrem submikroskopickych homogénne distribuova-
nych liStovitych prierezov ilmenitu (?) v leme alebo
v priestore niektorych povodnych tmavych silikdtov mozno
pozoroval koncentrdciu prevazne kostrovitych rudnych
minerdlov zmenenych na leukoxénovy agregat.

Velmi sporadicky sme spozorovali aj lokdlnu biotitiza-
ciu matrixu horniny za vzniku intenzivne hnedasto pleo-
chroickej tmavej sludy, ktord pravdepodobne prebiehala

AT e ARG
Obr. 10. Radialne albity s> karbonatom vy pliiaju priestor po pér odnych
plagioklasoch. s chloritom zriedka aj po prroxenoch Vzorka
MV -88b. Zvacs. 86 x. paralelne nikoly
Fig. 10. Radial albites with carbonate filling space after the formet

plagioclases. with chlorite rarely after pyrosenes too Sample
MV -88b. Magn. 86x. parallel nicols.
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Obr. 11. Drobné listovité krystdly albitu v povodne sklovitom matrixe
vulkanitov. Vzorka MV-95a. Zvigs. 45 x, skrizené nikoly.

Fig. 11. Fine prismatic crystals of albite in originally glassy matrix of
volcanics. Sample MV-95a. Magn. 45x, crossed nicols.

synchrénne s chladnutim horniny. Najroz§irenejSou sili-
kdtovou akcesoriou je dlhoprizmaticky apatit, Casto aj
s pigmentovanymi centralnymi Castami.

Geochémia

Petrogénne prvky sa analyzovali XRF v Geologickom
Ustave SAV a prvky vzdcnych zemin, resp. vybrané sto-
pové prvky ICP na Ibaraki University v Mite (Japonsko)
a Saint Mary’s University v Halifaxe (Kanada).

Pre vysoky stupen alterdcie primdrnych mineralov sme
sa geotektonicky typ povodnych bazaltov pokusili urcit
na zdklade geochemickych kritérii. Hoci horniny maju
pomerne vysoky stupen sekunddrnych premien, relativne
malé odchylky v zloZenf typov bazaltu a pomerne homo-
génna distribtcia bodov v diagramoch umoziiuji pouZzit
tito metodiku. Charakter hydrotermdlnej premeny Studo-
vanych hornin, pomerne nizky obsah Na,O v analyzach
hornin (tab. 1), a najmid morfolégia pritomného albitu
vedu k predpokladu, zZe ,.pohyb™ Na pri premene Studova-
nych hornin prebiehal iba v rdmci vulkanickych hornin
a jeho zdrojom bola pdvodne sklovita zakladna hmota
vulkanitov. Vzhladom na dokumentovany alkalicky cha-
rakter hornin je moZné, ze Cast Na bola odnesend. Podobne
relativne vysoky obsah MgO v niektorych vzorkdch mo-
hol ovplyvnit povahu premeny (serpentinizdcia). Na z4-
kladné zaradenie bazaltov do alkalickych, resp. alkalicko-
-vdpenatych typov sme pouzili TAS diagram (obr. 12).
Priemetné body analyz bazaltov z Cebrate v fiom leZia
v poli bazaltov, resp. pikrobazaltov, ¢im sa ¢iasto¢ne pre-
kryvaju s polom kriedovych bazaltov/bazanitov (Hovorka
a SpiSiak, 1988; Spisiak a Hovorka, 1997, Hovorka et
al., 1999), a na linii oddelujticej alkalické bazalty od sub-
alkalickych. Z dal$ich hlavnych prvkov sme pouZili ter-
narny diagram zavislosti obsahu CaO, TiO, a SiO, (obr.
13). Priemetné body analyz hornin z Cebrate na diagrame
spadajui do pola alkalickych lamprofyrov. Rovnaki pozi-
ciu maju aj analyzy mezozoickych bazanitov zo sever-
nych svahov Nizkych Tatier. V dalSom diagrame obsahu

Tab. |
Chemické analyzy hornin
Chemical analyses of rocks

C. vzorky MV-29 MV-29a MV-91 MV-93 MV-94
Sio, 36,45 38,33 39,77 41,15 38.95
TiO, 2,44 2,57 242 2,65 2.54
AlLO, 12,98 12,70 13,84 13,71 12,38
Fe,0O, 2,37

Fe,Ou 11,40 10.56 11,17 10,30
FeO 9,04

MnO 0,09 0,09 0,12 0,11 0,12
MgO 11,59 10,89 14,02 14.72 13,13
Ca0 8,76 7,84 5,52 392 7.89
Na,O 1,79 1,79 1,40 0.97 1.57
K,O 0.18 0,12 0.24 025 0,09
P,0; 0,74 0,71

LOI 13.33 13,60 11,73 10,96 12,58
)2 99,73 100,04 99,62 99.61 99,55
Cr 290 316 335 297

Ni 191 185 165 157
Co 39 39 41 4?2

\Y 155 225 220 185
Zn 106

Rb 5 9 9

Ba 550 386 249

Sr 225 221 229
Nb 65 95,2 72
Zr 295 239 265 234
Th 5 6.54 6
La 34 59 52.14

Ce 77 109 99,94

Pr 1132 10
Nd 45 42,68 40
Sm 5.4 8.1 8
Eu 23 2,48 2.6
Gd 6.56 8,1
Tb 1,3 0.9 |
Dy 44 52
Ho 0,81 0.8
Er 2,04 2.8
Tm 0 0.28 0.4
Yb 1.8 1.38 1.6
Lu 0,19 0,27
Y 25 23 20 20

Fe,04 = celkové Fe ako Fe,O;/ Fe, Oy, = total Fe as Fe,O,

MnO, TiO, a P,0s (obr. 14a) leZia priemetné body analyz
v poli OIB, t. j. v poli alkalickych bazaltov ocednskych
ostrovov. Podobnd je ich pozicia v dalSom diagrame
(obr. 14b), v ktorom priemetné body analyz Studovanych
bazaltov lezia v poli vndtroplatiovych bazaltov. Na ter-
narnom diagrame Zr:Nb:Y (Fig. 14¢) sa rozliSujd alkalické
a tholeiitové typy vnitroplatiovych bazaltov. Bazalty
z Cebrate, ale aj s nimi porovnavané bazalty zo severnych
svahov Nizkych Tatier lezia v poli WPA, (. j. v poli
vnitroplatiiovych alkalickych bazaltov. Na vznik takéhoto
typu hornin st nevyhnutné extenzné geodynamické
podmienky.

Alkalické horniny majd typicky vysoky obsah lah-
kych vzdcnych zemin a nizky obsah tazkych vzdcnych
zemin. Na lepsiu interpretaciu sme zlozenie Studovanych
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Obr. 12. TAS diagram bazaltov z Cebrate. | — analyzy z tab. 1.
2 — pole analyz kriedovych bazaltov zo severnych svahov Nizkych
Tatier (podla Hovorku a Spisiaka, 1988: SpiSiaka a Hovorku, 1997,
Hovorku et al., 1999), plna ¢iara — rozhranie medzi alkalickymi horni-
nami (ALK) a tholeiitovymi (TH) podla Irvina a Baragara (1971),
¢iarkovane — podla MacDonalda a Katsuru (1964).

Fig. 12. TAS diagram of basalts from the Cebrat hill. I — analyses
from the Tab. |, 2 — field of the analyses of Cretaceous basalts from
the northern slopes of the Low Tatra Mts. (after Hovorka and Spisiak,
1988; Spisiak and Hovorka, 1997; Hovorka et al., 1999). full line — boun-
dary between alkaline rocks (ALK) a tholeiites (TH) after Irvin and
Baragara (1971), dashed line — after MacDonald and Katsura (1964).

Tio, Til00

Si0,/10

Ca0 TiO,*4

Obr. 13. Klasifika¢ny ternarny diagram CaO  SiO,/10 : TiO,*4 roz-
delenia alkalickych a alkalicko-vdpenatych lamprofyrov (podla
Rocka, 1987). 1 — analyzy hornin z Cebrate, 2 — analyzy kriedovych
bazaltov zo severnych svahov Nizkych Tatier (podla Hovorku
a Spisiaka, 1988: Spisiaka et al., 1991). ALK = alkalické lamprofyry.
CAL = védpenato-alkalické lamprofyry.

Fig. 13. Classification ternary diagram CaO : SiO+/10 - TiO,*4 of dis-
tribution of alkaline and calc-alkaline lamprophyres (after Rock.
1987). | — analyses of rocks from the Cebraf hill. 2 — analyses of Cre-
taceous basalts from the northern slopes of the Low Tatra Mts. (after
Hovorka and SpiSiak, 1988; Spisiak et al., 1991). ALK = alkaline lam-
prophyres, CAL = alkali-calcareous lamprophyres.

MnOx10 P,Ox10

Zr/4 Y

Obr. 14. a — diskrimina¢ny diagram bazaltov TiO,-MnO-P,O;s (Mullen, 1983). OIT = tholeiity ocednskych ostrovov, OIA = alkalické bazalty
ocednskych ostrovov, CAB = alkalicko-vdpenaté bazalty vulkanickych oblikov, IAT = tholeiity ostrovnych oblikov, MORB = bazalty stredo-
ocednskych chrbtov, | — analyzy hornin z Cebrate, 2 — analyzy kriedovych bazaltov zo severnych svahov Nizkych Tatier (podla Hovorku
a Spisiaka, 1988; Spisiaka et al., 1991): b ~ diskrimina¢ny diagram bazaltov Zr-Ti-Y (Pearce a Cann, 1973). VAB = bazalty vulkanickych obldkov,
WPB = vnutroplatiiové bazalty. Ostatné vysvetlivky ako pri obr. 14a; ¢ — ternarny diagram Zr:Nb:Y (podla Meschedeho, 1986) rozli¢nych
geotektonickych typov bazaltu). WPA = vnitroplatiiové alkalické bazalty, VAB = bazalty vulkanickych oblikov, WPT = vniitroplatiiové tholeiity.

Ostatné vysvetlivky ako pri obr. 14a.

Fig. 14. a — discrimination diagram of basalts TiO,-MnO-P,O5 (Mullen, 1983). OIT = ocean island tholeiites. OIA = ocean island alkaline basalts,
CAB = volcanic arc calc-alkaline basalts. IAT = island arc tholeiites, MORB = mid-oceanic ridge basalts, 1 — analyses of rocks from the Cebrat
hill, 2 — analyses of Cretaceous basalts from the northern slopes of Low Tatra Mts. (after Hovorka and SpiSiak, 1988; Spisiak et al.. 1991):
b — discrimination diagram of basalts Zr-Ti-Y (Pearce and Cann, 1973). VAB = volcanic arc basalts, WPB = intraplatform basalts. Further expla-
nations as in Fig. 14a; ¢ — ternary diagram Zr:Nb:Y (after Meschede, 1986) of various geotectonic types of basalts. WPA = intraplatform alkaline
basalts, VAB = volcanic arc basalts, WPT = intraplatform tholeiites. Further explanations as in Fig. 14a.
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Obr. 15. Normalizovand krivka REE (normalizované podla Suna.
1982) v bazaltoch z vychodného svahu Cebrate (1, 2, 3 — analyzy
z tab. 1), 4 — priemerné zloZenie bazaltov ocednskych ostrovov (OIB,
Sun a McDonough, 1989), 5 — priemerné zloZenie tésinitov (Rossy et
al., 1992), 6 — priemerné zloZenie kriedovych bazaltov zo severnych
svahov Nizkych Tatier (podla Hovorku a SpiSiaka, 1988; SpiSiaka et
al., 1991).

Fig. 15. Normalized REE curve (normalized after Sun, 1982) of ba-
salts from the eastern slopes of the Cebrat hill (1, 2, 3 — analyses from
Tab. 1), 4 — average composition of ocean island basalts (OIB. Sun
and McDonough, 1989), 5 — average composition of teschenites (Ros-
sy et al.. 1992), 6 — average composition of Cretaceous basalts from
the northern LLow Tatra Mts. (after Hovorka and Spisiak, 1988: Spisiak
etal.. 1991).

bazaltov porovnali so zloZzenim bazaltov/bazanitoy zo se-
vernych svahov Nizkych Tatier, alkalickych bazaltov
ocednskych ostrovov a s priemernym téSinitom (obr.
15). Studované horniny maji velmi podobny charakter
normalizovanej krivky s charakteristickym ostrym sklo-
nom smerom k tazkym vzacnym zemindm a s takmer
nepozorovatelnou Eu anomdliou. Na zdklade uvedeného
mozno konStatovafl, ze bazalty z Cebrate sd velmi
podobnej geochemickej povahy ako kriedové bazalty
zo severnych svahov Nizkych Tatier a priemerny tésinit,
resp. alkalicky bazalt.

Diskusia a zaver

Podla geochemickych kritérif mozno porovnévat bazal-
ty z Cebrate s kriedovymi bazaltmi zo severnych svahov
Nizkych Tatier. Velmi vyznamny je aj novy Gdaj o K/Ar
veku vulkanitov z Cebrate (94,0 £ 7,7 milidénov rokov;
Spisiak a Balogh, in prep.), ktory potvrdzuje synchrénnos(
vulkanizmu.

Z alkalickej povahy vulkanitov usudzujeme, Ze sa vul-
kanizmus viazal na z6énu zacinajluceho sa riftingu. Pre
kratke trvanie prieniku mezozoickych bazaltov krizian-
ského prikrovu riftogenéza pravdepodobne trvala iba krat-
ko, v dal§om obdobi nastali kompresné procesy a uza-
vreli privodné cesty vulkanitov. Ale v skuto¢nosti neslo
0 suvislé podmorské vylevy typu linedrnych erupcii, ale
o systém vzdjomne pravdepodobne oddelenych linedrne
usporiadanych erupcnych centier. Predpokladdme, Ze v tejto
oslabenej zone nastalo vyklenutie astenosféry a vrchného
plasta, ktoré iniciovalo rifting.

Zhrnutie

— Béazické vulkanické horniny na vychodnom svahu
Cebrate sa od vietkych ostatnych vyskytov vulkanitov
v kriziianskom prikrove odliSujud takou intenzivnou vyso-
kou hydrotermalnou premenou, ze sme v Studovanych
vzorkdch nezistili relikty primarnych minerélov.

— Bazalty z Cebrate st podobnej geochemickej povahy
ako bazalty zo severnych svahov Nizkych Tatier (zo Sala-
tina, Zemianskej doliny, Liptovske] Dibravy a pod.; Buj-
novsky et al., 1981; Hovorka et al., 1982; SpiSiak et al.,
1991).

— Z porovnania chemického zloZenia bazaltov z Cebrate
a z ostatnych lokalit v krizinanskom prikrove so zloZenim
zakladnych geotektonickych typov bazaltov rezultuje, ze
vietky Studované bazalty zodpovedaji vnutroplatiovym
alkalickym bazaltom. 5

— Pre vulkanické/vulkanoklastické horniny z Cebrate je
charakteristickd albitizdcia. Za zdroj Na v nich pokladame
povodne skloviti zdkladni hmotu Studovanych hornin.
V pripade Na povazujeme naloZend albitizdciu za izoche-
micky proces. Premenu Studovanych hornin zaradujeme
do skupiny premien vieobecne oznacovanych ako ,,meta-
morféza hornin ocednskeho dna™.

Podakovanie. Talo prdca vznikla s podporou grantovej dlohy VEGA
2/7091 a 1/6000. Recenzentom dakujeme za podnetné ndvrhy, ktoré
précu skvalitnili.
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Mesozoic basalts from the

In the one of the main Western Carpathians Mesozoic tec-

tonic units, in the KriZzna nappe, in several mountain ranges
the occurrences of alkali basalts (lamprophyres) have been
described in the past. Nowadays knowledge of the problema-
tic is summed up in the paper by Hovorka et al. (1999).
_ In the Chocské pohorie Mts., on the eastern slopes of the
Cebrat Hill, within the Cretaceous sedimentary sequences of
the KriZna nappe, the basaltic lava flows as well as hyalo-
clastites and lava breccias occur. Rocks under consideration
are massive and amygdaloidal types. Based on thin section
studies and analytical determinations the problematic should
be summed up as follows.

No primary magmatic silicates have been preserved in
rocks studied. Very-fine tabular crystals of ore minerals (il-
menite) are regularly distributed in the chloritic matrix.
Another type of opaques are represented with their irregular
nests occurring around the original dark silicates.
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Cebrat hill near Ruzomberok

Basalts under consideration underwent intensive hydro-
thermal mimetic recrystalization. Carbonates, chlorites and
namely albites are the characteristic products of the mentio-
ned processes. Albite aggregates are distinctive. Natrium ne-
cessary for the given process has been originally bounded
to the former glassy matrix of the given rocks.

Analytical geochemical data indicate that studied basalts
belong to the group of alkali basalts. In such a way they are
comparable with the other basaltic rocks occurring i the KriZna
nappe Cretaceous. This conclusion is based on the very close re-
sults of analytical treatment, REE normalization pattern included.

Evidences of subaqual volcanic activity in the Cretaceous
of the Krizna nappe sedimentation area are in favour of the
existence of the short-living rifting (“embryonal rifting”) du-
ring which several linear volcanic eruption appeared. This
process never reached the stage of opening of oceanic domain,
but was suddenly changed by compressional processes.
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Radialnolatkovity antigorit zo serpentinitového telesa na Borcoku pri Breznicke

(paleozoikum, gemerikum, Zapadné Karpaty)

DUSAN HOVORKA a EVA SAMAJOVA
Prirodovedeckd fakulta UK, Mlynska dolina, 842 15 Bratislava
(Dorucené 3. 7 2000, revidovand verzia dorucend 21. 5. 2001])

Radially-lathy antigorite from the antigorite serpentinite body at Bor¢ok near Breznicka
(Paleozoic, Gemeric Unit, Western Carpathians)

Antigorite serpentinite body/bodies are known to occur forming not well expressed ridge between
Kalinovo and Brezni¢ka villages. Based on realized borings it is located in complex of the Upper Car-
boniferous metasediments of low temperature greenschist facies mineralogy. Alpine-age metamorphic
effect is documented by the development of metamorphic-reaction zone (blackwall) just on the contact
between metaultramafite body and adjacent Carboniferous metasediments. This reaction zone is com-
posed of talc, tremolite-actinolite amphiboles, and chlorite, which minerals have more-or-less concen-
tric arrangement (in given order from the serpentinite body outwards).

Beside flaky antigorite. being the main rock-forming phase of the given serpentinite body. at tectoni-
zed zones of the body a fibrous planparalelly oriented greenish-silver long (to 25 ¢cm) acicular antigori-
te has been described in the past (Hovorka et al., 1983). In places within such tectonized zones fibrous
antigorite gradually pass into radially oriented narrow lathy antigorite. Individual laths of antigorite are
2 to 4 ecm long. In places of tectonically disturbed well developed cleavage of given antigorite aggrega-

te the irregular nests of coarse-grained carbonates are present.

Taking into consideration all known geological aspects we consider that in the antigorite serpentinite
body its isochemical activation under the greenschist facies conditions yields in formation of antigorite
(fibrous and locally after the pressure release also radial lathy) of the younger generation.

Key words: radial-lathy antigorite, Paleozoic, Gemeric unit, Western Carpathians

Uvod

V telesach serpentinizovanych peridotitov vystupuji-
cich v predkarbénskych a vrchnokarbénskych metamorfo-
vanych komplexoch sa ako veduci serpentinovy mineral
v minulosti identifikoval antigorit (Hovorka et al., 1983).
V uvedenych sekvencidch sa okrem vediceho antigoritu
vyskytuje aj chlorit, mastenec, monoklinicky a lokdlne aj
rombicky amfibol, karbondty a rudné minerdly (Kantor,
1956; Hovorka et al., 1983). Naproti tomu serpentinitové
telesd v anchimetamorfovanych triasovych sekvencidch
meliatika typomorfné serpentiny reprezentuje lizardit
a chryzotil a v ojedinelych pripadoch sa vyskytuje aj brucit
(Hovorka et al., 1980).

Antigoriticky serpentinit na hrebeni Bor¢oka medzi
Kalinovom a Brezni¢kou sa v minulosti chdpal ako homo-
génne teleso (Kantor, 1956), resp. ako stbor niekolkych
Ciastkovych telies vzniknutych tektonickym roz¢lenenim
povodne jednotného telesa (Jaro$ et al., 1981).

Minerdlneho zloZenia sledovaného telesa sa priamo
dotykaji prace Kantora (1956) a Hovorku et al. (1983).
Kantor (I. ¢.) teleso charakterizoval ako antigoriticky ser-
pentinit, v ktorom sa v tektonizovanych zénach vyskytu-
Je aj chlorit, mastenec a tremoliticko-aktinoliticky amfibol.

w

i

Za jeho charakteristicky rudny minerdl uviedol tabulkovity
ilmenit (s tabulkami velkymi do | ¢m), monomineralne
tremoliticko-aktinolitické horniny v leme telesa oznacil
ako ,,amfibolity™ a po diskusii 0 moZznej genéze sa priklonil
k ich metamorfnometasomatickému pdvodu. Hovorka et al.
(1983) prezentovali vysledky rozsiahleho laboratérneho
Stadia serpentinovych minerdlov tohto telesa a v jeho
ramci urcili nasledujice morfologické typy serpentino-
vych minerélov:

a) ,,Horninotvorny* lupenity antigorit, ktory ma v detaile
rozli¢né Struktdrne usporiadanie i velkost lupefiov a v zd-
kladnom horninovom type telesa prevldda (do 97 obj. %).
Spolu s rudnymi minerdlmi podmienuje sivozelend az
tmavosivd farbu tohto typu horniny.

b) DIhé (az 25 ¢m) ihlicovité az steblovité tvrdé krehké
trsy antigoritu striebristosvetlozelenej farby vystupujtice
na tektonizovanych zénach serpentinitového telesa. Su
orientované v smere pohybu na vzdjomne priliehajicich
Ciastkovych blokoch serpentinitu.

