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Abstract

More than 100 samples from all important tectonic units of the Western Carpathians have been ana-
lysed for heavy minerals. The aim was the comparison of heavy mineral spectra with paleogeographic
consequences. This paper provides the [irst report about the percentual proportions in the heavy mine-
rals in the individual units and the conclusions resulting from them. Two main Jurassic heavy-mineral
provinces were distinguished in the Western Carpathians: The first one: G-Z-R-T (garnet. zircon. rutile,
tourmaline) is typical for most of the Pieniny Klippen Belt units and is probably related to Gresten Zone
and autochthonous Jurassic cover of the Bohemian Massif margins. The second assemblage. T-Z-R
(tourmaline. zircon and rutile). is typical for Central and Inner Western Carpathian units. This assem-
blage was impoverished due to resedimentation from older sediments and due to intrastratal dissolution.
The assemblage is tourmaline-dominated: the major portion of tourmaline came most likely from
low-grade metamorphics which are now not present in the crystalline basement (except Gemericum),
whereas most of zircon and rutile came from older sediments. Borinka unit and Tatric units from Malé
Karpaty Mis., which are dominated by tourmaline and apatite have similar heavy mineral spectra 1o
Nordrahmenzone of the Eastern Alps which has similar proposed paleogeographic position as does
Borinka unit. The only difference is in provenance of part of tourmaline. Among the Pieniny Klippen
Belt units, Drietoma and Haligovee units have clear affinity to Central Western Carpathians. On the basis
of some index heavy minerals it is likely that source of Nedzov nappe clastics (containing considerable
amount of staurolite) was Tatric-Veporic type of crystalline complexes. Various bluish amphiboles and
some bluish varieties of tourmaline in Silicic Jurassic came most likely from Gemericum. An overall lack
of chromium spinels indicates that no larger obduction of ophiolites occurred in the Western Carpathian

units during Jurassic.
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Introduction

The aim of investigation of detrital admixture, namely
the heavy minerals of Western Carpathian Jurassic, is 1o
contribute 1o overview on Western Carpathian paleogeo-
graphy and plate movement in the time of pre-rift to syn-
-rift period of the Vahic (Penninic) Ocean on the north
and simultaneous convergence to collision period of the
Meliata ocean on the south of the future Western Carpathian
domain. Heavy mineral study is a tool of paleogeographic
research that complements facial and paleobiogeographic
research. In some aspects, its results may be even more
valuable than those of the latter methods. On the other
hand, there are also problems which reduce its power.
In the Western Carpathians there is a problem of reduc-
tion of variability of heavy mineral assemblages due (o
intrastratal dissolution. Correlation of such assemblages
is, therefore, very difficult and requires application of
variation analysis (Morton, 1983). The results of heavy
mineral study provide information on provenance of some
index minerals, as well as similarities or differences
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between the individual samples, sampling sites and paleo-
geographic units.

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

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

proportions.

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

Previous heavy mineral studies of the Western Carpathian
Jurassic sediments

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

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

Methods of research

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

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

Meliaticum

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

The data of the translucent heavy mineral grains are
grouped by their composition into two different groups.
The first group includes the sandstone and quartzite samples
of uncertain stratigraphic position within the Meliatic unit.
The uncertainty was caused by the complex geological
structure resulting from subduction and collision tectonics
that generally makes it dilficult 1o distinguish between
normal beds and olistoliths of tectonicly involved blocks.
This group is characterized by the presence of the assem-
blage of tourmaline, zircon and rutile, which is the most
resistant group of heavy minerals. It indicates that either
its source were some older siliciclastic rocks. or it origi-
nated after deposition by an intrastratal dissolution of less
stable minerals. Such assemblage is typical for the Jurassic
sediments all around the Central and Inner Western Car-
pathians. The second group is represented by the siltstone
samples. coming from the greenish noncalcareous clay-
stones and by the sandstone sample from Florianikogel
locality. This group contains mainly garnet and abundant

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

Silicicum s. 1.

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

The Bohtfovo samples show that the predominant
assemblage is the most stable one, dominated by tourma-
line, zircon and rutile. It is again a poor assemblage.
resulting either from intrastratal dissolution or multiple
resedimentation of the detrital material. The new results
show that the heavy mineral assemblages are very similar
to those from the Central Western Carpathians, mainly
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Tab. |
Percentual proportions of translucent detrital heavy minerals of Liassic sediments from the Central and Inner Western Carpathians