¢) Vldknité agregdty striebrobieleho chryzotilu (dlhé
10-20 cm) s pozdiznou orientéciou, ktoré si v telese
v obdobnej pozicii.

Z hladiska podmienok genézy antigoritu a chryzotilu
bodu a a b autori (I. ¢.) predpokladali pri vzniku chryzotilu —
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a to na rozdiel od podmienok pri vzniku antigoritu —
znizenie tlakovo-teplotnych podmienok (regresnu rekrys-
talizdciu nevyrazne hydratacného typu).

D. Hovorka pri revizii vlastného vzorkového dokumen-
ta¢ného materidlu zistil prakticky monominerdlnu vzorku

Pre Studované vzorky je charakteristicky vyskyt nepra-
videlnych (od mm po cm) zhlukov bielych kryStalickych
karbondtov, ktoré sa (a to najma v pripade objemovo
mengich zhlukov) viazu na tektonicky naruSené Casti
planparalelného dlhoihlicovitého agregédtu antigoritu,

Obr. 1. Sferolitické agregaty antigoritu z telesa antigoritickeho serpentinitu na hreben; Borcok

pri Brezni¢ke.

Fig. 1. Spheroliuc aggregates of antigorite from the antigorite serpentnite body at ridge Borc¢ok near

Brezni¢ka.

zo striebristozelenkastého latkovitého trsovito ¢leneného
radidlneho agregdtu, ktory sme identifikovali ako antigorit
(obr. 1), a to vo vybrusoch Stidiom v polariza¢nom mikro-
skope, difrakénych zaznamov a morfologicko-textirnym
Stidiom v riadkovacom elektrénovom mikroskope
na pristroji JEOL JSM 840. Mineralogicky sa skidmali
radidlnolticovité trsy aj makroskopicky takmer kompaktné
polohy serpentinitu, do ktorych trsovité dtvary lokalne
prechddzaju. Rtg. difrak¢éné zdznamy sa urobili na difrak-
tometri DRON-3 s krokovo riadenym goniometrom a s pouzi-
tim programu na praskovu difrakénd analyzu systému
ZDS za nasledujicich podmienok: Co Ziarenie lambda, Fe
filter, napdtie 30 kV, prdd 15 mA, krok 0,05, ¢as | s.
Rovinné prepardty sme pripravili umiestnenim jemnoroz-
praSkovanych vzoriek do vzorkovnice s minimalizdciou
prednostnej orientécie.

Vysledky stidia

Hribka poldh s vyvojom radidlnych latkovitych ser-
pentinovych dtvarov je 2—4 cm. V jednom pripade sme
zistili prechod radidlneho usporiadania latiek antigoritu
do dlhoihlicovitého planparalelne orientovaného antigoritu
zhodného sfarbenia, pricom sa uvedené morfologicky
odlisné polohy od seba vyrazne odliSujui priestorovym
usporiadanim.

resp. na medzipriestory radidlnych latkovitych agregatov
antigoritu (obr. 2, 3), ktoré sa rtg. difrak¢nou analyzou
identifikovali ako dolomit. Na lomnych plochdch tejto
monominerdlnej horniny je hnedy povlak sekunddrnych
Fe minerdlov. Mikroskopicky obraz horniny je jednoduchy.
Vo vybruse (pri¢inou je velkost) sa vZdy zachytil plan-

Obr. 2. Tektonickd zéna hrubd 0.X mm v monomineralnom latkovitom
antigoritickom agregdte telesa. Je vyplnena antigoritom a karbonatom.
Zvacs. 20 x.

Fig. 2. Tectonically originated zone of 0.X mm thickness in lathy antigo-
rite aggregate. It is filled up by antigorite and carbonates. Enlarg. 20-x.
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Obr. 3. Tektonicky deformované antigoritove lathy Zastupeny je aj
nalozeny karbondt Zvacs. 20 \

Fig. 3. Tectonically detormed antigorite of lathy morphology Also
superponed carbonate 1s present Enlarg 20-x

paralelny rovnobezne zhasajdci agregdt latiek/lupenoy
s nizkymi interferencnymi farbami. Paralelne s latkami
prebiehaju zoény tektonickej disturbacie. ktorych vypli
tvorf rekryStalizovany agregdt rozlicne orientovaného
drobnolupenitého nizkodvojlomného serpentinu. Makro-

0242nm
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0.156 nm
0.154nm

%

|

38 40 46 67 70 73
26

Obr. 4. Vysek rtg. praskového zaznamu Studovaného radidlneho anti-
goritu. a —radidlne trsy, b — jemnovldknité az celistvé podlozné polohy.
d — radidlne trsy po posobeni | N HCI.

Fig. 4. Section of X-ray powder diffraction patterns of antigorite.
a —radially oriented lathy antigorite, b — thin fibrous to compact antigo-
rite, ¢ — radially oriented lathy antigorite after the treatment by | N HCI.
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skopicky pozorované radidlne agregaty serpentinu posobia
dojmom ihlic/hrubsich ihlic. ale Stidiom v riadkovacom
elekirénovom mikroskope pri velkom zvac3eni sa ukdzalo.
ze ide o tenké. vyrazne predizené a planparalelne oriento-
vané latkovité krysidly (obr. 5. 6). V podlozi radidlne
usporiadanych agregdtov sa lokdlne vyskytuje identicky
sfarbeny usmerneny. resp. miestami masivny agregat ser-
pentinu (obr. 7).

18Mm WOZ7

Obr. 5. Radialne orientoy ane lathoy ité trsy antigoritu - rozli¢na orien
tdcia ¢2vazhov lauek v lomne) ploche Mikrofotografia 7 radkovacieho
elehtrénoy ého mikroskopu

Fig. 5. Micrograph of radially oriented lathy antigorite in natural
cleavage plane

Pri Stidiu tohto minerdlu sme ako zdkladni pouzili
praskovu rtg. difrakénd analyzu a vychddzali sme zo stdle
platnych kritérii Whittakera a Zussmana (1956) resp.
Wicksa a Whittakera (1975), ktoré umoznuji navzdjom
rozliSit minerdly skupiny serpentinu na zéklade praskovych
difrakénych dat. Pri antigorite st to difrakéné maxima
s hodnotou ¢ 0,253, 0,242, 0,156 a 0,536 nm. Ak je anti-
gorit menej usporiadany, niektoré slabé reflexy su slabo
viditeIné, a tak sa difrak¢ny zdznam mdze podobat zdznamu

Obr. 6. Paralelne orientovany latkovity antigorit.
Fig. 6. Paralelly oriented lathy antigorite.
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Obr. 7. Nerovnako orientované krdtke latky antigoritu na podloznom
masivnom antigorite.

Fig. 7. Randomly oriented short laths of antigorite located on the
underlying antigorite.

lizarditu. Dolezitym kritériom je, Ze pomerne intenzivny
reflex 330 s hodnotou 0,156-0,157 nm m4 len antigorit,
a teda nemd ndprotivok v chryzotile a lizardite.

Na potvrdenie spravnosti identifikdcie sme stabilitu
Studovanej vzorky zistovali pdsobenim teplej HCI. Nagy
a Faust (1956) experimentélne dokazali rozdielnu stabilitu
Jjednotlivych serpentinovych mineralov pdsobenim 1 N HCI
pri teplote 90 °C pocas jednej hodiny. Za takychto pod-
mienok je antigorit stabilny a na rozdiel od chryzotilu
a lizarditu sa jeho Struktira nenardsa.

Vyseky oblasti difrakénych zdznamov, v ktorych sa
registruji charakteristické difrakéné maximd antigoritu
sd na obr. 4.

Na identifikdciu sme vyuZili aj skdsenosti z podrob-
ného Stidia serpentinovych minerdlov v metamorfova-
nych ultramafitoch rozli¢nych jednotiek Zapadnych Kar-
pat (Hovorka et al., 1980, 1983), ako aj z ich identifikd-
cie z masivu Kaumvonia a Vourinos v Grécku (Hovorka
et al., 1997).

Diskusia a zaver

Skupinu serpentinovych minerdlov tvori chryzotil, lizardit
a antigorit. Horninotvorné serpentinové minerdly sa vy-
znaCuju blizkym chemickym zloZenim. Vznikaju v odlis-
nych geologickych podmienkach a ich identifikdcia md prvo-
rady vyznam pri geneticke] interpretécii serpentinizacie ultra-
bazickych hornin. Antigorit je po lizardite najrozsirenej$im
horninotvornym serpentinovym minerdlom a vznika ako z4-
kladny serpentinovy minerdl pri progresivnej serpentinizécii.

Z laborat6rneho Stddia (Hovorka et al., 1983) vyplynulo,
Ze vedicim serpentinovym minerdlom telies metaultrama-
fitov v karbone gemerika a v kryStalickych komplexoch
tatrika a veporika je antigorit. Zakladnym morfologickym
typom je jeho lupenitd forma, ktord lokalne vystupuje
v podobe viacerych generacii (1. ¢.). Okrem tohto morfo-
logického a zdroven vyrazne prevladajiceho typu antigoritu

sa prave v serpentinitovom telese na hrebehi Borcoka
v minuiosti identifikoval aj tvrdy zelenkastostriebristy
dlhoihlicovity, miestami tabulkovity antigorit (Hovorka
et al., 1983). Tento morfologicky odlisny typ, vyskytujtci
sa v konformnej orientacii s tektonizovanymi a Smykovymi
zénami, predstavuje mladSiu generdciu antigoritu. Toto zis-
tenie zodpoveda zovSeobecniam Wicksa a O'Hanleyho
(1988) o podmienkach a spdsoboch vyskytu morfologicky
odli$nych typov antigoritu. Usmerneny trieskovity a dlho-
latkovity antigorit je charakteristicky pre Smykové plochy,
resp. zilky v serpentinizovanych ultrabazickych telesach.

Napriek tomu, Ze poziciu Studovaného radidlneho latko-
vitého antigoritu v sledovanom serpentinitovom telese
nepozname, jeho priestorovd spatost s paralelne usmerne-
nym dlhoihlicovitym a latkovitym antigoritom signalizuje
jeho viazanost na tektonizované zény v samotnom set-
pentinitovom telese.

Pritomnost antigoritu ako vediceho minerdlu tychto
z0On indikuje:

a) V podstate existenciu uzatvoreného systému tektoni-
zovanych zo6n, pretoZe ich minerdlna vypln zodpovedd
minerdlnemu zloZeniu samotného serpentinitového telesa.

b) Podmienky, v ktorych sa formovala mineralna vyplii
tektonickych zén zodpovedaji podmienkam greenschists a
najnizsie teplotnej oblasti amfibolitovej facie, t. j. pod-
mienkam, v ktorych vznikli aj reakénometasomatické lemy
(blackwall) okolo serpentinitového telesa danej lokality.

¢) Kym dlholatkovity planparalelny agregdt antigoritu
vznikal poCas uplatiiovania sa tlakového fenoménu a vza-
jomného pohybu ciastkovych kryh antigoritického ser-
pentinitu, radidlne agregaty v zénach vznikli az po doznen{
laterdlnych pohybov a uvolneni tlakového zataZenia, ktoré
sa uplatiiovalo na tektonickych zénach.
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Granitologie — véda o granitech na konci druhého tisicileti
(Ke druhému vydani Pitcherova dila o granitu 1997
a ke Clarkovu hodnoceni granitového paradigmatu 1996)
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'Geologicky tstav AV CR (em.). Myslin 56, 398 06 Mirovice, CR
*Cesky geologicky tstav, Kldrov 3, 118 21 Praha 1, CR

(Dorucené 3. 7. 2000)

Granitology — the granite science at the end of the second millennium

In the first part of this paper we present information about the second edition of Pitcher’s book about
granite origin and its significance to geological science. The second edition has been enriched by some
new aspects in all main chapters, mainly influenced by Hutton’s Symposia.

In spite of our different approach to the granite problem we highly appreciate this work. The new edi-
tion reinforces the ideas of the original which is now an essential work in the canon of geological institu-
tions and specialists. The favorable review of the first edition by Brown (1994, p. 1175) in terms of it
being “a milestone” in the granite science has been fully justified.

Pitcher’s work represents the best of what was written at the end of the century concerning widely
accepted magmatic hypothesis of the granite origin. Once more, we would like to highlight the highly
objective but selfquestioning approach of the author to controversial questions.

Pitcher makes a strong attempt to solve the crucial longstanding question of all magmatic models, i. e.
emplacement (or better the “trinity” of segregation — ascent — emplacement according to Petford, 1995)
of orogenic granites in contractional conditions (i. e. in “space denying” situation in the sense of Hutton,
1996, p. 118). The Pitcher’s own model — the ballooning in extensional and shear zones is an ingenious
but vain attempt according to our view to explain the question in a magmatic way.

In the second part of the paper we enjoy the new (less usual) granite state evaluation, i. e. from a phi-
losophical point of view. The granite problem is evaluated with regard to the position of the granite
science (granitology) in the recent general system of sciences. This extremely interesting approach
used by Clarke (1996) was published at the end of 3rd Hutton symposium papers. We present an abb-
reviated version of the main points of the granite paradigm and its anomalies formulated by Clarke. We
endeavour to present these anomalies by comparing them with some selected conclusions and ideas
from Pitcher’s book.

We conclude that in almost every point of the magmatic granite paradigm defined by Clarke it is po-
ssible to find a substantial anomaly. Thus we ask the question does granitology need a new paradigm
which can solve the central anomaly, i. e. the emplacement of orogenic granitic rocks into the Earth
crust. This should be a paradigm which answers Petford’s and Hutton's considerations above. We ques-
tion the idea that the problem of voluminous orogenic granites can be solved by any magmatic model.

The revised hypothesis of granitization. i. e. the isochemical in situ granitization (= metamorphic rec-
rystallization) in the transpression zones during orogenic events is one possibility of solution. This hypot-
hesis was formulated on example of the Central Bohemian Pluton on the basis of recent geological, geo-
physical, geochemical and petrological data by Palivcov4 et al. (1989), and developed in further papers
(e. g. VlaSimsky et al.. 1992; Ledvinkova et al., 1999). We believe that progress in the granite problem
can only be made by serious comparison of both controversial i. e. magmatic as well as transformistic
models based on detailed field investigation (as the basis of all other methods).

Recently, the granitization model was rejected — see e. g. its vanishing stage in the Clarke’s “life
tree” of the granite problem (Clarke, 1992, p. 20). We highlight that it was the model of merasomatic
granitization which was rejected. Its greatest shortcoming was the wholesale metasomatism. This short-
coming is removed by the model of isochemical in situ granitization. Clarke (1992) and Hutton (1996)
both concede that only granitization model was able to easily solve the emplacement and space prob-
lem.

Key words: granite science, origin of granitoids, magmatic paradigm, anomalies, orogenic granites,
isochemical in situ granitization

389



390 Mineralia Slovaca, 33 (2001)

Uvod

Pro mnohého z geologil, zejména studentd, je granit
jednim z mnozZstvi horninovych druhu ze zasuvek, které
se musi naucit znat, m4-li se stdat geologem. V Sirsi geo-
logické verejnosti je pak granit znam jako hornina, o jejimz
vzniku se vedly spory od pocatkl vyvoje geologie. Sku-
te¢ny vyznam granitu pro geologii a védy o Zemi vilbec
si pak uvédomuje jen mensi pocet odborniki.

Trvalo plnych 200 let, nez se zformovala véda o grani-
tu, granitologie, jako samostatné odvétvi geologickych
véd, nez se ji dostalo ocenéni na Grovni ostatnich odvétvi,
Jjako jsou napf. sedimentologie ¢i vulkanologie. Zdsluhu
na tom maji zejména posledni tfi desetileti dvacatého sto-
letf. V téchto letech, v ndvaznosti na pokrok v geotekto-
nickych predstavach o vyvoji zemské kiry, tj. na hypoté-
zu deskové tektoniky, doslo k nebyvalému pokroku ve
vyzkumu granitickych hornin a zdjmu o né. V tomto
souc¢asném obdobi zcela prevladl ndzor o magmatickém
vzniku a povaze granitu a kontroverzni hypotéza metaso-
matické granitizace byla odvoldna samymi jejimi pfedni-
mi zastanci (Mehnert, 1987). Podle Clarka (1992, s. 20)
postoupil granitovy problém do faze, kterou lze oznacit
Jjako pdtrani po zdrojich granitického magmatu. Iniciovali
Ji zejména australsti geologové Chappell a White (1974).
Pokrok byl umozZnén rozvojem novych geochemickych
metod a nahromadénim zdplavy geochemickych dat.

Po dlouhém obdobi se objevila fada dél, tykajicich se
pfimo ¢i nepfimo vzniku granitu z SirSiho hlediska, napr.
zhodnoceni nékolikaletého vyzkumu perudnského batolitu
Jjako magmatismu na okraji desky (Pitcher et al., 19853),
nové zcela prepracované dilo o enkldvach a granitové pet-
rologii (Didier a Barbarin, 1991) ¢i série ¢ldankd B. W.
Chappella, A. J. R. Whitea a spolupracovniki o grani-
tech australského Lachlanského pasma v 80. a 90. letech
(reference in Pitcher, 1997). Zhodnoceni zdkladnich vy-
sledkil z hlediska hlavnich metod vyzkumu bylo v&nové-
no celé ¢islo ¢asopisu Episodes IUGS 19/1996, v samo-
statném dile byl zhodnocen stav experimentdlniho vyzku-
mu granitoidd (Johannes a Holtz, 1996) a zapomenout
bychom neméli ani na vyborné dilo podporujici ndvrat
k mikroskopii (Shelley, 1993), i kdyZ ma 3ir§i zabér nez
granity.

AvSak hlavni zasluhu na zformovani granitologie jako
védniho oboru a zhodnoceni granitového problému v sou-
Casnosti maji dva autofi, jednak dilo Clarka (1992) ,,Gra-
nitoid rocks™, zaméfené vice na petrologii, a zejména pak
kniha Pitcherova (1993) ,,The nature and origin of grani-
te” (na zdklad€ geologickém), v novém vydani 1997 — po
dlouhé prestdvce témér soucasné dvé zdkladni knihy,
vénované vzniku granitu. Podstatnou mérou prispéla
k pokroku v granitologii tzv. ,huttonovskd sympozia®,
zaloZend na pocest 200letého vyro¢i dila genidlniho zakla-
datele moderni geologie, Jamese Huttona, ktery si jako
prvy plné uvédomoval vyznam granitu: vyjadiil obavy
0 ,,0sud granitu®, tj. v podstaté predpovédél slozitou bu-
douci historii studia granitového problému. Podrobng&jsi
informace a zhodnoceni obou knih i Huttonovych sympo-
zii 1987, 1995 bylo uvefejnéno v tomto Casopise (Mine-

ralia Slovaca, 1995, 27, 294-297 a 1998, 30, 395—412).
Zvl&stni pozornost pak zaslouzi Clarkovo vynikajici
méné obvyklé hodnoceni stavu granitologie ,,200 let od
Huttona™ na zavér III. Huttonova sympozia (Clarke,
1996).

PredloZeny Clanek poddvéd v prvé Casti strucnou infor-
maci o vyznamu druhého vydani Pitcherova dila, druha
Cast je pak vénovdna Clarkovu hodnoceni granitové védy,
které je posouzeno nékterymi zdvéry a mySlenkami
Pitcherova dila.

2. vydani Pitcherovy knihy ,,The nature
and origin of granite* (1997)

K druhému vyddni dnes urcité nejctengjsi, i kdyZ ne
pravé nejsnazsi knihy o granitu doslo po Ctyfech letech.
Ve skuteCnosti mozno 2. vydan{ pokladat za tieti, protoZe
v r. 1995 doslo k dotisku beze zmén. Druhé vyddni je
nejlep$im dokladem, Ze Pitcherovo dilo o granitu se stalo
neodmyslitelnou, nepostradatelnou soucdsti knihoven
geologickych pracovist, védeckych dstavi, univerzit i jed-
notlivych specialistl. V lednu 2000 se autor dozil 80 let,
a jen malokdo z védeckych pracovnikil mlize mit takové
uspokojeni ze shrnuti vysledkl své celoZivotni préce.
Vzdyt v druhé poloviné tohoto stoleti doslo k publikaci
knih o vzniku rGznych, ¢asto i velmi specifickych hornin
(trondhjemitd, karbonatitd aj.), vySla i fada sbornfki
o granitech, ale do knihy o granitech jakoby se Zadnému
odbornikovi nechtélo. Liverpoolsky profesor geologie
W. S. Pitcher, zdk slavného Reada, je prikladem méné b&ézné
transformace™ ve svych nazorech na vznik granitu (spiSe
tomu bylo v historii geologie obracené), ziejm¢ jako re-
akce na pifli$ silnou osobnost svého ucitele. Jak sam po-
znamenavé (s, 284), maze dobfe posoudit obé kontroverz-
ni hypotézy od dob Huttonovych, granitizaci a magmatic-
ky model, nebol ,,vychovén jako ,soak™* (pfezdivka trans-
formisti), je si naléhavé védom nedostatkil hypotézy me-
tasomatické granitizace (viz diskusi k bodu 7). Pitcherova
kniha tedy dokumentuje vitézstvi magmatické hypotézy
na konci stoleti, a to do té miry, Ze hypotéza granitizace
je zminéna jen zcela okrajové, diskutovdna podrobnéji jen
v historickém tvodu o vyvoji granitového problému (mi-
mochodem podle naSeho ndzoru nejlepsiho prehledu, jaky
byl k tomuto tématu napsan).

Kladného hodnoceni se Pitcherovu dilu dostalo uz po
prvém vydéni. Potfeba druhého vyddni nejlépe potvrdila
opravnénost vysoce kladného hodnoceni od Browna
(1994). Také charakteristika na obalu 2. vyddni vystihuje
pravdivost takového ocenéni: ,,Poslednich nékolik desitek
let vedlo k obrovskému skoku v chdpdani granitu a jeho
vzniku a dilo Pitcherovo se stalo uzndvanym autoritativ-
nim dilem k tomuto problému — meznikem v geologické
literature.” Nic na tom neméni vytky nékterych geoche-
mikd, které vedly Pitchera k roztrpenym Uvahdm, Ze
nemél k druhému vydani vibec pristoupit (osobni sdéle-
ni). Jsme presvédceny, Ze se autor hluboce myli. Jak sdm
mnohokrat zdlraziuje, je to v prvé fadé kniha o geologii
granitu, tedy o zakladnim, nejvyznamnéj$im, podstatném
kritériu pfi dvahdch o jeho vzniku. Sotva jiny soucasny
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geolog nez Pitcher, ktery geologii granitu vénoval cely
Zivot a zamyslel se nad ni, by byl schopen toto téma
zpracovat lépe, s takovou mirou znalosti i v §irokém
spektru metodiky a pribuznych véd, jaké vznik granitu
vyZzaduje. Snad bychom na ucet t&chto recenzi mohli po-
znamenal, Z¢ mame modern{ knihy o granitu z Fady hledi-
sek (viz vpfedu — tedy geologie, petrologie a mineralogie,
experimentdIni petrologie), jen dosud chybi kniha o zhod-
nocenf vzniku granitu pravé z hlediska geochemie, kterd
v poslednich desetiletich ptinesla obrovské mnozstvi
daju. Sebelepsi sborniky nemohou takovou knihu nahra-
dit. A bylo by Zddouci. kdyby se podafilo posoudit vznik
granitu z geochemického hlediska i z ostatnich pii-

Obr. L. Profesor W S. Pitcher z univerzity v Liverpoolu na lokalit&
Argyll ve Skotsku v r 1968.

Fig. 1. Professor W. S. Pitcher from the University of Liverpool.
Argyll, Scotland in 1968.

buznych oborti v takové mife, jako se to podafilo Pitche-
rovi, a s takovou mirou osobni angazovanosti.

Druhé vydani Pitcherovy knihy se v zdsadé svym ¢lené-
nim od . vydani pfili$ neli$i. Pfesto vak bere v tivahu
nové prace a poznatky, zejména ty, které byly predneseny
na Huttonovych sympoziich. Kniha tedy podrzuje
rozdéleni do 19 kapitol, z nichZ nejdileZit&j3f jsou doplné-
ny, popf. v nékterych Castech prepracovany. Rozsiieny
byly kapitoly, které se tykaji kritickych otdzek magma-
tického modelu vzniku granitoid(, za které ve shodé s Pit-
cherem povazujeme Kkapitolu 11 o emplacementu a dale
€7 kap. 5 o mikrostrukturdch. Obé patfily k nejobsaz-
n¢jSim uz v 1. vydani. Zejména kapitola o emplacementu

je dokladem, zZe si zdsadni vyznam této otdzky Pitcher
dobfie uvédomuje. Je to problém, ,,s nimz dlouho Zzil*, nad
nimZ mnoho rozvazoval, ktery mu je blizky a v némZz md
celozivotni zkuSenosti. Kapitola je rozsifena zejména
o diskusi a obhajobu jeho predstavy o emplacementu, Kte-
rou se snazil vyresit slozity problém emplacementu oro-
gennich granitl. Ty totiZ ukazuji vazbu na jedné strané¢ na
kompresni podminky orogénu, které Huttonlv jmenovec
vystizné oznacil jako ,situaci nicici prostor* (Hutton,
1996, s. 118), a na druhé strané na extenzni tektonické li-
neamenty. Pitcher (s. 193) vytvorfil predstavu pronikani
a vystupovani roztahujicich se balont po téchto lineamen-
tech. popf. mocnych stfiznych zondch. Paterson a Vernon
(1995) o hypotézu kritizovali v ..provokativnim ¢lanku
o vystupu prashajicich balonu™. Pitcherova diskuse s té-
mito autory (s. 195-197) je dokladem toho, jak slozité
konstrukce je tfeba vymyslet. aby bylo mozno emplace-
ment (vmisténi) granitu a zdrovei problém prostoru
objasnit v magmatichém modelu.

Kapitolu o mikrostrukturdach pokladame za jednu z nej-
lepsich. Vztah autora ke strukturdm v jadiuje hned prynf
Véla (s. 68): LRozumét vyvoji granitichych struktur /na-
mend za¢{t rozumét v zniku granitu™. a v zavéru autor pod-
trhuje vyznam petrografichého. dnes opomijeného a ne-
pravem podcenovaného piistupu. jemuz se lze ..vyhnout
jen na vlastni nebezpeci. A to i presto, Ze struktury gra-
nitu jsou vétsinou dvojznacné a experimentdlné 1€7ho
proveditelné — nedovedeme nahradit déiku ¢asu. Kazdy no-
vy pokus o jejich studium Pitcher vild, a proto podrobne-
Ji popisuje novy .stereologicky™ (1j. trojrozmérny) zpu-
sob jejich studia podle Bryona et al. (1995). Mdiokdo po-
chybuje o tom, Ze struktury orogennich graniti maji zna-
ky rekrystalizace podobné rekrystalizaci metamorfni. Pro-
1o je velmi ocefiovdno v magmatické hypotéze vzniku
granitu klasické dilo Tuttle a Bowena (1958) o experi-
mentech ..mokrého™ granitového systému. Ty umoZznily
vytvorit predstavu o vyvoji téchto struktur v pozdné mag-
matickém az postmagmatickém subsolidovém stadiu
krystalizacniho vyvoje granitu, a tim oslabily jeden
z hlavnich argumentt hypotézy granitizace.

Rozsifeny, doplnény nebo i z¢asti prepracovédny jsou
i kapitoly o hlavnich magmatickych modelech, diferencia-
ci, restitovém nemiseni a modelu miseni a také o plagio-
granitu a ferrogranofyru, tj. granitu ocednského dna
a ultramafickych loznich Zil a komplex.

Zéavér knihy zUstavd nezménén. Znovu je podtrzena zé-
kladni teze, k niz sméfuje diskuse jednotlivych kapitol:
granit je magmaticky produkt s multifaktoridlnim geolo-
gickym i petrologickym vyvojem. Vysledny charakter je
zavisly na rozmanitosti geologické a geotektonické pozice
a zdrojového materidlu, a jen takovym pristupem mozno
dospét ke genetické klasifikaci. Takovym pokusem je
zndmd genetickd typologie, to je charakteristika povahy
a zplisobu vzniku ve Ctyfech ruznych geotektonickych pod-
minkdch orogénu a riftovych anorogennich graniti a ve
vztahu k abecedn] klasifikaci podle zdroje (MISA — Pit-
cherova tab. 19.1, s. 343).

Zivérem k Pitcherové knize tedy shrnujeme: Ackoli
stojime v ndzoru na vznik granitd na opacném biehu feky
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(patrné proto, Ze jsme byly vychovany jako ,,magmatist-
ky*, ale pfi prici v terénu jsme si uvédomovaly zfejmé
rozpory a nedostatky magmatické hypotézy), Pitcherovu
knihu vysoce oceniujeme a jeji nové vydani vitdme. Pred-
stavuje to nejlepsi, co bylo na konci stoleti napsano
o vzniku granitu z hlediska magmatické hypotézy. ZvI4st
ocenujeme jeji Ctivost, misty aZ napinavost, a zejména
pak ,,pecet osobnosti*, tj. vyjadieni vlastniho ndzoru
k problému.

Pfipoctéme jeSté autorovo osobni zaujeti, které vyzaru-
je z celého dila, jeho osobitou dikci, a zejména pak sti-
mulaéni G¢inek jednotlivych kapitol, v nichZ nezastird
problémy a rozpory. Dobre je to patrno i v zdvére¢ném
kritickém postoji k vlastnimu dilu s filozofickym nadhle-
dem: ,,Kazd4 genetickd kategorizace musi byt posuzovana
jako filozofickd abstrakce.” A pravé proto Pitcherova kni-
ha umoznuje srovndvani s hodnocenim granitového prob-
Iému jiného vyzna¢ného badatele, D. B. Clarka (1996),
které je obsahem nasledujici kapitoly.

Clarkovo granitové paradigma a jeho anomalie — soucasny
stav granitového problému

Clarkovo hodnocenfi granitového problému ze 3. Hutto-
nova sympozia se svym obsahem a pojetim zcela vymy-
ka dosavadnim podobnym pracim: je zaméfeno na hodno-
ceni granitové védy v rdmci a ve srovndni s ostatnimi
védeckymi disciplinami. Svym filozofickym zaméfenim
se dotykd nejen granitového problému, ale i obecnych
tvah o védé, zafazeni geologickych véd do celkového
védniho systému a jejich perspektivniho vyvoje. Cldnek
je nazvan ,,200 let po Huttonové Teorii Zemé: stav grani-
tové veédy*®.

Clarke si polozil tedy otazku, v jaké situaci se dnes
véda o granitech nachdzi z hlediska obecného hodnoceni
védniho badéni z pozic filozofickych. Vychazi z dila filo-
zofa Kuhna (1970) s ndzvem ,,Struktura védeckych revo-
luci®, popf. jeho revize doplnéné Hoyningem a Huenem
(1993) s prihlédnutim k tvahdm o védé od Giere (1984)
¢i Poppera (1992 — citace in Clarke, 1996, s. 354). V té-
to syntéze o vyvoji védy Ize podle Kuhna obecné rozlisit
3 stadia:

1. pre-konsenzni, pre-paradigmové neboli pre-nor-
mdlni, tj. velmi rané, v némz kazdé pozorovani a vyklad
se dély zcela nezdvisle na jinych, bez existence n¢jaké jed-
noduché teorie;

2. normdlni neboli paradigmatem ovlddané, v némz
se uvnitf védni discipliny vytvofi paradigma, tj. uni-
verzalni poznatek, ktery pro uréité obdobi poskytuje mo-
delové problémy a jejich feSeni. Dané paradigma je jedno-
duché, vnitfné konzistentni, koncepéni a bez matematické
sofistiky, aby mohlo poskytnout uspokojivé odpovédi.
NevyreSené problémy vSak mohou byt v tomto obdobf
odsunuty bud’ proto, Ze feSeni existuje, ale badatel je ne-
nalezl, nebo proto, Ze feSeni v ramci daného paradigmatu
neexistuje, a stdva se tedy ,,anomdlii*. Casem se takové
anomalie akumulujf;

3. revoluce —tj. stadium, kdy po kratké periodé krize je
staré paradigma odvrzeno ve prospéch nového, které nejen

objastiuje anomdlie starého paradigmatu, ale ma schop-
nost je lépe vysvétlovat. Vytvoii se nové paradigma
(a je zajimavé, Ze zasluhu na tom Casto maji mladi védecti
pracovnici, kteff jsou jen malo zatizeni nebo viibec neza-
tizeni starym paradigmatem).

Obr. 2. Profesor D. B. Clarke z Dalhousie University v Halifaxu.
Kanada.

Fig. 2. Professor D. B. Clarke from the Dalhousie University,
Halifax, Canada.

V geologii skoncilo pre-normalni obdobi katastrofické
geologie paradigmatem uniformitarianismu v knihach za-
kladatelt geologie J. Huttona (1795) a Ch. Lyella (1830)
(,,pFitomnost je kli¢em k minulosti*), citace in Clarke
(1996). Béhem normdlniho obdobi ptibyvalo anomadlii,
které se nahromadily kolem 60. let. Revoluci bylo podle
Clarka obdobi vzniku nového preklenujiciho geologic-
kého paradigmatu, tj. teorie deskové tektoniky. Ta zpliso-
bila podle ného nejdramatiétéjsi védeckou revoluci ve 20.
stoleti. (Pro Uplnost poznamendvdme, Ze v nasi literature
byla vyslovena jind hypotéza, tj. hlubinné zlomové tek-
toniky na zdklad& rotatni dynamiky Zemé& N. Stovicko-
vou 1973, podle nédzoru jedné z autorek — MP — dosud
nedocenénd.)

V granitologii Ize podle Clarka rozlisit tfi obdobi: (1)
vzdalenou minulost od Huttona (1795) do Holmese (1945,
citace in Clarke 1996), v némZ byla Huttonem a dal$imi
pozndna povaha a vyznam plutonickych a metamorfova-
nych hornin, (2) vyjime¢né obdobi v druhé polovin€ to-
hoto stoleti, od 1945 do Huttonova 3. sympozia 1995,
ovlivnéné geologickym paradigmatem deskové tektoniky,
(3) soucasnost, kterou Clarke hodnoti podle poctu publi-
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kaci a jejich zaméreni (obr. 2, s. 355 in Clarke, 1996),
viz obr. 3. Konstatuje silnou orientaci na geochemii, pet-
rologii i strukturni vyzkum granitu, ale malou orientaci

Percentage of Total

Internet Discussion (n=353)
¥ Hutton 3 Abstracts (n=155)

Physicay

Temporgy

Obr. 3. Soudasné zdjmy a aktivity v granitovych problémech, podle
jednotlivych oboril. Rozdéleni do kategorif je pomérné volné, ale od-
povidd tfem hlavnim databdzim. chemické, fyzikdlni a geochronolo-
gické. Ve vsech tfech méfenych aktivitdch (GEOREF, internetovd
diskuse a Abstrakta ke 3. Huttonovu sympoziu) jasné dominuje geo-
chemie, mineralogie a petrografie a strukturni geologie. Zkratky"
Expt(MPG) = experimentalni mineralogie, petrografie, geochemie:
Expt(PP) = experimenty — fyzikdln{ vlastnosti.

S laskavym dovolenim Royal Society of Edinburgh a D. B. Clarke
pretisténo z Clarka (1996).

Fig. 3. Current interest and activity in granite problems, according to
individual disciplines. Sorting into categories is rather arbitrary, but is
at least consistent for the three databases. Clearly. geochemistry,
mineralogy-petrology and structure dominate all three measures of
activity. Abbreviations: Expt(tMPG) = experimental (mineralogy, pet-
rology. geochemistry); Expt(PP) = experimental (physical properties).
Reproduced by permission of the Royal Society of Edinburgh and D.
B. Clarke from Transactions of the Royal Society of Edinburg: Earth
Sciences, volume 87 (1996), pp. 353-359.

na geofyziku. Tyto odborniky nedokdzali granitologové
zaujmout natolik, aby vice studovali tvary a mechanismus
emplacementu granitl v zemské kife, jeden z nejobtiz-
n¢jsich, ale vychozich problémi vzniku granitu.

Zdkladnich bodi soucasného granitového paradig-
matu je podle Clarka jedendct a ve velmi stru¢ném a zjed-
noduseném prepisu jsou to tyto (podrobnéji viz Clarke,
1996, s. 365):

I. granit vznikd ¢aste¢nym tavenim zdrojovych hornin;

2. vznikd za velkého rozmez{ podminek tlaku a teploty,
zplsobenych hloubkou vzniku v kiife a tektonickymi a
chemickymi podminkami;

3. v uvedenych podminkdch je mobilizdt (= parcidlni
magma) schopno mechanické segregace a rozséhlé aku-
mulace;

4. magma vystupuje mechanicky heterogenni ktrou
z fady prevdzné tektonickych divodu;

5. béhem vystupu na cesté od zdroje na misto emplace-
mentu sméfuje ke stavu termalni, mechanické a chemické
rovnovéhy (nemusi ho dosahnout);

6. mize uzavirat okolni horniny a misit s¢, reagovat
s nimi;

7. v zévislosti na obsahu t€kavych ldatek dosahuje nasy-
cenf vodou a vyviji oddélenou fluidni, vodou bohatou fazi;

8. krystalizalni historie miZze probihat v otevieném
i uzavieném fyzikdlnim systému procesy diferenciace
(frakcionaci) smérem k produktim magmatického stadia
nejnizsi teploty (pegmatity);

9. vodné fluidy vedou k alteraci primdrnich minerdll az
k hydrotermalnimu procesu;

10. vysledné granitické horniny jsou peraluminiove,
metaaluminiové nebo peralkalinnf;

I'l. rozmanitost jednotlivych granitovych téles je
ovlivnéna fadou okolnosti, jak ldtkového, tak zejména
tektonického charakteru.

Anomdlie, na které je lfeba zaméfit budouci vyzkum,
jsou podle Clarka v sou¢asném granitovém paradigmatu
tyto (velmi zestru¢néno):

a) termdlné-mechanicko-strukturni problémy:

(1) Co je zdrojem tepla pro roztaveni kiry? Mizeme
ur¢it termalni historii granitového télesa?

(2) Jaké jsou dynamické, fyzikdlni a latkové podminky
v oblasti taveni, jak ovliviiuji reologii magmat?

(3) Jaky je fyzikalnf stav kiry — termdlni, prostorové,
Casové a genetické vztahy mezi mechanismem segregace,
vystupu a emplacementu granitu?

b) mineralogicko-petrologické problémy:

(4) Jak blizko jsou granitové systémy rovnovaznému
stavu?

(5) Jakou divéryhodnost maji geochemické modely — kdy
jsou platné, jak mlzeme méfit koeficienty procesi
(frakeni krystalizace, restitového nemfseni, asimilace,
misenf, vlivu fluidl) zplisobujicich chemické variace?

(6) Jak4 je spolehlivost tektonomagmatickych diskri-
minantu?

(7) Jaké je role metasomatozy?

(8) Je mozno stanovit vztah a podil mafickych a felzic-
kych hornin?

(9) Jaky je vyznam enkldv a jejich typt?

(10) Granitické struktury — do jaké miry z nich mizeme
usuzovat na teplotni, tlakové a latkové podminky vzniku
granitd — bude tato informace nékdy mozna?

(11) Jaky je vztah migmatitt a graniti?

(12) Jaké jsou podminky pro objeveni se samostatné
fluidni faze?

Na zaklad¢ tohoto zhodnoceni pak autor nacrtdva roz-
sahlou vizi, preference I perspektivu vyzkumu v soucasné
moderni i budouci dobg, ovlivnéné pocitaci. Porovnejme
tedy, jaké odpovédi na jednotlivé anomalie najdeme v Pit-
cherové knize, nejucelendsi koncepci magmatického mo-
delu v soucasné dobé.

Odpovédi na anomalie granitového paradigmatu
K bodu | — zdroj tepla

Existuje fada hypotetickych zdroji tepla pldstového
i korového plvodu (srv. Clarke, p. 357 — napf. subdukce,
delaminace, radioaktivni rozpad, pohtbeni, tfenf aj.). Pit-
cher zdiraziiuje, Ze taveni korovych hornin vyzaduje tep-
loty vys$$i, nez mize poskytnout i nejvyssi stadium regio-
nalni metamorfézy (s. 36, 45). Lze to odvodit z experi-
mentd. Velké objemy granitickych magmat nelze bez
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tohoto navyseni ocekédvat (s. 36, 46). Musime tedy hledat
geologicky vyklad tohoto ,,tepla navic™ (,,extra heat™). Od-
kaz na tuto nutnost je téma prostupujici celou Pitchero-
vou knihou (s. 45, 46, 283, 297 aj.). Intervence tohoto
»tepla navic™ se mize vyskytovat ve vSech stadiich pluto-
nického procesu (s. 298). V asociaci felzicko-mafickych
komplexil jsou za takovy zdroj pokladdny obvykle proni-
ky bazaltického magmatu do kury, v koliznich podmin-
kdch sloupec kiiry ztlustlé nasuny. Avsak ackoliv meta-
morfismus a magmatismus jsou zfidkakdy oddélené pro-
cesy (s. 46), mnohé granitoidy vznikaji az po vrcholu
metamorfismu. Tato skutecnost spole¢né s pozadavkem
energie jsou také hlavni divody, pro¢ Pitcher odmitd hy-
potézu metasomatické granitizace (s. 201).

Termaln{ historii hornin uréujeme pomoci geologic-
kych teplomérl. PouZiti téchto teploméra u granitoidd je
komplikovano procesy plsobicimi v zdvére¢ném stadiu
krystalizace télesa, tj. rekrystalizaci ve stadiu ,,dlouhodo-
bého duseni ve vlastni §taveé” (s. 34, 154, 263 aj.). Vy-
bornym pfikladem takového vyvoje (a pouziti geologic-
kych teplomérl) je podle Pitchera detailng studovany
skotsky masiv Ballachulish (s. 38); lze v ném rozlisit tfi
krystaliza¢nf stadia, vysokoteplotni (reliktni), stfedné tep-
lotni (hlavni) a nizce teplotni (podfizené), v rozmezi
1100-1050 °C (3 kb) do 650 az 300 °C. Poznamenava-
me, Ze podobnd stadia s obdobnym rozmezim teplot (Pa-
livcova ed., 1975; Lang ed., 1978; srv. téz Palivcova et
al., 1998) jsou charakteristicka prakticky pro vSechny
granitoidy vzniklé v orogennim procesu, a téz pro amfi-
bolickd bazika s nimi spjata. Stfedné teplotni hlavni sta-
dium Ize srovndvat s podminkami amfibolitové facie.

Z uvedeného bodu | vyplyva, Ze zdroj tepla nezname
bezpecné ani pro tvorbu vulkanita, natoz plutoniti. Tep-
lotn{ historie stanovend z geologickych teplomért ne-
musi{ byt dokladem magmatického vyvoje granitoidu;
stejné dobfe muize byt disledkem metamorfni rekrystaliza-
ce (1. izochemické granitizace).

K bodu 2 — oblast taveni, zéna parcidlniho taveni

Podle Pitchera existuji tfi zdkladni (fyzikalné-chemické)
modely vzniku a vyvoje granitického magmatu: magma-
tickd diferenciace, restitovy model nemisenf (restite unmi-
xing) a model miseni magmat (mixing and mingling).
Urcujicimi podminkami tvorby magmatu jsou tektonické
pozice a povaha vychoziho zdrojového materidlu. Mag-
mata v nich vznikaji tavenim, sloZitou sérii parcidlnich
taveni (s. 340). ,,Ackoli nyni zname vétSinu procesu,
které se zucastiuji, postradame urcitou vitalni informaci,
Kterou mohou byt existujici modely testovany a zjemno-
vany* (Pitcher, s. 341). Pficina je v tom, Ze nejcastéji
pozorujeme ,,mrtvy pluton™ po jeho prichodu do svrchni
klry a Ze tedy vidime jen stopy, které po jeho hlavnich
procesech tvorby zbyly (s. 341).

Kritickym problémem modelu parcialniho tavenf je ex-
trakce taveniny z hornin v oblasti taveni (s. 127, 129,
164, 341). To je navic komplikovdno reologickymi
vlastnostmi taveniny (diskuse s Wickhamem, s. 127). Na
mnoha mistech autor zdiraziuje nutnost ,,celkového tave-

ni* (bulk melting). Na pfikladé migmatitd, poklddanych
vétsinou autoril za prototyp parcidlné natavené horniny,
Pitcher vyslovuje pochybnosti (s. 297), zda extrakce tave-
niny mize poskytnout mnoZstvi potfebné pro objemné
masivy, tak aby postaéilo pro mobilizaci taveniny. Je
nutné celkové taveni (bulk melting) ve velkém rozsahu
(wholesale melting). V genetické typologii granitli v péti
typech geotektonickych podminek (tab. 19.1.. s. 343)
vak autor ,,celkové taveni neuvaZzuje — pouze v koliz-
nich podminkdch dochdzi k piepracovdni ultrametamorfitQ
v podobg ,davek* taveniny (batch melt). Ve vSech péli
skupindch vznikala magmata procesem parcialniho tave-
ni. V zavéru knihy se navic objevuje termin ,,bulk partial
melting” — celkové ¢astecné tavenf (s. 346).

Shrnujeme tedy, Ze uvedené modely jsou hypotetické,
extrakce taveniny z migmatitd nepostaCuje, zdkladni ter-
miny taveni by vyZzadovaly blizsi definici. Poznamenava-
me, Ze pfedstava tvorby magmatu celkovym tavenim
i parcidlnim tavenim a také periodicnost resp. epizodi¢nost
emplacementu jsou pokladany za typické znaky vulkanic-
kého procesu.

K bodu 3 — fyzikaln{ stav klry, mechanismy segregace,
vystupu a emplacementu magmatu

Podle Pitchera probihaji procesy taveni v hloubce, nej-
spise ve spodni kiife a na rozhrani kira/plasSt (s. 294),
ziidka ve svrchni kiare (s. 293); magma se musi zkoncen-
trovat v dostate¢ném objemu, aby mohlo vystoupit do
stiedni az svrchni kiry a vytvofit v ni objemna télesa,
avSak ,fyzikdlni procesy extrakce a segregace taveniny ze
zdroje zustdvaji malo pochopeny™ (s. 340).

V tomto Casopise ve zminéném piispévku k Huttono-
vym sympoziim (Mineralia Slovaca 30/1998, s.
406-410), jsme strucné zhodnotili soucasné vysledky gra-
nitologie a vyrazny pokrok dosazeny v geologickém vyz-
kumu granitickych masivi: zménu v ndzorech na povahu
magmatického krbu a pochybnosti o vystupu téles v po-
dobé diapiru (viz téZ Pitcher, s. 37); granitoidn{ télesa ve
tvaru deskovitych téles, loznich ¢&i pravych Zil, nékteré
neéekanych rozmért a tvard (,,velkd tonalitova zila™ 1000
km dlouhd a 20 km mocné v jv. AljaSce v B. Kolumbii);
vrstevné, stratifikované maficko/felzické intruze (MASLI)
ve stdle pfibyvajicim poctu; vyraznou vazbu orogennich
granitickych téles na mocné stfizné zény a lineamenty,
pokusy o feSeni stdlého problému vystupu magmatu
v kompresnich (kontrakénich) podminkdch orogénu (,in
space denying situation* podle terminu Huttona 1996)
a nékteré dalsi. Podrobnéji viz uvedenou zpravu. To vse
jsou také otazky, které jsou vlastnim zdjmem Pitcherova
celoZivotntho vyzkumu, a je proto pfirozené, Ze je jim
v knize vénovdno dostatek mista, aby je demonstroval
a diskutoval na dobfe prostudovanych télesech.

Z knihy podle naSeho nazoru vyplyva, ze vétSina prob-
Iémi emplacementu a geologie granitu je znacné diskuta-
bilni a rozpornd. Pitcher saim casto pouziva terminu ,,s0-
phisticated™, coz lze podle Osicky a Poldaufa (1971) pie-
lozit jako ,rafinovany™, ale téz ,,zfalSovany™, napfiklad
v diskusi o kalkulacich vystupu diapiril (s. 194) a v Fadé
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dalSich problému (s. 96, 219, 323), nebo terminu ,,intrica-
e (spletity, slozity). Jako priklad takového diskutabilniho
emplacementu mizeme uvést nahrazovani zpochybriova-
ného vystupu klasickych diapirt (,,piercement diapirs*) ruz-
nymi stejné diskutabilnimi mechanismy, jako jsou balo-
ny, pulcovité tvary, puchyfe, vyplné dutin (s. 194) a nej-
novéji i pravé zily v hlubsi kufe (s. 208). Zatim co balony
Pitcher preferuje (,,Vystup balony je Ustfednim procesem
ve vystupovych fazich emplacementu granitu™ — s. 195),
k pravym Zildm v hlubsi kife ironicky poznamendvd: ,,Nikdy
jsem Zily pod plutonem nevidél! (s. 208). Jinym pifkla-
dem je problém Pitcherovi ,,divérné zndmy* (s. 195), slo-
zitost vykladu zondlnich plutont (diferenciace ¢i opakova-
né pulzy? s. 102-103), nebo téz pokus vyresit problém
prostoru extenznimi dutinami ve stfiznych zonach (s. 194,
233), coz pokladame v batolitovych objemech za stézi
predstavitelné. Za geologicky malo redlné pokladame téz
LHinflux™, infuze®, popt. i ,,fontdny™ (s. 159) bazaltickych
magmat do krbu, doprovdzené vznikem enkldv a pillow,
nebo také predstavy, ze mohutné vyzdvihy oblasti by
mohly vyvolat ,,dramatické zmény* v rychlosti ochlazové-
ni magmatu v hloubce (s. 216), eventudlné exhumace do
takové hloubky, Ze nahlizime i do hlubokych krbu (Pater-
son et al., 1996), do oblasti taveni (Wickham, 1987). To
jsou jen nekteré namdtkou vybrané priklady problému sou-
visejicich s emplacementem. Pitcher ov§em fesi problémy
typickym zplisobem v souhlase se svym multifaktoridlnim
modelem vzniku granitl; napiiklad v diskusi o diapiric-
kych intruzich uzavira: ,,VSechny zplsoby kombinaci tako-
vych procest (tj. vystupu) jsou mozné; pronikdni diapirt
(piercement) a vystup balont se nevylucuji.” (s. 197). Slo-
Zitost a variabilita predstav a interpretace udaju vedly Pit-
chera k zavéru o individualité jednotlivych teles: ke kazdé-
mu télesu je nutno pristupovat individudalné s védomim
slozitosti nékolika moznych procest vzniku (s. 113) a se
snahou oddélit je v ¢ase. My jsme si polozili otazku: nema
tato individualita jinou, obecné platnou pfic¢inu?

Neni cilem tohoto pfispévku zabyvat se podrobnéji
touto zdsadni otdzkou granitového problému. Terminu
~emplacement™ se pouzivd Casto s. l., protoze vztah vy-
stupu a kone¢ného emplacementu (ascent + emplacement)
neni zretelné definovdn. Je ziejmé, Ze slozitost emplace-
mentu nelze feSit bez znalosti fyzikalni povahy a stavby
kiry, tedy ve spoluprdci s fyziky a geofyziky. Vpredu
jsme uvedli, ze zatim se granitologie v tomto sméru pfi-
1i§ neangazovala (srv. obr. 1). Jestlize fyzikdlni procesy
segregace taveniny ze zdroje zlstavaji podle Pitchera mélo
pochopeny, muzeme tim spise prohldsit totéZ o vystupu
a emplacementu. Ten je spojen navic s nejobtiznéjSim
,»staronovym™ problémem, t]j. ziskdnim prostoru v rigidn{
kute. PIné souhlasime s Clarkem (1992, s. 20) i Hutto-
nem (1996, s. 114), Ze nejjednodussim a jednim z nej-
starSich obecnych feSeni problému prostoru (a doddvame,
ze tedy i problému emplacementu) je transformisticky
model granitizace. V ramci nové definovaného modelu
granitizace (tj. izochemické metamorfni rekrystalizace
prekurzort in situ, Palivcovd et al., 1989) je rovnéz
petrologickd a geochemickad individualita a mnohotvér-
nost jednotlivych téles snadno vysvétlitelnd.

K bodu 4 — rovnovazny stav

Pitcher vyslovuje nadgji, ze za predpokladu dostatec-
ného mnozstvi udaji by b&hem dvaceti let mohlo byt
eventudlné mozné pocitat rovnovazny fazovy stav v sys-
tému krystal-tavenina v magmatech (s. 34).

K dvahdm o dosaZeni rovnovdzného stavu muze vést
skute€nost, ze granitoidy z riznych masivi, dokonce i na
celé Zemi, jsou si velice podobné, a zejména to plati
0 nejpokrotilejsim stadiu vyvoje, granitu s. s. Takovy zi-
vér je oviem v zdsadé v rozporu s hlavnim smyslem Pit-
cherovy knihy, tj. ukdzat, ze granit je produkt ,,multifak-
toridlnich™ procest, v nichZ se i modely vzniku granitu
mohou navzdjem rizné kombinovat. Pitcher sam si byl
tohoto rozporu védom, a na nékolika mistech vyslovuje
podiveni, ze je nesnadné ,,vysvétlit, pro¢ granity rizného
plvodu jsou si tak podobné modédlné™ (s. 38), Ze se proje-
vuje ,regiondlni totoZnost granitu navzdory sloZitosti
zdroji™ (s. 331) nebo Ze ,,to, co shleddvam obzvlasté sple-
tité z hlediska velké fady moZnych zdroji a procesi je
skutecnost, Ze granit na celém svété je prave ten jednodu-
chy granit, ktery bychom ocekdvali jako rezidudlni sys-
tém* (s. 344).

My se domnivdme, Ze Pitcherova predstava multifakto-
ridlniho vzniku granitu a ,.nekoneéné repetitivni procesy™
v zemské kife (s. 341) teorii sméfovani magmatického
granitu k rovnovaznému stavu nepodporuje, ba pfimo vy-
lucuje. Lze uvést celou Fadu dokladti — napf. procesy asi-
milace, kontaminace, miseni, relikty vysokoteplotnich
minerdl(i, nezdkonitou zonalnost plagioklasti v téze hor-
ning, rozmanité rekrystaliza¢ni struktury amfibolt, kon-
troverzni izotopické Gdaje aj. — které svedci proti dosazent
rovnovazného stavu. Protoze v magmatickych modelech
vSechny orogenni granity prodélaly stadium rekrystalizace
v ,,subsolidovém stavu™, muselo by byt rovnovazného
stavu dosaZzeno v tomto stadiu vyvoje. V tom piipad¢
ov§em ztracime moznost posoudit, zda pFi¢inou ke smé-
fovani k rovnovdznému stavu je proces magmaticky, Ci
metamorfni — argumentu nelze vyuZzivat pro preferenci
jednoho z nich.

K bodu 5 — geochemické modelovani

Geochemické modelovani je v soucasné petrologii vel-
mi pouzivané a ocenované.

Otédzku, do jaké miry spolehlivé muzeme méfit podil
(,,koeficienty) raznych procesu, jako je frakeni krystali-
zace, asimilace, kontaminace, znovu naplnéni (recharge),
restitové nemiseni, miseni magmat, ¢i naopak jejich ne-
misivost, interakce fluida aj., polozil Clarke jiz v r. 1992
(s. 86-91).

Pitcher se k modelovym kalkulacim stavi velmi rezer-
vované, i kdyz si sdm priznava riziko svého postoje v sou-
Casné dobé jejich obliby a zaplavy geochemickych dat.
V diskusi 0 zachovdni restitu s Whitem a Chappellem napf.
tvrdi (s. 135): ,,Jsem — patrné zcela nerozumné — ne zcela
duverivy ke kalkulacim, které spoléhaji na distribu¢ni koe-
ficienty..." V diskusi o hercynskych granitech s Rotturou
et al. (s. 140) poznamenava, Ze ,,tento vyzkum dobie uka-
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zuje sloZitosti formulistického modelovani. A¢koli je toto
modelovdn{ zcela raciondlni, neoCekdval bych, Ze néjaky
vzorec muZe presné modelovat pifrodnf proces...” Na radé
mist — v souhlase se svym zdvérem o multifaktoridlnich
procesech pfi vzniku granitu — zdUraziuje spletitou slozi-
tost procesu (s. 139, 140, 184, 219), odmita zjednoduSo-
vanf, napf. pfi vzniku enkldv. N&které prace pifmo odsu-
zuje, kdyZ poznamendvd, Ze ,,v poslednich letech dosahlo
modelovani (tykd se mechaniky fluidd) vysokého stupné
rafinovanosti* (s. 96).

_ S podobnou opatrnosti posuzuje Pitcher experimenty.
Radu jich hodnoti kladné, oddéluji ,,nemozné od moz-
ného™ (motto s. 32). Je vSak také jednim z médla autord,
ktery pfipomind, Ze experimenty s granitovymi systémy
,.-nikdy nebyly dovedeny do stadia reprodukce plné krysta-
lovaného granitu™ (s. 34). ,,Horniny nemohou byt studo-
vany izolované ani od laboratofe, ani od terénu. Urcité
nejsou chemickymi ¢i fyzikdlnimi Cisly, ale podstatnou
¢asti geologické historie.” Je nutny holisticky model
vzniku (s. 342). Readlyv vliv je nesporny.

Pitcher se stavi opatrné i k pouziti koeficientd distribu-
ce stopovych prvki a REE (s. 29, 163, 307). Sdm vsak
ukazuje priklady, zejména z kordillerskych batolitt, kde
tyto Gdaje pomahaji urcit zdrojové materidly v souladu
s geologickou stavbou.

Podle naSich zkuSenosti predstavuji REE a nékteré dalsi
stopové prvky velmi spolehlivé kritérium spravnosti mo-
delu, pokud je vytvoren na zdkladé detailniho geologic-
kého, petrografického a geochemického, popt. geofyzikal-
niho vyzkumu.

K bodu 6 — tektonomagmatické diskriminanty

Jako geolog zabyvajici se cely zivot geologii granitu,
a jist¢ opét i pod vlivem svého uditele Reada, davd Pit-
cher jednoznacné prednost geotektonickym kriteriim, na
kterych je vybudovdna i jeho genetickd kategorizace gra-
nitd (tab. 19.1).

»Nikterak se neomlouvdm, Ze vynasim do popiedi geo-
tektonicky aspekt, protoZze pouze v tomto geologickém
kontextu ma pro mne plvod granitu né&jaky smysL.™ (s. 36).

Pokud jde o tektonomagmatické diskriminanty zalozené
na stopovych prvcich, poklddanych za stabilni béhem
procesu alterace, poklada je Pitcher ,,za mocny prostiedek
pro rozliSen{ okolniho tektonického prostiedi, zvI4st€ pro
bazick€ horniny. Snad v nejjednodussim pifpadé je tomu
tak i pro granity, ale zde jsme postaveni pfed problém
slozitosti  mnohondsobnych generativnich procesi
a smiSenych zdrojt, s pravdépodobnosti superpozice, s pre-
pracovanim staré klry, v niz je oti§téno nékolikero dFi-
v¢jSich tektonomagmatickych uddlosti (s. 29); ,,mohou
poskytovat jen vymezeni, ne dikaz, a je nepravdépodob-
né, ze mohou byt dostate¢né diskriminacni, pokud sloZenf
zdroju nenf dostate¢né kontrastni* (s. 163).

Z kapitoly o kordillerském typu granitoidd, resp. zdro-
ji t&chto granitoidd, je zfejmé, Ze sc zavéry opiraji do
zna¢né miry o geochemické, predeviim izotopické ddaje
(s. 250-253), stejné jako v diskusi o A-granitech (s. 260,
261) Ci o vzniku velmi starych tonalitl (s. 335). Stopové

prvky, zvlasté REE a izotopy umoZnily ,,patrani po zdro-
jich™, coZ je podle Clarka (1992) hlavnim znakem a po-
krokem v soucasném stadiu vyvoje granitového problé-
mu. My se domnivdme, Ze pro pouZiti tektonomagmatic-
kych diskriminantd plati totéz, co bylo feCeno o stopo-
vych prvcich obecné. Mohou se stat ,,mocnym prostied-
kem* pii posuzovani vzniku granitl za predpokladu, ze
detailné zname geologii, petrografii a geochemii studova-
ného télesa nebo oblasti. Bez této znalosti, pouze na za-
kladé nékolika mélo geochemickych ddaji a jejich zafaze-
ni do diskrimina¢nich diagramt, lze Casto dojit k rozpor-
nym vysledkdm, napf. i u izotopovych dat.

K bodu 7 — role metasomatdzy

Abychom mohli tuto roli posoudit, musime podle Pit-
chera v prvé fadé rozumét strukturdm granitl (viz bod 11);
dvojznacnost granitickych struktur byla pficinou sveiepych
diskusi v konfrontaci magmatistd a transformistd (zastanc(
granitizace). Granitizace byla a dosud je chdpdna v klasic-
kém pojeti jako metasomaticky proces. Po Mehnertoveé
(1987) odmitnuti dalekosahlé metasomatické granitizace
(tedy pfinosu latek) byla pozornost vénovand procesu me-
tasomatézy znacné oslabena, novéji se vsak autofi (zejmé-
na v procesu metamorfismu) k problému opét vraceji.

Také Pitcher metasomatozu velkého méritka, jak ji vy-
7aduje klasicky model granitizace, shodné s Mehnertem
striktné odmita. Povazuje model metasomatické granitiza-
ce (podobné jako Clarke 1992) za prekonany, a tak mu
vénuje vE&t§i pozornost v historickém prehledu (s. 4, 13,
15, 16) nez v textu samém (201, 284). 1 kdyz to
vyslovné neuvadi, lze predpokladat, ze lokdlni metasoma-
tické procesy pripousti v podminkéch ultrametamorfismu
a hlubinné anatexe, tj. v koliznim prostfedi, kde dochazi
k tvorbé prikrovi a cirkulaci tékavych slozek ve stfiznych
zénach, tedy v koliznich granitech (s. 345). AvSak na dru-
hé stran¢ zdlraziuje, ze zachovani heterogenit, jako je
stratifikace, klasty a konglomeraty az do nejvy3sich stadif
metamorfismu definitivné metasomatickou granitizaci vy-
luCuji (s. 284). l'aké nepoznana foliace byla nékdy
chybné pokldddna za relikin{ struktury ve prospéch grani-
tizace (s. 65). Jak v metamorfismu, tak v metasomatic-
kych procesech milze dochdzet k migraci latek, ale v tom
pifpadé kritickd role piislusi deformaci (285-288). Muze
tedy dojit k metasomatdze napf. ve stfiznych zondch, tedy
vlivem deformace.

Pitcher ukazuje napf. zménu svého pivodniho chyb-
ného metasomatického vykladu megakrystli draselného
Zivee pod vlivem praci Mehnerta a Busche (s. 84). Podob-
nou zménu prodélaly nazory na dlouho diskutovany prob-
1ém krystalizace Zivcl rapakivi (s. 87); novy vyklad této
struktury dekompresi magmatu, kterd zménila slozeni
granitického magmatu misenim s mafickym magmatem,
je podle Pitchera soucasné potvrzenim toho, Ze procesy
probihaji béhem vystupu magmatu. Presto se Pitcher do-
mnivd, Ze nelze odmitat lokdlni metasomatézu v pozd-
nich stadiich rekrystalizace granitu, patrnou napf. na za-
tlacovdni plagioklast draselnym Zivcem (s. 86) a také vy-
klad Zivcovych megakrystd v kontaktnich hornindch jej
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neuspokojuje (s. 85). Pro vésinu velkych Ziveu predpo-
kldda magmatickou krystalizaci z taveniny s urcitym po-
kraCovanim ristu téméf v pevném stavu (s. 84). Ukazuje
téZ na problémy krystalizace muskovitu (s. 82) a nesdili
Casto uplatiiovany ndzor o primdrni krystalizaci epidotu
(s. 80). Nizké hodnoty teploty krystalizace amfiboll
svédci o krystalizaci od pozdné magmatického stadia do
subsolidové uralitizace (s. 39) v dne$ni drovni emplace-
mentu (s. 40) a zdvisi na obsahu vody.

Podotykdme, Ze z uvedeného zamérné SirSiho prehledu
je zfejmé, Ze t€Zko urCujeme samu existenci metasomatic-
kého procesu v granitu, a sotva tedy mizeme takovy pro-
ces kvantifikovat. Navic je tfeba poznamenat, Ze pokud se
v soucasné petrologii hovoii o granitizaci, tento termin
autofi nespravné zuzuji a rozumi jim vzdy metasomatic-
kou granitizaci, tedy transformaci s piinosem latek.
Spravnéjsi $irsi pojeti, tj. v€etné izochemické granitizace,
uvazovali v minulosti autoli jen okrajové.

K bodu 8 — vztah mafic — felsic

Tésny Casovy vztah mafického a felzického magmatu
Jje zdkladem jednoho z magmatickych modell, modelu
miseni magmat (viz téZ dal$i bod sub 9). Clarke se pt4,
zda jsme schopni urcit fyzikalni a chemicky podil plasto-
vého materidlu v tomto procesu z mikrostruktur ¢i geo-
chemie.

Z udaji v Pitcherové knize vyplyvd, Ze zatim nedove-
deme urcit ani mechanismus miseni, ani hloubku tohoto
procesu. Podle autora (s. 133) je nutno pfijmout nazor, zZe
kK miseni magmat ve vétSim méfitku muze dochdzet jen
v hluboké kife, nejspiSe na hranici klira/plast. Totéz platf
pro procesy asimilace a kontaminace, protoze jakékoli
pfiddn{ materidlu méni reologii magmatu, vede k rychlé-
mu utuhnuti a zabraiuje vystupu. Modelovéani procesu
Caste¢ného taveni (s. 127) ukazuje, Ze k miseni dochazi
i pfi tomto procesu, tj. napf. pi intruzi bazaltického mate-
ridlu do kiry. Existuje v8ak obecny souhlas vétSiny bada-
teld, kteff se timto procesem zabyvaji, Ze fyzikdlni vy-
klad mechanismu misenf je velmi nesnadny (s. 163).
Podle vétSiny konkrétnich geologickych piikladd nepro-
biha totiz miseni magmatu jako proces miseni s. s. (,,mi-
Xing* — majici smys! ,slu¢ovani, spojovani*), ale jako
,»mingling™ (tj. pohyb pri udrzenf identity — definice podle
Pitchera s. 145). Pitcher si proces miseni pfedstavuje
tak, ze zahrnuje jevy od miseni (mixing) dvou magmat
podobné viskozity pres stadium ,,mingling*, kde je velky
rozdil ve viskozité, az do stadia, kdy fluidni mafické mag-
ma intruduje v ranych stadiich do chladnouciho, téméF
zpevnéného (quasisolid) granitického hostitele. My pfipo-
mindme, Ze se navic fada badateld domnivd, Ze procesy
miseni pozorujeme ve vychozech in situ, a kladou proces
bud” do subvulkanické trovné, nebo do pifvodni drahy
magmatu, eventualné do magmatického krbu, dnes denu-
daci odkrytého. Geochemické tdaje ukazuji znatnou
rozpornost procesu miseni, a aby ji mohli vysvétlit,
uvazuji néktef badatelé misen{ z vice nez dvou, i z celého
»poCtu® korovych zdroji, které uz pred misenim musely
byt podle autorli ¢dstecné roztaveny a diferencovany, coz

Pitcher oznaCuje jako ,,zdbavné“, i kdyz ne prekvapujici
komplikace (s. 325).

Slozitost vztahu bazického a kyselého magmatu nejlé-
pe podle naseho ndzoru ukazuje tzv. ,appinitickd série®.
Pitcher jako jeden z jejich znalcl ji vénuje znaCnou po-
zornost (s. 148, 168-182). Jsou to drobnd bazickd télis-
ka, jejichZ petrografické sloZeni ma velky rozsah s preva-
hou amfibolickych gaber a dioritl. Jsou doprovdzena lam-
profyrovymi Zilami a také minoritnimi vyskyty specific-
kych graniti. T¢liska vystupuji v Sir§im endokontaktu
velkych skotskych granitoidnich téles. Jejich vyznac¢nou
vlastnosti jsou projevy explozivniho pronikdni a dalSi
znaky typické pro vulkanity a podle n&kterych autori
mohly dosahovat az k povrchu. Tytéz latkové, ale zejmé-
na strukturné podobné bazické horniny jsou pfitomny ja-
ko uzavieniny nebo bazickd téliska v endokontaktu vel-
kych granitoidnich masivi. Nékteré maji struktury inter-
pretované jako kumuldtové, tedy z ,,hlubinnych™ magma-
tickych krbu. Je nutno vymyslet slozité hypotézy, aby
bylo mozno protikladny geologicky vztah t&chto hlubin-
nych bazik a témé&f povrchovych appinitil vysvétlit.

Zatim je sporné, zda ,,appinitovy problém™ je speci-
fickym znakem skotskych granitoidnich (€les, Ci zda Ize
appinity srovndvat s béznou ,satelitni* sérii bazickych
a dioritickych hornin, asociovanou s granitoidnimi
komplexy (s. [81).

VyfFeseni problému appinittl povaZujeme pro granitovy
problém za velmi vyznamné; tyka se podle naSeho ndzoru
maficko-felzické série vech batolitli andského a kordiller-
ského typu a téles jim podobnych.

Na Clarkovu otdzku o moznosti uréeni podilu pldsto-
vého materialu v granitoidech odpovidaji stdle ¢etnéjs{
geochemické studie, tykajicf se izotopti St/Rb, Sm/Nd aj.
Jako priklad z Ceského masivu lze uvést praci Janouska
et al. (1995) ze stfedoCeského plutonu, kde metodou
Sm/Nd autofi zjistili uréity podil plagfového materidlu
v granodioritech a tonalitech sdzavského typu.

K bodu 9 — enkldavy

Ackoli je jim pficitdn rozmanity pivod (s. 144), my
poznamendvame, ze tytéz enkldvy jsou vyuzivany jako
argument pro platnost riznych modell vzniku granitu.
Nejlépe je to patrno na mafickych enkldvach oznacova-
nych MME (mafic microgranular enclaves). Doneddvna
byly a dosud jsou nékterymi autory pokladany za doklad
modelu frakéni krystalizace, tj. doklad existence bazic-
kého magmatu, které se diferencuje. Jako bazické pillow
nebo utrzky (blobs) bazického magmatu jsou argumen-
tem pro model miseni bazického a felzického magmatu,
a jako restity, netavitelné zbytky, jsou pokldddny za dikaz
podporujici model parcidlni anatexe. Pro tplnost miizeme
pfipojit vyklad jako ,,resisters™ (s. 136), zachované relikty
z procesu granitizace, coz Pitcher zejména pro granitické
plutony vysokych trovni klry poklddd za vyklad zcela
neudrzitelny (s. 154).

Mezi zastdnci restitového modelu a zastdnci frak¢nf
krystalizace vznikla debata o moZnosti prezivani restitu
(s. 124) ve struktufe granitu v podob¢ minerdll (jader pla-
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gioklas(, zirkond, ocellarnich kfemend, tmavych minera-
10). Takovy vyklad Pitcher odmitd (s. 138), mikrostruk-
turnf kritéria jsou nespolehlivd; stejné dobfe lze tyto mi-
nerdly poklddat za doklad magmatické krystalizace. Po-
dobné metasedimentdrni enkldvy, které mél Pitcher moz-
nost vidét, jsou podle ného pravé xenolity okolnich hor-
nin, nikoli protolit; jsou to ,,resisters™, nikoli restity.

Nazor na vznik enkldv je velmi rozdilny, ale vétSina
autord — hlavné pod vlivem knihy Didiera a Barbarina
(1991) — pokladd jejich vznik i klasifikaci za v podstaté
vyfeSené. Latkovy i geologicky pokrok jejich vyzkumu,
patrny z knihy téchto autorl, a zejména model misen{
magmat radikdlné zménil vice nez stolety ndzor na geolo-
gicky vyznam mafickych enkldv: prestaly byt kritériem
Casového vztahu starsiho bazického a mladsiho felzického
magmatu. Velkou mérou se o to zaslouzil také Pitcher
vyzkumem synplutonickych mafickych zil. Ukdzal vznik
enkldv rozpadem, rozldmanim téchto zil. ,,Rozlaméani ma-
fickych zil v granitovém hostiteli je vSudypritomné (ubi-
quitous). Dusledek je jasny — bazické magma pronikalo
do nezkonsolidovaného, uZ relativné chladného granitu...”
(s. 150).

Podle naseho ndzoru lze z literatury vycist obecnou
shodu mezi vétSinou granitologl v tom, ze MME enklé-
vy v metaaluminiovych granitoidech I-typu jsou magma-
tického plvodu, zatimco ultrabiotitické enkldvy jsou res-
tity sedimentdrniho pivodu a jsou typické pro peralumi-
niové S-granity. Studiu enkldv je pri¢itdn znacny
vyznam.

Naproti tomu velké slozitosti detailniho geochemic-
kého studia enkldv (REE, izotopy) vedly Flinderse a Cle-
mense (1995) k takovym pochybnostem, Ze polozili otdz-
ku o zbyte¢nosti jejich naro¢ného studia; pokladaji vy-
zkum enkldv za bezpfedmétny, ,,cestu do slepé ulicky*.
Pitcher naopak hledd pficiny ve sloZitosti procesi jejich
vzniku, protoZe ,,jednoduché modely jsou produkty vy-
zkumnych zprédv, nikoli vychozu™ (s. 154).

Otdzku, jaka je dulezitost enkldv v granitové petrolo-
gii, si polozil také Clarke. My v souhlase s vétSinou gra-
nitologh o vyznamu enkldv nepochybujeme. Pokldddme
Jje za dulezity geneticky znak granitickych téles a jejich
historie. Domnivdme se, Ze bychom si spiSe méli polozit
otazku, pro¢ soucasné magmatické modely nejsou schop-
ny vznik enklav dspéSné resit a zda nesnaze s jejich inter-
pretaci a s rozpornymi geochemickymi ddaji netkvi
v magmatickych modelech samotnych.

K bodu 10 — granitové mikrostruktury

Vyznam struktury granitu v Pitcherové podéni nejlépe
charakterizuje dvodni véta k prislusné kapitole (s. 68):
»Rozumét vyvoji granitickych struktur znamend zacit ro-
zumél genezi granitu.” ,,Dosud si v8ak muzeme jen pied-
stavovat, Ze rozumime nejjednodussi z nich.” (s. 69).

Prokazatelné analogie struktur granitoidt s metamorfni-
mi strukturami byly jednim z hlavnich divodi sporl
magmatistl a transformistu a byly oporou hypotézy gra-
nitizace. Jiz vpredu (body 1 a 7) jsme poukdzali na
vyznam pokusd s ,,mokrymi granitoidnimi systémy,

které se staly zdkladem predstavy o rekrystalizaci magma-
tické struktury v pozdné magmatickém stadiu, ,.dlouhé
dugeni ve vlasini §tavé" (,long stewing in own juice™ — napf.
s. 154 aj.). Na druhé strané je Pitcher jednim z mdla, kdo
neopomenul zdlraznit, Ze i pres velky pFinos experimen-
talnich modeld se granit s granitovou strukturou vyrobit
nepodafilo (s. 34, 151). Experimentt o strukturdch je md-
lo a tykaji se predev§im vulkanickych hornin. Kritérium
Casu ve vyvoji granitickych struktur sotva dokdzeme
nahradit. Pitcher také objektivné pfipomind, Ze napf.
euhedrdln{ tvary nemohou byt jednozna¢nym kritériem
magmatické krystalizace, a Ze tedy strukturni dikazy
jsou Casto dvojzna¢né. O mineralech ve struktufe granitu,
které byly dvojzna¢né interpretovdny a nejvic rozporng€
diskutovdny, jsme se zminili v kapitole o metasomatdze.

Pfesto Pitcher uvdadi fadu pfikladu, kde specifické
struktury zietelné naznaluji historii krystalizace. Prikla-
dem mohou byt jemnozrnné facie v kontaktnich zéndch,
které Ize charakterizovat jako kontakty chladnuti. Prob-
lém je ovSem v tom, Ze podobné jemnozrnné struktury
se mohou objevit v hrubozrnnych (napf. porfyrickych)
granitech i uvniti télesa bez zdvislosti na kontaktu, a he-
terogenita struktur je asto patrna i ve vybruse. Takové
struktury naznacuji podle Pitchera nerovnovazny stav
(s. 89).

Pies viechny vyhrady ke strukturdm hornin autor di-
razné podirhuje ve vyzkumu granitd a jejich struktur du-
lezitost petrografie, jejiz dstfedni role (s. 90) neni vzdy
bohuzel ocefiovdna. Je to v prvé fadé¢ modalni sloZeni
a strukturni zmény, které poskytuji prvoradé dikazy
o variabilité granitickych hornin.

My se domnivdme, Ze tyto Pitcherovy pozndmky by se
mély brdt v Gvahu zejména pri nakladném geochemickém
vyzkumu, ktery se mnohdy malo opird o zdkladni geolo-
gicko-petrograficky detailni vyzkum. Vé&§ina autoru
obecné prijimd ndzor, Ze granitické struktury jsou mdlo
spolehlivym kritériem krystaliza¢niho vyvoje horniny.
Presto jsou tymiz autory b€zné vyuzivdny na podporu
magmatickych modelu.

K bodu 'l — migmatity a granity

Migmatity jsou zdkladem modelu parcialniho taveni.
,.Zdd se byt prokdzdno, Ze tavenina (v migmatitech) miZze
existovat, ale je nepravdépodobné, Ze muZe byt extrahova-
na ve velkém mnozstvi...” (s. 289). Pitcher proto prefe-
ruje dalekosahlé anatcktické taveni, pfi némz migmatity
mohou byt zdrojem granitu, jsou-li pfetaveny jako celek.
Takovy proces nevyzaduje extrakci taveniny z horniny
a muze poskytovat takové mnozstvi taveniny, které je do-
state¢né pro jeji mobilizaci.

Snad k tomu miZeme poznamenat, Ze lakova predstava
o celkovém taveni zdrojovych materidld a nasledna mobi-
lizace taveniny je zcela ve shodé s predstavou vzniku
a vystupu magmatu vulkanickych hornin.

Studium rovnovédzného stavu hmoty migmatitd rovnéz
popird extrakci taveniny z leukosomu. Pokud o néjakou
migraci jde, pak je podle Pitchera materidl spiSe doddn
nez odvadén (s. 289).
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Jako novéji dobfe prozkoumanou oblast uvadi Pitcher
migmatity a granity v kadomském pasmu sz. Francie
(s. 290-291). Zde Lemos et al. rozlisili ruzné procesy
ve dvou drovnich kiry, stfedni a svrchni. Ve stiedni
kire (oblast St. Malo) jsou migmatity a anatektické
granity, které jsou Uzce asociovany se stiedné metamor-
fovanymi sedimenty (v amfibolitové facii); ve svrchni
kife (mancellianskd oblast) jsou sedimenty téhoZ typu,
ale s niz8im stupném metamorfézy, pronikany nedefor-
movanymi granitickymi intruzemi. V celé zéné migma-
titizace jsou doklady o synchronni polyfazové deforma-
ci. Ackoli v oblasti St. Malo jsou ur¢ité doklady o lo-
Kaln{ interakci s mafickymi magmaty, autofi povazuji
objemy téchto mafickych magmat za prilis malé, nez
aby mohly byt pfi¢inou taveni. Proto je taveni pri¢itdno
nejpravdépodobnéji ztloustnuti kary a vlastnimu radio-
aktivnimu zahfivdni béhem transprese. Mancellidnské
granity jsou pokladany za finalni vystup hlubinnych
anatektickych granitl ze spodnéjsi vrstvy kiry do kfeh-
ké svrchngjsi. Privodnimi drahami granitd byly st¥izné
z6ny. Po nich granity vystupovaly z mista svého vzni-
ku, pficemz hnaci silou bylo stifdan{ dilatace a kompre-
se ve stfizném systému. V podminkach dilatace dochaze-
lo ke vzniku extenznich trhlin, v druhém pfipadé ke
kompresnim stfihGim. Predstava o anatektickych grani-
tech v hlubsf sérii a intruzich v mél¢i sérii je podle Pit-
chera velmi blizka Readové predstavé o granitové sérii
(s. 292). Read tvrdil, Ze vystup magmatu trvd déle nez
tektonické udalosti, a proto mnohé granity prordzeji
strukturami jako postorogenni. Pitcher sdm nabizi jiné
vysvétleni: tavenl a segregace leukosomu je spise spoje-
na s metamorfismem vysokého stupné, kdy rozsdhlé ta-
ven{ vede ke vzniku diatexitt, tj. anatektickych granitQ
schopnych pohybu. Vznik téchto diatexiti klade do
vetSi hloubky, kde migmatity mohou byt zdrojem mag-
matu, ale jen jako produktu rozsdhlého (celkového) ta-
veni do takového stupné, aby to postacilo k mobilizaci
taveniny (s. 297). Pripady vazané na vyS$si trovné l\ﬁry
Jjsou omezené. Takovymi jsou napf. himdlajské S-grani-
ty, kde extrakce taveniny je vdzdna na ndsunové plochy
a umoznéna vysokym obsahem tekaV)ch slozek
(s. 142). Ze nelze popfit vznik granitu in situ, toho
dokladem je podle Pitchera tvorba mikrogranitu v aureole
velkého gabrového télesa Cashel v Irsku.

Je tedy zfejmé, ze ani na Clarkovu otdzku v bodé 11,
zda a v jakém vztahu jsou migmatity ke granitim, nel-
ze v Pitcherové knize najit uspokojivou odpovéd. PFi-
pomindme, Ze jeSté Iépe je sloZitost interpretace mig-
matiti v blizkosti granitového télesa patrna na pyrene;j-
skych granitech, popsanych Wickhamem (1987) a Solar
a Brown (1995) rozliSuji v severnich Appalagich dva
mechanismy odliSné migmatitizace, migmatity vzniklé
injekci granitického magmatu oproti migmatitim ana-
tektickym.

K bodu 12 — fluidy

Clarke klade otdzku, jaké jsou nutné podminky pro ob-
jeveni se oddélend, samostatné fluidni féze, jaké m4 tato

fluidnf faze slozen! a jaké disledky. Z kapitoly o ,,dozni-
vajicich stadiich vyvoje (granitickych magmat), o tloze
tékavych ldtek p¥i vzniku pegmatiti a rud™ (Pitcher, s.
299-315), je zfejmé, Ze je dfive tieba resit otazku zdroje
obsahu fluidnf fdze, tj. v prvn{ fadé vody,-v magmatu
samém.

Vliv fluidd, zejména vody, na vznik a vyvoj granitic-
kého magmatu (granitickych hornin) je nesporny. Vpredu
jsme ukdzali, jak experimenty ,,mokrého™ granitického
systému vyuzili magmatisté k objasnéni rekrystalizace
v zdvéru krystalizacniho vyvoje, coz pomohlo oslabit hy-
potézu granitizace a ovlivnit vyvoj granitového problé-
mu. Na$li se vSak i takovi badatelé — uvadi Pitcher
(s. 33) — napt. Piwinski, ktefi o vyznamu takovych expe-
rimentd pochybovali: ,....experimenty s nadbytkem vody
nemohou mit zidnou vazbu ke vzniku granitického mag-
matu v hluboké kiife. Uvedeny autor, stejné jako Pitcher
a v&tSina magmatistd klade tedy vznik graniti do hluboké
kiry. V tom pripadé je nutno pfipustit, Ze zdroj fluidi
a interakce taveniny s nimi mohou mit puvod ve zdrojo-
vém materidlu pred tavenim, v procesu taveni i po taven,
zv1asté pri vystupu magmatu (s. 302), a Ze tedy jejich
vyzkum bude spojen s mimorddnymi komplikacemi. Po-
znamendvame, Ze tyto nesnaze jsou patrné i z experimen-
ti. Ty naznacuji, Ze obsahu vody a fluidii je zapotfebf pro
usnadnéni taveni (jen ,,mokré™ materidly se mohou tavit),
7e obsah vody sniZuje viskozitu taveniny, ale urychluje
krystalizaci, a tim znesnadnuje intruzi (jen ,,suchd™ mag-
mata mohou intrudovat). To vede mnohé autory k zavéru,
ze granitickd magmata nemohla putovat daleko od zdroje
(Chacko a Creaser, 1995). Jestlize tedy fanerozoické gra-
nity nachdzime ve stfedni a svrchnf ke, musime hledat
cesty, jak vysvétlit jejich vyskyt v trovni, kde je pozoru-
jeme. Cetnf autofi fesi tento problém vysokym vyzdvi-
hem a/nebo hlubokou erozi, coz jsou podle naSeho ndzoru
predstavy geologicky neredlné.

Vliv vody na krystalizacni vyvoj horniny zdiraznuje
Pitcher na mnoha mistech své knihy. Je zfejmy na vy-
voji fady minerdlQ, napf. na krystalizaci amfibol{, epi-
dotu a dalSich. Nové experimenty s granitickymi systé-
my ukazuji, Ze i mald zména v obsahu vody muze ov-
livnit vyvoj taveniny smérem k alkalickému charakteru
(s. 43,74). Nejlépe je vliv vody a fluidu patrny na krys-
talizaci pegmatitd a s nimi asociovanych aplitt. Struk-
tury jsou tak variabilni a rizné vysvétlované, ze Pitcher
hovofi o ,,mnoha variacich na toto téma™ (s. 304).
ZvI43t slozité minerdlni parageneze se pak objevuji pri
alteraci téchto hornin; hovofi se o nepocitatelném mno-
zstvi sekunddrnich fazi. Projevuje se vliv fluidl na dis-
tribuci stopovych prvki v postmagmatickém procesu,
podle nékterych autort uz v taveningé. Kvantitativni stu-
dium tohoto jevu je v samych zacdtcich (s. 306). Jako
pozdné metasomatické stadium oznacuje Pitcher drastic-
ké zmény v granitickém télese, jako je vyluhovanf alkd-
lif (vznik greisenu) nebo desilikace granitu, vedouci ke
vzniku specifickych metasomatickych hornin, napf. al-
bititu, vzhledem pfipominajiciho syenit. A nejdramatic-
t€jSim kone¢nym vysledkem frakcionace je koncentrace
rudnich kovu (s. 307). Tato koncentrace je pricitdna
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,.varu magmatu‘, pfi némz se oddéluje voda jako nemisitel-
nd frakce. Takto Ize napf. podle Jahnse a Burnhama vy-
svétlit i tvorbu pegmatitli a aplitt a také divod, pro¢
napf. granitoidni horniny s hojnymi mafity (amfibolem,
biotitem) tuto fazi nemaji — uvedené mafity vodu spo-
trebovaly. ,,Zda k tomuto varu magmatu dochézi, to za-
visi na pocate¢nim obsahu vody v magmatu, a na stup-
ni, kolik vody je spotfebovano krystalizaci biotitu
a amfibolu; tyto faktory ovliviiuji, zda se granit vyviji,
¢i nikoli do pegmatitického a hydrotermdlniho stadia
(Pitcher, s. 303).

Jak rozdilné muaze byt FeSen problém koncentrace rud-
nich minerdlt z magmatu, je dobfe patrno na piikladé
Pitcherovy diskuse o Cu-porfyrovych loziskdach (s. 311).
Le Bel byl schopen na zakladé detailniho studia izotopu
stanovit, Zze Cu-mineralizace je vice spojena prostorove,
Casové i geneticky s porfyrickym monzonitem a brekcif,
které vypliiuji vulkanickou pfivodni drdhu; autor vy-
svétluje magma jako velmi pozdni fazi v dlouhodobém
vyvoji dlouhotrvajiciho plutonického systému. Pitcher
naopak upozorniuje, ze rudni koncentrace mohla byt pfi-
tomna jiz ve zdrojovém materidlu (podmorské vulkanity,
bazaltické Zily, gabra) jejichz pretavenim vznikalo mag-
ma okolnich tonaliti a granodioritl, a kovy ,,byly tedy
k dispozici, aby mohly vstoupit do kone¢ného stadia kon-
centrace”. At jsou slozitosti koncentrace kovi (Cu, Mo)
Jakékoli, musi byt jejich eventudlni zdroj v plasti,
z néhoz byly extrahovany béhem magmatismu ostrov-
nich obloukt.” Také my se pFiklanime k pldastovému
zdroji téchto prvku; jejich koncentraci vsak nespojujeme
s pretavenim zdrojového vulkanického a subvulkanic-
kého materidlu, ale s jeho metamorfni rekrystalizaci, po-
stihujici i okolni vulkanosedimentarni a sedimentarni
horniny.

Tyto otazky jsou vsak jiz pfedmétem vyzkumu samo-
statného, ekonomicky vyznamného odvétvi geologie, me-
talogeneze. Granitologie a metalogeneze se tu vSak navza-
jem ovliviiuji a bez uzké spoluprace obou tyto otazky
feSit nelze.

Podstatny pokrok ve vyzkumu granitoidt i hydroter-
malniho procesu znamenaji izotopy D a '30. UmoZziiuji
usuzovat na zdroje vody v hornindch: pldstovy, korovy,
meteoricky a mofsky (s. 300-302). Sedimenty a nékteré
granity maji vysoké 8'30, vétsina bazaltli a pldstovy ma-
teridl nizké. SmiSeny zdroj v granitech a jejich kontak-
tech se zda byt pravidlem. Je jen mélo granitd s nizkym
8'80; naprosta véina naznacuje korovy zdroj, a to i v pri-
padé, kdyz jiné izotopy (napf. Sr) naznacuji zdroj plasto-
vy. Izotopové hodnoty 8D a 8'30 jsou Casto v pifkrém
rozporu s ostatnimi izotopy radiogennich prvku, jsou
vSak i priklady dokonalé shody.

Z Pitcherovy knihy stejné jako ze soucasnych Huttono-
vych sympozii o vzniku granitu je zfejmé, Ze na Clarko-
vy otdzky tykajici se fluidi nedovedeme odpovédét a Ze
Clarke tento problém opravnéné zaradil do po¢tu anomalif
magmatického paradigmatu. Problém fluida patii podle
naSeho ndzoru spolu s hlavnim problémem emplacemen-
tu k tém, na kterych jsou nejlépe patrny nesnaze magma-
tickych modelt vzniku granitu.

Zavér

Za nejvyznamnéjsi pokrok v souc¢asném stavu granito-
vého problému pokladame vysledky geologie granitd, tj.
tvar(i a variability jednotlivych téles a tektonickych pod-
minek jejich vystupovani. Zjistuje se, Ze stale vetsi pocet
granitoidnich t&éles orogennich zon, zejména v asociaci
s mafickymi horninami, ma vyraznou vrstevnatou ¢i des-
kovitou stavbu. Stdle Castéji a zieteln€ji se ukazuje vztah
granitoidt k mohutnym stfiznym zéndm. Vazba orogen-
nich granitd na transpresni zony, jak jsme ji uvedli v roce
1989 (Palivcovd et al., 1989) je plné potvrzovdna fadou
vyznamnych granitolog.

Ke kazdému bodu soutasného magmatického paradig-
matu granitickych hornin v8ak lze najit anomdlii podstat-
ného vyznamu. Anomélie zformulované Clarkem (1996)
Ize jednozna¢né potvrdit prostudovdnim nového vydani
souCasné nejreprezentativngjsi knihy o granitech W. S.
Pitchera (1997).

Shodné s Clarkem lze tedy potvrdit: ,.Dokonce i tvari
v tvar bezprecedentnimu ttoku peclivého pozorovani, slo-
Zité ,,pojmologie” (tvorby pojmu), téméf naboZenského
dogmatismu a dokonce pfilezitostné nabubfelosti nenasly
tyto problémy plné pfijatelnd reSeni.”

Shriime tedy jesté jednou stru¢né vycet anomalii v po-
rovnani s mySlenkami v Pitcherové dile: Zdroj tepla
stejné jako fyzikdlni podminky taveni materidlu v hloub-
ce jsou hypotetické. Mechanismus pronikdnf magmatu
z rozhrani Kira/plast do svrchnich Urovni kury je proble-
maticky. Stupefl rovnovdzného stavu v krystaliza¢ni his-
torii granitového magmatu snad budeme umét urcit za
dvacet let. Spolehlivost geochemického modelovani €i
tektonomagmatickych diskriminantl je v nejlep$im pii-
padé diskutabilni. Nemdme jistotu ani o roli metasomato-
Zy ve vyvoji granitu, ani o vztahu mafickych a felzickych
granitickych hornin a dvahy odvozené ze struktur grani-
tickych hornin jsou dvojznaéné. Jsou rozdilné nazory na
Glohu migmatiti jako prikladu parcidlniho taveni pro
vznik granitll a velmi nejasny je vztah granitu a samo-
statné fluidni faze i jeji tvorba. Naskytd se tedy otdzka,
neni-li anomalifi tak velky pocet a v tak zdsadnich bodech,
Ze je nutné nové paradigma.

My ve shodé s Pitcherem a Fadou dalich autorti pokld-
ddme za zésadni otdzku sou¢asného magmatického grani-
tového paradigmatu problém vystupu a emplacementu
granitoid do svrchni kury, popiipadé dnesni trovné. Na
tomto nevyfeSeném problému (anomdlie v bodé¢ 3) jsou
rozpory nejlépe patrné. Shrnuli jsme pochybnosti, zda je
tento problém feSitelny v magmatickych modelech vzni-
ku granitoidd. Bez vyfeSeni této klicové otazky, dstfedn{
anomdlie, nelze magmatické paradigma poklddat za vyho-
vujici a prokdzané.

Zda se, ze je nutno prikroCit k vytvoreni nového para-
digmatu, které bude schopno odpovédét na sporné otazky
a posunout fesenf vzniku granitu ddle dopfedu. Nové para-
digma musi obsdhnout syntézu obrovského mnozstvi no-
vych faktickych dat, at uz geologickych, petrologickych,
mineralogickych, geochemickych, izotopovych, struk-
turné geologickych a v neposledni fadé i geofyzikalnich,
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které byly ziskany za nékolik poslednich desetileti. Tento
pfistup je zcela nutny, aby nebyly zanedbdny duleZité vy-
sledky z riznych odvétvi geologickych véd, které mohou
vymezovat ramec pro stanoveni zdkladnich premis
nového paradigmatu.

Za jeden z moznych modelu vzniku granitu povazujeme
hypotézu izochemické granitizace in situ v mélkych trov-
nich kury, jak byla stanovena pro stfedocesky pluton na
zdklad¢ dosavadnich geologickych, geofyzikalnich, geo-
chemickych a petrografickych dat Palivcovou et al.
(1989) a rozvinuta v dalSich pracich (VlasSimsky et al.,
1992; Ledvinkova et al., 1999). Tato hypotéza ma pocho-
pitelné velké mnozstvi odplircl, protoze dosavadni mag-
matickd teorie vzniku granitu je celosvétové rozsifena,
zazita a bohuzel, ¢asto az nekriticky pfijimdna.

Nepodcenujeme ClarkGv ndmét — vzhledem k soucas-
nym finan¢nim a ekonomickym problémam — na zmé-
nu budoucf orientace granitologie, tj. ,,od ziskdvani na-
kladnych terénnich i laboratornich ddaji k obdobi rela-
tivné nendkladného, abstraktniho, syntetického, nume-
rického, teoretického, cilené zamétfeného, integracniho,
koopera¢niho, koordinovaného, premyslivého vyzku-
mu®. Nicméné se domnivdme, Ze pokrok v reSeni grani-
tového problému mizZe byt vysledkem predevsim terén-
nfho vyzkumu. Ddle jej vidime v orientaci na seridzn{
srovnavani a testovani obou kontroverznich pifstupt,
magmatického i transformistického (v novém pojeti),
na dostatecné geologicky, latkové i geofyzikdlné pro-
studovanych prikladech.

Model granitizace byl na Clarkové ,,stromu Zivota™
(Clarke, 1992) odsouzen k zaniku. Poznamenavame, ze
Slo o model metasomatické granitizace. To vSak nezna-
mend, ze bychom se nad transformistickym modelem
neméli zamyslet. Je tfeba odstranit jeho nejvétsi nedosta-
tek, rozsdhlou metasomatézu, a to nova hypotéza izoche-
mické granitizace in situ dusledné déla. Clarke (1992)
i Hutton (1996) pripoustéji, Ze teorie granitizace je jedi-
na, kterd je schopna vyfesit problém emplacementu
a prostoru, tedy zékladnf otazku granitového problému.

Podékovdni. Protesorim W. S. Pitcherovi a D. B. Clarkovi
srde¢né dékujeme za laskavé zasldni fotografii.
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Pozndmka oponenta.

Transformistické ndahlady dnes prijima mdlokto, a pre-
to len fazko sa dd siihlasit' s touto konStatdciou autoriek
nas. 12: ,,/dd se, Ze je nutno prikrocit k vytvoreni no-
vého paradigmatu, které bude schopno odpovédér na
sporné otdzky a posunout FeSeni vzniku granitu dopie-
du.” Hlavnd diskusia v siicasnosti neprebieha o vzniku

granitovej magmy, ale o sposobe jej umiestnenia, a je te-
da o tom, & magma vystupuje ako diapir alebo v podobe
dajok, no najskor sa , nafiiknu* (balooning). Pritom
kritickym problémom je, &i granitoidné intrizie zacho-
vavaji informdciu o vystupe, alebo iba o umiestneni,

1. Perrik
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Kozmické, geologické a geochemické anomalie vzacnych zemin
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Cosmic, geological and geochemical anomalies of rare earths

It is a wont to ascribe the anomalies of the rare earths elements in geological and geochemical pro-
cesses to differences of the valency of certain elements (especially Eu and Ce). However. in this group
of elements there are many different attributes: in atomic radius, in density of metals a their compounds,
in different values of electronegativity, in distinct values of ionic radius mainly with the connection to
coordination bonds in compounds and minerals, in different type of complex compounds, in different
solubility of compounds and minerals, in hydrolytic properties etc. All this differences can have a place
in cosmic, geological and geochemical processes and their knowledge can help as to explain a seeming

disagreements.

Key words: rare earths elements, properties, anomalies, meteorites, geology, geochemistry

Uvod

Od prvej stbornejSej prace o rozsiren{ prvkov vzacnych
zemin v zemskej koére uplynuli uz temer tri Stvrte storo-
Cia. Intenzivne Stadium vzdcnych zemin sa zacalo v 60.
rokoch 20. stor. a od 70. rokov 20. stor. mozZno registro-
vat priam expldéziu poznatkov o ich vyskyte v rozli¢nych
objektoch, a to nielen pozemskych, ale aj kozmickych.
Geoldgovia od novych poznatkov o rozsireni prvkov
vzdcnych zemin (REE) ofakdvali podklady na rieSenie nie-
ktorych genetickych problémov. Rozdielny obsah REE
v hornindch, predovsetkym v magmatickych, v reldcii k ich
priemernému obsahu v chondritickych meteoritoch, pova-
zovanych za isté etalony ich vyskytu, mal byt odrazom
diferencianych procesov magmatického, metamorfného,
ale aj in¢ho $tadia.

Velké nadeje sa spociatku vkladali do poznatkov o Eu,
pri ktorom sa zistili odli§nosti oproti etalénom tak
v smere vy$Sieho, ako aj nizsicho obsahu, ktoré sa sdiborne
oznacovali ako pozitivne alebo negativne eurdpiové ano-
mdlie. Podstata tychto odli$nosti sa pdvodne vysvetlovala
existenciou dvoch oxida¢nych (valen¢nych) stupfiov Eu,
ktor€é mali v prislu§nych geologickych procesoch viest
niekedy k rastu, niekedy k poklesu porovndvaného obsahu
Eu. Podobny efekt sa v8ak zistil aj pri inych prvkoch zo
skupiny REE. Tieto anomadlie nie si dodnes dostatocne
objasnené.

V naSej literatire sa problematikou REE sibornejSie
zaoberal Jake$ (1984), ale odvtedy sa objavili nové
poznatky, ktoré problematiku stavaji do iného svetla.

Stru¢na charakteristika prvkov vzacnych zemin

Literattra o vzacnych zemindch je velmi rozsiahla a zahfiia
chemické, fyzikdlne, technologické, kozmochemické,
geochemické, geologické, biochemické a iné udaje.
Hned na zadiatku treba upozornit na to, Ze zaradovanie
prvkov do skupiny vzacnych zemin nie je jednotné. Podla
niektorych autorov medzi ne patri len 15 prvkov s atémo-
vym ¢islom 57-71, tzv. lantanoidy (skrdtene Ln), Gold-
schmidt (1925) k nim priradil aj Y. Medzindrodnd dnia
iste] a aplikovanej chémie (IUPAC) na zdklade chemic-
kej pribuznosti odporucila za¢lenit medzi ne dalsi prvok
IIIA skupiny periodickej sustavy, a to Sc, a tak by skupinu
vzacnych zemin malo tvorit 17 prvkov. Pm sa doteraz
v pozemskych materidloch nepodarilo zistit, aj ked je
pravdepodobné, ze mdZze byt produktom Stiepenia U, najmd
2330, Dalej si vé§imame hlavne lantanoidové, ale v prislus-
nych stvislostiach aj iné ¢leny REE.

Podla atémovej hmotnosti sa REE — presnejSie: iba
spominané lantanoidy — rozdeluji na lahké (LREE), za-
hrfiajice ¢leny od La po Eu, a tazké (HREE), medzi ktoré
patria Ln od Gd po Lu. Niekedy sa vyc¢leiuje aj skupina
strednych REE (MREE), a to v rozmedzi Pm — Ho.

Isty vyznam mala svojho ¢asu chemickd klasifikacia
zalozend na rozdieloch v rozpustnosti niektorych zlice-
nin. Podla nej sa rozliSovali ceritové a ytriové vzacne ze-
miny. Do ceritovej sa zaradoval Ce, Pr, Nda Sma v yt-
riove] sa vydelovala eSte terbiova (Eu, Gd a Tb), erbiova
(Dy, Ho, Er a Tm) a yterbiova (Yb a Lu) skupina. Samo-
statnd skupinu tvorilo Sc, Y a La.
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Podobné chemické a z toho vychodiace aj geochemické
vlastnosti REE sa odvodzujui z podobnosti atémovej stav-
by, najmi elektronového obalu prvkov tejto skupiny
(tab. 1). Z tab. 1 vyplyva podobnost najmi v obsadzova-
ni elektrénov vonkajsich ¢ a s orbitdlov 4. az 6., resp. 3.
az 5. vrstvy. KedZe su tieto elektrony nositelmi che-

Tab. |
Elektrénovd konfigurdcia atémov REE (GaZo et al., 1974)
Electron configuration of the rare earth elements

Elektrénové vrstvy a orbitaly

At.  Znacka 3 4 5 6

21 Sc [Ar] | 2

39 Y |Kr| 1 2

57 La | Xe] 1 2
58 Ce 2 | Xe} 2
59 Pr 3 | Xel 2
60 Nd 4 | Xel 2
61 Pm 5 [Xe] 2
62 Sm 6 | Xe] 2
63 Eu 7 [Xe] 2
64 Gd 7 1 Xe| 1 2
65 Tb 9 |Xe] 2
66 Dy 10 | Xe] 2
67 Ho Il [Xe] 2
68 Er 12 [ Xe] 2
69 Tm 13 | Xel 2
70 Yb 14 [Xe] 2
71 Lu 14 [Xe] | 2

mickych vlastnosti, mali by sa prvky chemicky spravat
rovnako. Ale pocinajic prvkom &islo 58 (Ce) a konciac
Cislom 71 (Lu) do Struktiry Ln vstupuji elektrony f or-
bitalu Stvrtej vrstvy. Tieto elektrony sa s€asti zicastiiuji
aj na chemickych reakcidch. Napriklad Ce mdZe vystupo-
val aj v oxidatnom stupni +4 stratou dvoch elektrénov
z orbitdlu f. Stratou jedného f elektrénu vznikd Ce3*
a podobne sa sprdvaju aj ostatné Ln, pokial nemajd
Jjeden elektron v 5d orbitdli.

Je pravdepodobné, ze spomenuté rozdiely maji nukleo-
geneticky (t. j. primdrne energeticky) povod, ale je tiez
pravdepodobné, Ze maji aj chemicky a geochemicky

Tab. 2
Prehlad délezitejsich oxidadnych stupiiov vzdcnych zemin
Survey of the more important valency of the rare earth elements

Prvok  Mocenstvo Prvok  Mocenstvo  Prvok  Mocenstvo
Sc 3+ Pm 3+ Ho 3+
Y 3+ Sm 3+, 2+ Er 3+
La 3+ Eu 3+. 2+ Tm 3+
Ce 4+, 3+ Gd 3+ Yb 3+, 2+
Pr 3+, 24, 4+ Tb 3+. 4+ Lu 3+
Nd 3+, 2+ Dy 3+

vyznam. Podla doterajSich poznatkov sa f elektronom
pripisuje osobitny vyznam. Postupny rast elektrénov f
orbitalu Stvrtej vrstvy sa nezacina La, ale Ce a preruSuje
sa po Eua Y, a to st prave prvky, ktoré sa svojim oxi-
da¢nym stupriom odliSuji od ostatnych Ln. Ce mdze vy-
stupovat ako Ce**, Eu a Yb ako Eu* a Yb* popri ich
vyznamnom vystupovani ako Ce3*, Eu** a Yb3* (tab. 2).
Uvedené anomadlie v elektrénovej stavbe sa objavuju aj
v anomdliach spojenych s vyskytom tychto prvkov v roz-
li¢nych geologickych objektoch, ale prejavuju sa aj v nie-
ktorych fyzikdlnych vlastnostiach REE.

V hodnotdch atémového polomeru sd dve vyznamnos-
ti. Je to predovietkym tzv. lantanoidovd kontrakcia, ked’
so stipajdcou atémovou hmotnostou od La k Lu — s vy-
nimkou Eu a Yb — atémovy polomer pravidelne klesd
(tab. 3). Druhou st spomenuté anomalne hodnoty atémo-
vého polomeru Eu a Yb, ktoré s podstatne vysSie ako
pri ostatnych Ln. Velmi zaujimavé je, Ze id6nové polome-
ry trojmocnych idénov tychto prvkov uz zapadajt do lanta-
noidovej zostupnosti. Vyssie atdmové polomery sa zako-
nite prejavuji nizSou hustotou obidvoch prvkov. DalSou
abnormalitou pri Eu a Yb je podstatne niz8i bod ich
topenia a varu, ako vyzaduje lantanoidovy trend.

Iénové polomery uvedené v tab. 3 sa tykajui vdzby
s koordina¢nym &islom 6. KedZe REE m6Zu vstupovat
do vézieb aj s vy$§imi koordinaénymi ¢islami, menia sa
tym aj prislusné iénové polomery, napr. pri Eu** pri ko-
ordina¢nom Cisle 7 je to 101, pri 8 106,6 a pri 9 112 pm.
Podobne je to i pri ostatnych REE.

[ény niz8ieho mocenstva REE (napr. Eu?*, Yb*") maji
podstatne vacsi ionovy polomer. Pre Eu?* v zdvislosti od
koordinacnych ¢isel je to
pri 6 117, pri 7 120, pri 8 125, pri 9 130 a pri 10 135 pm.

Na ilustraciu uvadzame, Ze pri Ce** je pri koordindcii
6 polomer 87 a pri 12 uz 114 pm. Pri Gvahach o izo-
morfnom zastupovani, resp. pri vstupovani REE do
Struktdry minerdlov to treba ma(l na pamati, a to tak pri
prvkoch tejto skupiny navzdajom, ako aj pri inych prv-
koch. S ohladom na iénovy polomer a koordina¢né vazby
je napriklad pri nizkej teplote mald pravdepodobnost vstu-
pu Eu** do zld¢enin, resp. minerdlov s Nd**, La**, Ce**
a HREE®*, ale naopak sd pozitivne vizby na Sm**, Gd**,
dalej Y3* a po ndbojovej kompenzdcii na Th*, U* Eu*
méd v tomto smere neobylajne blizko s Sr?*, o nieco
menej s Ca%*, Pb?*,

Vsetky REE mo6zu vo svojich prirodnych zliceninach
vystupoval ako trojmocné (tab. 2), ale toto mocenstvo
nemusi byt hlavné resp. stabilné. Ce v prirodnych pod-
mienkach vystupuje CastejSie ako Ce*, Eu ako Eu®* a do
znalnej miery to plati aj o Yb*". Prechod z trojmocného
do dvojmocného stavu sa laboratdrne zaregistroval aj pri
inych REE, ale detaily o tychto reakcidch v prirodnych
podmienkach nie su dostato¢ne presktiimané.

Na oxida¢noredukéné charakteristiky REE, ktorych Cast
uvddzame v tab. 4, poukazuju hodnoty Standardnych elek-
trédovych potencidlov, a najma potencidlov niektorych
elektrochemickych reakcii. Na porovnanie sa uvadzaji aj
hodnoty niektorych prvkov nepatriacich medzi REE.
Za pozornost stoji, Ze elektrodové potencidly v oxidac-
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Tab. 3
Niektoré fyzikdlne vlastnosti vzdcnych zemin (GaZo et al., 1974; Jakubke a Jeschkeit, 1994)
Some physical properties of the rare earth elements

Prvok Atémova Atdmovy r [6novy r Hustota Bod topenia Bod varu
hmotnost pm pm g/em? °C °C
Sc 45,1 165 81 2.985 1539 2832
Y 88.92 178 92 5.51 1552 3337
La 138,91 188 114 6,15 920 3469
Ce 140,12 182,5 103,4 6,733 798 3257
Pr 14091 182 101.3 6.475 935 3017
Nd 144,24 181.4 99,5 7.003 1016 3127
Pm 145 181 98,1 722 1168 1168
Sm 15036 180,2 96,4 7.536 1072 1900
Eu 151,96 199.5 95 5.245 826 1439
Gd 157.25 178,7 93,8 7,886 1312 3000
Tb 158,92 1763 923 8,253 1356 2480
Dy 162,5 1752 90,8 8,559 1407 2335
Ho 164,93 1743 894 8,78 1470 2720
Er 164,26 1734 88.1 9.048 1522 2510
Tm 168,93 172.4 86.9 9318 1545 1725
Yb 173,04 194 85,8 6,972 816 1193
Lu 174,97 171.8 84,8 9,843 1675 3315

nom stupni 3+ majd v lantanidovom rade jednoznacne
zostupnu tendenciu.

Pouzitelnost hodndt tab. 4 v geochemickych procesoch
je dost obmedzend, pretoZe ddaje sa vztahujui na vodné
roztoky a teplotu 25 °C, a preto sa mdzu uplatnit predo-
vSetkym v sedimentdrnych procesoch. Pokial ide o mag-
malické a metamorfné procesy, potrebné st hodnoty plat-

Tab. 4
Standardné elektrédové potencialy a potencidly elektrochemickych
reakcii niektorych prvkov (Han¢, 1951, Hermann in Wedepohl, 1969;
Jakubke a Jeschkeit, 1994; Cotton a Wilkinson, 1973)
Standard electron potentials and potentials of electrochemical
reactions of some elements

Elektrad. Fo V Chemicka reakcia \%
ststava
Na/Na+ -2,712
La/La3+ -2.552
Ce/Ced+ -2,483 Ce3+=Ced+ + e 1,61
Pr/Pr4+ -2.462 Pr3+ = Prd+ + e 1,6
Nd/Nd3+ -2,431
Pm/Pm3+ -2.433
Eu/Eu3+ -2,407 Eu2+ = Eu3+ +e 043
Gd/Gd3+ -2,397
Tb/Tb3+ -2,391 Tb3+ = Tbhd+ + e 1,23
Y/Y3+ -2,337
Dy/Dy3+ -2.353
Ho/Ho3+ -2.319
Er/Er3+ -2,296
Tm/Tm3+ -2.278
Yb/Yb3+ -2,267 Yb2+=Yb3+ +e 1,15
Lu/Lu3+ 2,255
Sc/Sc3+ -2.077
S2-/So -0,51 S2-=So+2e 0,18
Fe/Fe2+ -0,44 Fe2+ =Fe3+ +e 0,77
Fe/Fe3+ -0,04
H/H+ 0
Cu/Cu2+ 0,34 Cut+=Cu2++e 0,17
Aw/Au3d+ 1,42

né pri taveninach. Z tab. 4 sa dd vy¢itat vela, najmé ana-
l6giou so systémami inych prvkov. V sthlase s Drakom
a Weillom (1975) predpokladdame, Ze aj v tavenindch
a v ich nasledujicom stuhnuti sa mdze pomer Eu?*/Eu’*
pouzit na dokaz redoxnych podmienok.

Negativne hodnoty Standardnych elektrodovych poten-
cidlov ukazuju, ze vetky REE st neuslachtilé kovy, kto-
ré v elementdrnom stave mdzu 7z vody dos( energicky
uvoltioval H. Dalej to dokazuje, 7e v systémoch terestric-
kych planét — podobne ako alkalické kovy a alkalické
zeminy — nemdzu REE vystupovat v elementdrnej forme.

Vo vodnom prostredi (podla tab. 4) je Ce** silnym oxi-
dovadlom, silnej§im ako napriklad Au*. Plati to aj o dal-
Sich Stvormocnych idnoch Prét a Tb*, pokial by sa vy-
skytli v prirodnych podmienkach. Pozoruhodny je dost
vysoky potencidl sustavy Yb>/Yb*, o signalizuje, Ze
Yb** mdze oxidovat aj Eu?*, Na druhej strane Eu** mdze
byt oxidaénym ¢&inidlom vo¢i sulfidom, zldi¢enindm
jednomocnej Cu a pod.

Pozoruhodné vlastnosti Ce (ale aj Pr) vyplyvajd z jeho
elektronovej stavby. Stratou Styroch elektrénov sa Ce —
obrazne povedané — vyraduje zo skupiny REE a vlastnos-
fami sa podobd Stvormocnym iénom — Tr, Hf a Zr, ¢o
zrejme vysvetluje ich Casté spolo¢né vystupovanie v rdz-
nych minerdloch. Pre dplnost treba uviest, Ze aj Eu, Yb
a Sm sa vo forme dvojmocnych iénov odliSuji od vacSiny Ln
a blizia sa k alkalickym zemindm, najma Ca?*, Sr?* a Ba",

Pre geochemické procesy je vyznamny poznatok, ze
kazdd zmena mocenstva REE oproti mocenstvu +3, t. .
zvy8enie (Ce, Pra Tb) alebo zniZenie (Sm, Eu a Yb), vy-
tvdra moznost priameho a lahkého oddelenia od ostatnych
prvkov skupiny.

Hodnoty elektronegativity vSetkych REE sui velmi nizke,
a to 1,1-1,2, pricom nizsie hodnoty md Eu, Yb, ale aj La
a Pm, a preto sa hydroxidy spomenutych prvkov pokla-
daju za relativne silné zdsady (tab. 4). Vynimkou je Sc,
ktoré sa blizi amfotérnemu AI(OH);. Hydroxidy Ln sa
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v prebytku alkalickych hydroxidov nerozpistaji a v sku-
pine Ln ich zdsaditost s iénovym polomerom klesd. Naj-
silnejSie su zdsady ceritovych prvkov, najslabSie ytrio-
vych a stred patri terbiovym zemindm. Z toho mozno od-
vodit, ze sa v tejto tendencii relativna stabilita REE proti
hydrolytickym Géinkom vody meni. Tieto vlastnosti REE
sa mozu uplatiiovat hlavne v sedimentdrnych procesoch,
osobitne pri zvetradvani REE mineralov.

VSetky prvky vzacnych zemin tvoria vo vode rozpustné
chloridy, dusi¢nany a sirany. Vynimkou s sirany dvoj-
mocného Eu, Sm a Y. Medzi nerozpustné patria fluoridy,
oxidy, uhliCitany, fosfore¢nany, oxaldty atd., potom hydri-
dy a karbidy (pri tivahdch o ticasti REE v kozmickych pro-
cesoch). Naposledy uvedené zlticeniny sa pdsobenim kyse-
Iin rozkladaju a uvolfiujd pritom acetylén, etdn a iné uhlo-
vodiky. Pre zeminy ceritove] a scasti aj terbiovej skupiny
Jje charakteristicka tvorba rozpustnych podvojnych siranov
s alkalickymi kovmi typu 3 R,SO,.R",(SO,);, kde R =
Na, K, R¥ st prislusné kationy REE**. Tieto vlastnosli sa
vyuzivaju pri technickom deleni REE.

Osobitnt pozndmku si zasluhuje rozpustnost karbond-
tov. StarSie chemické ddaje o systémoch R** — CO;% —
voda uvddzajui nerozpustnos{ uhli¢itanov. Novsie Lee
a Byrne (1993) potvrdili komplexéciu Ce, Eu, Gd, Tba Yb
karbondtovymi iénmi, ale zistili, Ze z patice tychto prv-
kov md Gd najniz8iu konstantu stability, ¢o moze vyvo-
lavat jeho anomdlie. Wendland a Harrison (1979) sa
zmieruju o extrémnej mobilite REE roztokmi bohatymi
na CO,. Uvadzaju, ze $pecidlne HREE vstupuji do siliké-
tovo-karbonatovej taveniny a navyse, ze sa CO, — vodné
fluidum obohacuje o REE.

Pri migra¢nych procesoch je velmi ddlezitd tvorba
komplexnych zlic¢enin. Wood et al. (2000) zistili prudky
rast stability acetatovych a chloridovych komplexov Nd3*
s teplotou. Tieto komplexy su vSak pri nizkej teplote
podstatne slabsie ako komplexy Nd** s oxaldtmi, fosfat-
mi a karbondtmi. Organické oxaldtové komplexy su vel-
mi silné a prekracuju stabilitu anorganickych komplexov.

Pre sedimentdrnu geochémiu maji osobitny vyznam
komplexy REE s huminovymi kyselinami a fulvokyselina-
mi. Vznik rozpustnych komplexov Eu** s tymito ldtkami
potvrdil Tipping (1993), Dierckx et al. (1994) a Shin et al.
(1996). Nagao et al. (1998) skimali migraciu Eu** v piesod-
nej pdde prostrednictvom huminovych kyselin a fulvokyse-
Iin a zistili, Ze optimdlna mobilita je pri pH 3,5, ¢o by mali
byt optimélne podmienky na extrahovanie Eu z pody.

Pre pddne a iné procesy sedimentarnej geochémie si
dolezit€ poznatky o sorpcii REE na ilové minerdly, oxi-
dy, hydroxidy, karbondty, fosfaty, organické koloidy atd.
(Addeleye et al., 1994; Babung et al., 1998; Wang et al.,
1998). Ohnuki et al. (1996) sorpciu Eu na apatitoch vy-
svetluji metasomatickou ndhradou za Ca. Steffers et al.
(1993) zistili na podmorskej hydrotermélnej Fe kore malé
negativne anomadlie Ce, ale vyrazne pozitivne anomdlie
Eu. Slabud adsorpciu Eu popri Cs a Sr opisuje Adelye et
al. (1994) na kaolinite a montmorillonite. Podla Ledina et
al. (1994) su pre adsorpciu Eu na koloiddlnych oxidohyd-

roxidoch Fe najvhodnejSie podmienky pri pH 5,5-6, ked’

nastdva kvantitativna sorpcia, kym pri pH 4,5-5,5 je to

len okolo 50 %. Pre kremerti su optimalne podmienky
sorpcie Eu pri pH 9 (= 90 %), pri pH 7 iba okolo 50 %.
Catelette et al. (1998) uvddzaju pozoruhodny fakt, ze
magnetit md vysokd schopnost sorboval popri Cs*
aBa> i Eu’*.

Zaujimavé je, Ze pritomnost huminovych Kyselin brani
sorpcii Eu na goethit a boehmit (Fairhust a Warwick,
1998), oxaldty sorpcii Eu na hematit (Babung et al.,
1998). Samadfan et al. (1998) zistili, Ze sorpcia Eu na kao-
linite v pritomnosti huminovych kyselin je viac ako Sest-
nasobne vy&Sia ako v prostredi bez huminovych kyselin,

Namety aplikovatelné na geochemické procesy posky-
tujd aj technické postupy delenia REE. Je pozoruhodné,
7e napriek chemickej pribuznosti boli vypracovan€ nie-
ktoré jednoduché deliace metédy. Spomenieme iba postu-
py, ktoré mozZu mat istd analégiu v prirode. Na prepard-
ciu REE sa odddvna pouZiva mnohondsobnd frakcionova-
na krystalizacia podvojnych soli s alkalickymi kovmi.
Velmi efektivna je redukcia zli¢enin REE elektrolyticky
alebo zinkovym amalgdmom. Na redukciu sa pouZiva a]
vodikova atmosféra (pri 700-1000 °C) alebo oxid uhol-
naty, ktory Eu* redukuje uz pri teplote 534-590 °C (Re-
my, 1968). Pritom sa zredukuje len Eu, Yb a Sm a tie
sa potom vyzraZaji ako nerozpustné sirany, prip. eSte
v pritomnosti nosi¢a BaSO, alebo SrSO,. VyuZivaji sa
i oxidacné procesy. Zmes oxidov REE sa tavi s KNO; +
NaNO;, pri 300-350 °C Ce** zoxiduje na CeO,, ktory
zostane nerozpusteny po vylthovani taveniny vodou.
Ked tavenie prebicha pri 400 °C, zoxiduje aj Pr. Z rozto-
ku mozno po luhovani roztokom Na,CO; vyzrdZat
uhlic¢itany La.

KedZe sa v sticasnosti v geochronoldgii intenzivne vy-
uzivaju izotopy REE, uvddzame aspon niekolko délezi-
tejSich informécii. Zastdpenie stabilnych aj rddioaktiv-
nych izotopov REE v prirode je zakonité (s niekolkymi
vynimkami). PoCet ich prirodzenych izotopov sleduje vy-
skyt prvkov. Prvky s neparnymi atémovymi Cislami
maji vyrazne menej izotopov, naj¢astejSie jeden, maxi-
médlne dva (La, Eu, Lu), prvky s pdrnymi atomovymi ¢is-
lami zvd¢Sa sedem izotopov. Vynimku tvori Ce (ma 4
izotopy), Nd (8) a Er (6). Po jednom rddioaktivnom izo-
tope zo vSetkych REE ma len La, Ce, Nd, Sm a Gd. Izo-
top '*8La sa elektronovym zdchytom meni scasti na
138Ba, scasti na '*¥%Ce. Rddioaktivne izotopy ostatnych
uvedenych prvkov sa menia o rozpadom na stabilné izo-
topy: '*2Ce na '*®*Ba, "*Nd na '*°Ce, '¥7Sm na '**Nd
a '’Gd na '"8Sm. Pol&asy o rozpadu st velmi dlhé, a 1o
1,1.10" (Sm) az 5,0.10'3 (Nd) rokov.

Pm ma vSetkych 16 umelo pripravenych izotopov
radioaktivnych s velmi kratkym pol¢asom rozpadu (se-
kundy az roky). Ako sme uz uviedli, v pozemskych pod-
mienkach sa Pm doteraz nezistilo, ale je pravdepodobné,
Ze niektoré jeho izotopy mdzu byt produktmi Stiepenia
U, najmi izotopu U,

Vzicne zeminy v kozmochémii, geolégii a geochémii

V tlvode sme naznacili, ¢o sa od poznatkov o REE po-
vodne oCakdvalo. Z prehladu fyzikdlnych, chemickych
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Tab. 5
Obsah REE (ppm) v uhlikatych chondritoch a hodnoty chondritickej normalizacie (CN) (Haskin et al., 1968; Wakita et al.. 1971;
Masuda et al., 1973; Nakamura, 1974; Evenson et al., 1978; Boyton. 1984)
Contents of REE (ppm) in carbonaceous chondrites with the values of chondrite normalization (CN)

Prvok Obsah Prvok Obsah

min. max. CN min. max. CN
La 0,24 0,38 031 Tb 0,04 0,05 0,047
Ce 0.64 0,98 0.808 Dy 0,215 039 0,322
Pr 0,1 0,12 0,122 Ho 0,06 0,08 0,072
Nd 048 0,72 0,6 Er 0,17 0,25 0,21
Sm 0,15 023 0.195 Tm 0.026 0.032 0.032
Eu 0.06 0,09 0,073 Yb 0,16 0,25 0,0209
Gd 0.2 0,31 0,259 Lu 0,02 0.04 0,032

a kryStalochemickych vlastnosti REE rezultuje, Ze udaje
z prirodnych vyskytov neddvaji vidy jednoznacné pod-
klady na prislusné rozhodnutia. Okrem suvislosti, ktoré
sa uz spomenuli, sa ako fakt ukazuje, ze objektivne vy-
uzivanie REE pri porovndvacom Stidiu vyrazne obme-
dzuje inhomogenita referencnych materidlov (uhlikaté
chondrity a pod.).

Podla teoretickych predstdv o vzniku sinecnej sistavy
by mal obsah REE v Zemi ako celku zodpovedat priemer-
nému zastipeniu REE v meteoritoch, najmé v uhlikatych
chondritoch, ktoré sa pokladaji za protomaterial Zeme.
Udaje o obsahu REE v tychto materidloch sa stali podkla-
dom na vypocet normativov, podla ktorych sa obsah
REE v tychto objektoch prepocitava.

Poznatky z novodobych Stidii chemického zloZenia
meteoritov, predovSetkym o zastipeni REE, nepotvrdzuji
homogenitu zloZenia chondritickych meteoritov presved-
¢ivo, ako to povodne predpokladali 1. a W. Noddack
(1930) a neskor aj inf autori. Tab. 5 zhffia ddaje z prace
Hendersona (1984), citujice obsah REE v chondritoch
z analyz piatich autorov a z 33 analyzovanych vzoriek,
a uvddza aj odpordcané hodnoty chondriticky normalizo-
vaného obsahu prislusnych REE (Boynton, 1984).

Z hodnotenia vSetkych analyz zachytenych v tab. 5 vy-
plyvaju rozdiely v obsahu prvkov — v rozmedzi minim
a maxim — 50 %, ba i viac, ¢o dost vyrazne potvrdzuje he-
terogenitu skidmanych materidlov. Na heterogenitu meteori-
tov, a to nielen uhlikatych, poukazuju aj iné fakty. Tak
napr. v jemnozrnnych agregédtoch uhlikatého meteoritu Al-
lende sa zistili silné zdporné anomalie Eu, Er a Lu, kym
v zrnitych chondruldch z anomalii zostali len velmi slabé,
ale zato pozitivne anomdlie Eu (Clarke et al., 1971, in
Boynton, 1984). V meteorite Richardton sa zistil pokles
obsahu REE v smere od La ku Gd, ale obsah dal§ich REE
prudko vzrastol (Evensen et al., 1979, in Boynton, 1984).

V uhlikatom meteorite Vigarano sa analyzovali $tyri
nealterované inkluzie (Loss et al., 1994). V troch sa zisti-
lo rovnaké zastipenie (o. i. Mg, Ca, Sr, Ba, Nd, Sm) ako
v meteorite Allende a vo Stvrtej inkldzii podstatne nizsi
obsah izotopov Ca, Ti, Sr, Ba i Sm. Na tomto zédklade
autori usuadili, Ze materidl meteoritu pochddza z rozli¢-
nych rezervodrov pdvodného (proto)sinecného systému.

Pozoruhodny je obsah REE v achondritoch. Uz

Schmitt et al. (1963, cit. in Wedepohl, 1969) upozornili
na to, ze achondrity chudobné na Ca maji vyznamné ne-
gativne anomadlie Eu, ale achondrity bohaté na Ca nie.
Zaujimavé je aj to, 7e achondrity maja Sest az desat rdz
vyS$si obsah REE ako chondrity.

Na heterogenitu obsahu REE v ureilitoch (zo skupiny
achondritov chudobnych na Ca) upozornilo viac autorov.
Napriklad Goodrich a Lungmair (1995) zhrnuli vysledky
Studia deviatich vzoriek ureilitov a konstatovali, Ze proto-
materidly (olivin, pyroxény) podla obsahu '“7Sm/'*Nd
a '"“Nd maju vek 4,23 miliard rokov, kym v intersticidch
je vek podstatne mladsi (3,74 miliard rokov), ale na
LREE bohat$i materidl. Ndzory na pri¢iny tychto odlis-
nosti nie si jednotné.

Ciefom tohto nasho 3irSieho rozboru je upozornit na
problematiku referenénych materidlov pouZivanych pri
Gidajoch o obsahu REE v rozli¢nych objektoch. Odportica-
ny chondriticky normalizovany obsah REE (tab. 5) je si-
ce mezi minimalnym a maximalnym obsahom v uhlika-
tych chondritoch, ale jednotlivé konkrétne hodnoty mozu
viest k nezrovnalostiam. Z tohto pohladu sa zd4, Ze nor-
malizéacia obsahov REE na priemerné hodnoty severoame-
rickych bridlic (NASC -~ North American Shale Compo-
site) moze poskytovat lepsie vysledky.

Sama koncepcia chondritickych normativov nemusi byt
pri hodnoteni obsahu REE chybnd, lebo podobnych ve-
deckych konvencii je viac. Ovela ddlezitejSie vSak je, Ze
chondrity nemaju rovnaké zloZenie. Z toho vyplyva, Ze
stavebny protomateridl Zeme musel byt rdznorody, a preto
je velmi aktudlna otdzka, do akej miery mozno objektiv-
ne porovndvat tak typy hornin z rozli¢nych geologickych
oblasti, ako aj diferenciatné procesy vedice k ich vzniku.
V Sirsej sdvislosti sa bude treba zamerat aj na priciny roz-
dielov v obsahu REE v chondritoch a achondritoch, ako
aj na podstatu procesov zodpovednych za naznalené
disproporcie.

Anomdlie a mnohé doteraz nevysvetlené stvislosti ob-
sahu a pohybu REE sa tykaju rozli¢nych geologickych
procesov a pohybov jednotlivych REE. Napriklad z ana-
Iyz lavy Siestich havajskych Stitovych vulkdnov vyplyva
(Frey et al., 1994), Ze sa odliSuje nielen obsahom makro-
zloziek (napr. obsah MgO koliSe od 5 do 22 %, Al,O4
9-16 % atd’), ale aj minoritnych zloziek a stopovych
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prvkov vrdtane REE (K,0 0,5-0,8 %, L.a 16~19 ppm, Sc
20-32 ppm). Lava odlisného veku (1-3 miliénov rokov)
sa v negativnej koreldcii inkompatibilnych prvkov (La,

hom MgO. Ale zistila sa i pozitivna koreldcia. Niektoré
druhy lavy mali pozitivnu koreldciu REE od La po Nd,
ale od Eu po Lu uz negativnu. Tieto protireCivé zistenia
viedli autorov k zdveru, Zze sa azda kazdy $tit formoval
z materidlu odlisného zdroja. Treba zdo6raznit, Ze spome-
nuté havajské vulkdny st rozloZené vo vzdialenosti okolo
300 km. Niektoré odliSnosti autori vysvetlovali varidciou
v procesoch tavenia, rozdielmi v pdsobeni tlaku a pod.
a rozdiely v obsahu pomeru Sm/Nd pritomnosfou xenoli-
tickych grandtov v lave.

Podobné protireenia mozno uviest aj z granitoidnych
hornin. Pri granitoch typu S sa niektoré problémy v ob-
sahu REE dajui vysvetlit rdznorodostou sedimentarnych
zdrojov. Pri objastiovani genézy granitov typu I na bdze
REE musia autori ¢asto siahal po hypotéze o mixdcii
pld§lovych a kdrovych materidlov, aby sa ,,zmestili* do
predpokladaného obsahu REE podla chondritickej norma-
lizacie zemského plasta (napr. Peterson et al., 1993;
Beyth et al., 1994; Tomascak et al., 1996; Chen et al.,
1999, a i.).

Z hladiska uvedenych faktov sa aj otdzka diferencidcie
materidlov zemskych hlbin, napr. vrchného zemského
plasta, dostava do tplne inej polohy, neZ ako sa javila do-
teraz. Treba v celom rozsahu sudhlasit s Freyom (1984),
ze zjednodudené predstavy napr. o diferenciaénych proce-
soch peridotitov a pod. st v kontraste so skuto¢nostou,
Z¢ chondritické meteority nemajd rovnaké zloZenie, Ze
geofyzikalne ddaje nie si dobrym indikdtorom ich zloze-
nia a Ze naSe vedomosti o tavenindch, procesoch ich vy-
stupu atd. st nedostatoné. K tomu treba este dodat, Ze su
stdle nedostatocné aj naSe celkové poznatky o spravani
REE.

Fyzikdlne a chemické vlastnosti REE vo vSeobecnosti
neposkytuji dostatok jednoznaénych podkladov na hodno-
tenie procesov diferencidcie jednotlivych prvkov vzicnych

EY
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Obr. 1. Relativne zastipenie REE v slnecnej ststave v reldcii k Si = 10°
atomov (Cameron, 1973).

Fig. 1. Relative abundance of REE in the Solar system in relation
to Si = 10° atoms.

zemin v endogénnych procesoch. Napr. ochudobnenie
alebo obohatenie tavenin s obsahom Eu** na zdklade oxi-
da¢noredukénych zmien je v endogénnych podmienkach
mélo pravdepodobné. Tam prevlddaji redukeéné podmien-
ky a Eu je zastipené vo forme Eu?*. [sti moznost viak
poskytuje gravitatnd diferenciacia v magmatickych kozu-
boch, v ktorych by sa mohlo oddelovat velmi lahké Eu
od taz§ich REE predovsetkym v prvych extrizidch (pozri
tab. 3).

Z viacerych hladisk sa ukazuje ako uzito¢na podrobnej-
Sia analyza problematiky pohybu REE v sedimentarnych
procesoch. Zvetravanie minerdlov a hornin vytvara azda
najvhodnejSie podmienky na redistribiciu REE tak vo
vzfahu Kk ich vdzbam v povodnych materidloch, ako aj na
diferencidciu jednotlivych REE navzdjom. Poznatky
z tychto procesov sa Casto vyuzivaju aj na hlbSiu charak-
teristiku REE v pévodnych hornindch a tiez ako podklady
pri odhade dalsich procesov spatych s diagenézou a meta-
morfézou sedimentov, s migraciou REE do vodnych
tokov a morf atd.

Frey et al. (1994) v spomenutej prdci o havajskych
vulkdnoch sledovali aj altera¢né procesy lav. Potvrdili
velkd mobilitu REE pri zvetrdvani, avSak v nerovnakej
intenzite, a to tak pri jednotlivych lokalitach, ako aj pri
jednotlivych prvkoch. Vo zvetranindch sa najCastejSie
koncentroval La (s obohacovacim faktorom 1,5), dalej Y
a HREE (faktor 2). Z tychto prvkov vysvetluji len vizbu
Y (na P,0s), kym ostatné nekomentuji. LREE st od-
n&Sané. Zaujimavé je zistenie, ze pomer ¥Sr/8Sr zostdva
v restite rovnaky ako v pdvodnej lave. Odnosom K spolu
s Rb sa v restite zakonzervoval pomer Sr izotopov, a tak
sa jeho ¢asovy vyvoj zastavil.

Macfarland et al. (1994) skimali dva hibkové profily
zvetravania bazaltu na lokalite Mt. Roe v Zapadnej Aus-
tralii (vek 2760 mil. rokov) a v obidvoch zaznamenali
trochu odli$ny vertikdlny pohyb REE. VysSie koncentra-
cie LREE zistili v sericitickej zéne (v hibke 4-6 m, so
Sest a devitnasobnym obohatenim oproti nezvetranému
bazaltu), kym HREE zvy3ené iba mierne. Podla izotopic-
kych analyz a konstruovanej izochrény urdili, Ze obohate-
nie nastalo pred 2151 mil. rokov a vyvolali ho metaso-
matické procesy (7 —J. B.).

Intenzivny pohyb REE sprevddza zvetrdvanie granitic-
kych hornin. Tida et al. (1998) skumali pohyb REE pri
prirodzenej alterdcii granitu. V alterovanej ¢asti boli kon-
centrdcie LREE dva razy vysSie ako v nealterovanej, kym
HREE zostali na priblizne rovnakej Grovni. V alterovane]
Casti zistili zilky kalcitu miestami lemované bastnisi-
tom, pre ktory uddvaji vzorec (LREE)|COs,F], a parisi-
tom Ca(LREE),[(CO5);F,]. LREE migruji spolu s Ca
a vylucujd sa ako karbonaty.

Ohlander et al. (2000) sa pri $tidiu zvetrdvania granitic-
kého tilu (severné Svédsko) venovali sledovaniu izotopic-
kych zmien Sm/Nd. V dvoch profiloch zvetrdvania pri
prepocte na predpokladané nepohyblivé Zr zistili, ze sa
najviac Sm a Nd uvolfiuje z najvrchnejsej 3—5 cm vrstvy
(65,6 % Sm a 68,7 % Nd), ale zo stredného B horizontu
podstatne menej (53,0 % Sm a 54,7 % Nd). Vysoku kon-
centraciu Sm a Nd zistili v popole humusu (11,0 ppm
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Sm a 64,3 ppm Nd oproti 7,92 ppm Sm a 39,9 ppm Nd
v nealterovanom tile. Na obidvoch profiloch bolo uvol-
fiovanie Nd zretelne vy3Sie. Autori predpokladajd, Ze na
tychto procesoch participujui hlavne organické ldtky.

Z opisu vo vSeobecnej Casti vyplyva, Ze pohyb zvetra-
nim uvolnenych REE je velmi zlozity. Priamo vo
zvetrdvanom prostredi mdzu vytvaral malo rozpustné
karbondty, fosfaty alebo sorbovat sa na iné karbonaty
a fosfaty, ale najmé na ilové mineraly, oxidy a oxidohyd-
roxidy a pod. V pritomnosti organickych ldtok méZu tvo-
rit rozpustné komplexy a v takejto forme sa moZu trans-
portovat az do mori. Do morf sa mdZu dostat aj ako sor-
bované na suspendovanych casticiach a sedimentovat na
dne. Tachikawa et al. (1997) zistili na suspendovanych
oxidoch Mn (> 0,65 pm) sorbované LREE, a najmi
CeO,. Suspendované Castice v ocedne mdZu pochddzat aj
z atmosférického spadu, napr. saharského piesku (Tachi-
kawa et al., 1994) alebo sprasového Cinského materialu
v severnom Tichom ocedne (Alibo a Nozaki, 1997). Zauji-
mavé su aj vysledky Stddia Jeandela et al. (1993) zo Sar-
gasového mora (oblast Bahamy — Bermudy). Jednak refe-
ruji o prinose Nd do mora atmosférickym spadom pocha-
dzajicim z amerického kontinentu, jednak opisuji spdsob
prechodu Nd zo suspendovanych ¢astic do rozpustnej for-
my. Ale najzaujimavejsie je, Ze intenzita tohto rozpusta-
nia priamo stvisi so seczénnym Zivotom chalth (z rodu
Sargassum). V Case intenzivne] biologicke]j ¢innosti
chalih je vySSia produkcia organickych latok (vrdtane fe-
kdlit!), ktoré sa ztcastiujii na rozpistani REE. Osobitne
sa spomina Nd.

DalSou formou pritomnosti REE v morskej vode su
rozpustené zliceniny, resp. Castice s velkostou < 0,03 um.
Obsah REE v rozpustnej forme sa v morskej vode pohy-
buje v jednotkdch (La, Nd, Ce), desatinich (Sm, Dy, Er,
Gd, Yb) alebo stotindch ppm (Lu). Vertikdina distribicia
REE v koldnke morskej vody md prakticky pri vsctkych
LREE rovnaky priebeh. V prvych 300 az 500 m sa kon-
centrdcia REE nemeni a potom aZ po meranych 5500 m
postupne rastie. Vynimkou je Ce, ktorého koncentrécia je
najvyssia pri hladine, do hibky 500 m rapidne klesd a da-
lej opal mierne rastie v rovnakom trende ako ostatné
REE. Uvedené hodnoty namerali Bertram a Ederfield
(1993) v sz. Casti Indického ocedna a podla autorov su
priblizne priemerom z obsahu medzi Atlantickym
a Tichym ocednom. Za zmienku e3te stoji, Ze Shimizu et
al. (1994) spominaji dokdzanu fotoredukciu Ce* na mor-
skej hladine. Faktom je, Ze v suvislosti s REE ma rozli¢-
né anomadlie aj morskd voda, ale nie st to anomdlic Eu.

Zaver

Niekolko vybranych ukdZok o obsahu a stivislostiach
vzacnych zemin v kozmickych a geologickych objektoch,
ako aj v geochemickych procesoch dokumentuje, Ze oca-
kdvania, ktoré¢ sa vkladali do novych poznatkov o REE
a o ich vyuZivani pri vysvetlovani genetickych a inych
otdzok, sa nesplnili. Z podrobného $tddia objektov, pri
ktorych sa predpokladal rovnaky pdvod, vyplynul rozdiel-
ny obsah REE. V procesoch, ktoré mali ma( v rozli¢nych

objektoch rovnaky priebeh, sa Casto prejavovali vyrazné
rozdiely v spravani jednotlivych prvkov vzdcnych zemin.

Z opisu fyzikdlnych a chemickych vlastnosti REE sa
mnohé protireenia daju vysvetlit alebo aspofi naznacit
ich korene, ale napriek tomu zostdva este vela nejasného.
Z hodnotenia vlastnosti REE a ich precizneho prenosu do
redlnych geochemickych, geologickych a dnes aj kozmo-
chemickych dejov, osobitne s cielom vyvodif petrogene-
tické a iné zdvery, vyplyva nevyhnutnost nadalej rozsiro-
vat poznatky o tejto kozmicky, geologicky a geochemicky
velmi vyznamnej skupine chemickych prvkov.
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Rady autorom

Kazdy autor sa usiluje, aby jeho ¢ldnok bol nielen obsahovo. ale aj graficky
na vysokej drovni. VaSe ilustracie budd kvalitné. ak presne dodrzite naSe
instrukcie.

U pri priprave obrazka treba zvazit, & sa umiestni na jeden stipec alebo na
dva stlpce, resp. na celd tla¢end stranu. Vhodne upraveny obrazok (velkos( pis-
men, hriibka ¢iar) mozno reprodukovat aj v pomere 1:1 alebo odpori¢ame uro-
Perovky maji byt zhotovené sytym ¢iernym tufom. Pri obrdzkoch urobenych na
pocitaci treba redakcii poslat origindlne obrdzky (nie xeroxové képie) vytlacené
na pauzovacom papieri - tlac laserovou tlaciariiou v kamerdlnej podobe pri
vysokom rozliseni (min. 300 DPI). Pri zostavovani obrazkov redakcia odportica
pracovat s programami vo vektorovom zobrazeni (napr. Corel Draw — TIFF).
Neodpori¢ame pouzivat velmi tenké ¢iary (tzv. vlasovej hribky) ani na obrysy.
ani vo vyplni.

Umerne k predpokladanému zmenSeniu treba zvolit hribku Giar. velkost
pisma, &isiel. hustotu Srafovania a pod. Text mozno napisal va¢im aj mensim
pisomom (nie verzdlkami - velkymi pismenami). a to podla toho. ¢o sa méd zvy-
raznit. Optimalna velkost pisma v ¢asopise po zmenSenf je pri velkych pisme-
ndch a ¢islach 2 mm a pri malych pismendch 1.6 mm.

Vseobecne

. Rukopis v dvoch exempldroch a origindl obrazkov s jednym odtlackom
musia byt vyhotovené podla instrukcii pre autorov Casopisu Mineralia
Slovaca. V opa¢nom pripade redakcia ¢lanok 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 zaslite aj jeden vytladok textu na papieri.

. Rozsah ¢lanku je najviac 20 rukopisnych stran v¢itane literatiry. obrazkov
a vysvetliviek. Uverejnenie rozsiahlejSich ¢lankov musi schvalit redakénd
rada a ich zaradenie do tlace bude zdlhavejsie.

.Clanky sa uverejituji v slovencine. &eitine. anglictine. resp. rustine.
Abstrakt a skrétené znenie ¢lanku (resumé) je obycajne anglické (ak je ¢la-
nok v angli¢tine. potom resumé je v slovencine).

5. Sticasne s ¢lankom treba redakcii zaslat autorské vyhlésenie. Obsahuje meno

autora (autorov). akademicky titul. rodné ¢islo. trvalé bydlisko.

(o)

.

Text

. Uprava textu véitane zoznamu literatdry prispdsobte sicasne] tprave &ldn-
kov v ¢asopise.

2. Text sa md pisat s dvojitou linkovou medzerou (riadkovadom 2). na strane

ma byt 30 riadkov. 3irka riadku je asi 60 znakov.

3. Abstrakt aj s nadpisom ¢ldnku sa piSe na samostatny list. Obsahuje hlavné
vysledky prace (neopakovat to. ¢o je uz vyjadrené nadpisom). nemd obsa-
hovat citdcie a jeho rozsah nema byt va&3i ako 200 slov. (Abstraktu treba
venovat nélezitd pozornost. lebo slizi na zostavovanie anotacii.)

4. Text méd obsahovat Gvod. charakteristiku (stav) skimaného problému. resp.
metodiku prace. zistené tdaje. diskusiu a zaver

5. Zretelne treba odli3it vychodiskové ddaje od interpretécii.

6. Neopakovat fdaje z tabuliek a obrdzkov, iba ich komentovat
a odvolaf sa na prisludni tabulku. resp. obrazok.

7. Text treba ¢lenit nadpismi. Hlavné nadpisy pisat do stredu, vedlajsie na lavy
okraj strany. Volit najviac tri druhy hierarchickych nadpisov. Ich doleZitost
autor vyzna¢i ceruzkou na lavom okraji strany: | - hierarchicky najvy3si.
2 - niz8i. 3 - najniz8i nadpis.

.V texte sa uprednostiiuje citdcia v zdtvorke, napr. (Dubéak. 1987: Hruby
et al.. 1988) pred formou ... podla Dubédka (1987). Ani v jednom pripade
sa neuvadzaju krstné mend.

9. Umiestnenie obrdzkov a tabulick sa oznadi ceruzkou na lavom okraji ruko-
pisu. resp. stipcového obtahu.

10. Grécke pismena pouZité v texte treba identifikovat na lavom okraji slovom
(napr. sigma).

. Pri pisani starostlivo odlidujte poml¢ku od spojovnika.

. Symboly, matematické znacky. ndzvy skamenelin. slovd a pod.. ktoré treba
vysddzal kurzivou, autor v rukopise podéiarkne vinovkou.

13. K ¢lanku treba pripojit kli¢ové slova.

14. Abstrakt. resumé, vysvetlivky k obrdzkom a ndzvy tabuliek predloZi autor

redakeli aj v angli¢tine.

o0

1
1
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Tlustrécie

1. Musia byt vysokej kvality. Maji dokumentovat a objasiiovat text. Original
(pred zmensenim) moze maf rozmer najviac 340 x 210 mm. Maximdlny
rozmer ilustrécie vytlageny v Casopise je 170 x 230 mm. Skladacie ilustrd-
cie treba tplne vylucit.

V pripade ilustrdcif vytvorenych na poéitaci prosime o ich zaslanie na dis-
kete 3.5" vo formate CorelDraw (PC). Adobe Illustrator (PC. Mac) alebo
Aldus FreeHand (Mac).

Nustracie pripravovat s vedomim. Ze sa buddi zmenSoval (zvycajne
050 %) na sirku stipca (81 mm) alebo strany (170 mm). Podla toho pripra-
voval ich velkost a formou. resp. ich zoskupenie.

3. Volit takd velkost pisma a &isel. aby najmen3ie pismend po zmenSeni boli

velké aspoii 1.2 mm. Umerne zmengeniu volit aj hribku &iar

Obrézky popisovat $ablénou. nie volnou rukou.

. Vietky ilustrdcie véitane fotografif musia obsahovat graficki (metricki)
mierku.

6. Zoskupené obrazky. napr. fotografie. diagramy. musia byt pripravené (nale-
pené) ako jeden obrdzok a jeho &asti treba oznadif pismenami (a, b. ¢ atd’).
Takto zoskupené obrizky sa citujd ako jeden obrdzok. Zoskupené fotogra-
fie treba starostlivo upravi( a nalepit na biely kriedovy papier

7. Fotografie musia byt ostré. €iernobiele. kontrastné a vyhotovené na lesklom
papieri. Je vhodné. aby sa zmen3ovali minimdlne o 50 %.

8. Na vietkych obrazkoch sa na okraji (na fotografidch na zadnej strane) ceruz-
kou uvedie &islo obrazku a meno autora. Na fotografidch sa $ipkou doplni
aj orientacia obrdzku.

. Na mapich a profiloch volit jednotné vysvetlivky. ktoré sa uvedu pri prvom
obrdzku.

10. Ndzvy obrazkov a vysvetlivky sa piu strojom na osobitny list.

Vetky ilustrdcie sa musia citovat v texte.

12. lustracie sa zasielaju redakcii uz imprimované. teda pri korektire ich uz
nemozno opravovat a dopliiat.

. Farebné ilustrécie st vitané. ale naklady na ich tia¢ hradi autor
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Tabulky

1. Tabulky sa pi$u na osobitny list. Ich rozsah a vnitornii tpravu treba voli
tak, aby sa tabulka umiestnila do stipca alebo na 3irku strany. Rozsiahlej3ie
tabulky sa neprijimaju.

2. Udaje zoradujte do tabulky iba viedy. ak sa nedaji uviest v texte.

3. Nadpis tabulky a pripadny sprievodny text sa piSe strojom na osobitny list
(dpravu nadpisov pozri v ¢asopise).

4. Vertikdlne ¢iary v tabulkdch nepouZivat.

5. Tabulky sa &islujd priebeZne a uverejitujii sa v ¢iselnom poradi.

Literatira

|V zozname literatiiry sa v abecednom poriadku uvddza iba literatdra citova-
na v danom ¢lanku. Citdcia oznadend ..v tladi™ sa mdZe uviest v zozname.
len ak je z citovaného lanku aspoi stipeové korektira. Citdcie s doplnkom
.v pripade”. .zadané do Ula¢e™ si neplnohodnotné a nemajti sa pouzivat ani
v texte. Citdcia .,osobnd informécia™ sa cituje iba v texte (Zajac. os. infor-
mécia. 1988).

2. Pouzival nasledujici spdsob uvddzania 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 loziskd gemerika. Spec. publ. Slov. geol. spol.. Kogice. 203 - 215.
Manuskript
Radvansky. F.. Slivka. B.. Viktor. J. & Srnka. T.. 1985: Zilné loZishd jedlo-
veckého prikrovu gemerika. Zdveretnd sprava z ulohy SGR-geofyziha.
Manuskript—archiv GP Spisskd Nové Ves. 28.

3. Pri ¢lanku viac ako dvoch autorov sa v texte cituje iba prvy autor s dodat-
kom et al.. ale v zozname literatiry sa uvddzaju vietci.

4. Ak sa v ¢lanku (knihe) cituje nazov, ddaje a pod. iného autora. ktory nie je
spoluautorom publikdcie, potom sa v texte cituje vo forme (Gerda in Kubka.
1975). ale v zozname literattry sa uvadza iba Kubka. J.. 1975.
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