Locality Unit Mountains Gr Zr Ru Tu Ap Am Ti St Sp Aug Dis B.A.
Bohdfovo Silicic Slov. Karst 0 1 5 12 0 2 0 0 0 0 0 80
Bohtfovo-1 Silicie Slov. Karst 2 9 16 63 1 0 6 0 0 0 0 0
Bohtinovo-A Silicic Slov. Karst 3 11 13 70 2 0 I 0 | 0 0 0
Bohiiiovo-B Silicic Slov. Karst 0 16 9 75 0 0 | 0 0 0 0 0
Bohtifovo-C Silicic Slov. Karst 1 14 16 65 0 0 2 0 0 0 0 0
Bohiinove-D Silicic Slov. Karst 0 23 20 35 0 0 | 0 0 0 0 0
Bohinovo-E Silicic Slov. Karst 2 20 15 39 1 | 2 0 0 0 0 0
Bohinovo-F Silicic Slov. Karst 0 21 19 59 0 0 0 0 0 0 0 0
Bohtinovo-G Silicic Slov. Karst 0 3 2 94 0 0 0 0 1 0 0 0
Bleskovy pramen Silicic Slov. Karst 1 47 9 3 16 2 I 0 0 3 0 19
Geravy | Silicics. . Muran plat. 9 12 7 58 6 5 0 0 3 0 0 1
Diviacka n. Ves.-9 Hronic Striz. vrchy 0 60 6 9 15 0 0 2 9 0 0 0
Diviacka n. Ves-1 Hronic Straz. vrchy 0 3 2 95 0 0 0 0 0 0 0 0
Brama Kantaka Hronic Zapadné Tatry P 52 21 17 2 0 0 0 1 0 0 |
Bzince p. Javorinou-1  Hronic Cachtic. Karp. | 6 8 50 4 0 0 31 0 0 0 0
Bzince p. Javorinou-2  Hronic Cachtic. Karp. 4 7 8 43 3 0 0 34 0 0 0 0
Pradnik-1 Hronic 7 Cachtic. Karp. 12 14 13 35 9 0 0 17 0 0 0 0
Prasnik-3 Hronic 7 Cachtic. Karp. 7 5 9 49 3 0 0 26 0 0 0 0
Margecany Meliata Slov. Ore Mts. | 23 11 33 12 0 0 0 0 0 0 0
Meliata | Meliata S. Slov. Depres. 2 39 9 47 2 0 2 0 0 0 0 0
Meliata 2 Meliata S. Slov. Depres. 1 26 2 65 6 0 0 0 0 0 0 0
Meliata 3 Meliata S. Slov. Depres. 0 49 Il 28 5 5 2 0 0 0 0 0
Meliata 4 Meliata S. Slov. Depres. 9 39 14 38 0 0 0 0 0 0 0 0
Meliata 5 Meliata S. Slov. Depres. 50 5 2 2 17 7 0 0 17 0 0 0
Meliata 6 Meliata S. Slov. Depres. 79 2 0 0 15 2 0 0 2 0 0 0
Meliata 7 Meliata S. Slov. Depres. 68 3 3 | 20 2 3 0 0 0 2 0
Meliata 8 Meliata S. Slov. Depres. 72 6 6 0 17 0 0 0 0 0 0 0
Florianikogel Meliata E. Alps 35 13 6 7 3 3 0 0 0 0 0 0
Havran Fatric Belanské Tatry 0 31 64 6 0 0 0 0 0 0 0 0
Stefanov Zlab Fatric Belanské Tatry 0 66 24 | 0 0 0 0 0 0 0 0
Furkaska Fatric Vysoké Tatry 0 23 8 2 15 12 0 0 0 0 0 0
Strazovee Fatric StraZov. vrchy 37 30 6 9 10 2 5 0 0 0 0 0
Vysokd Fatric Malé Karpaty 46 15 13 4 20 2 0 0 0 0 0 0
Smolenice Fatric Malé Karpaty 2 28 21 15 26 0 0 4 0 0 4 0
Pristodolok-1 Fatric Mal¢ Karpaty 3 36 26 34 0 0 0 0 0 0 0 0
Pristodolok-2 Fatric Malé Karpaty 0 43 25 33 0 0 0 0 0 0 0 0
Cerfaze Fatrie Mald Fatra 13 14 32 40 | 0 0 0 0 0 0 0
Sokol-fleckenmerg. Fatric Mala Fatra 17 12 8 55 7 0 0 0 | 0 0 0
Sokol Fatric Mala Fatra 0 4 3 9] | 0 0 0 0 | 0 0
Zazrivka Fatric Mala Fatra 39 13 0 4 39 4 0 0 0 0 0 0
Krivostud-Beckov-8 Fatric Povaz. Inovec 8 51 19 14 8 0 0 0 0 0 0 0
Krivosiud-Beckov-9 Fatric Povaz. Inovec 0 26 35 34 2 1 0 0 0 0 | 0
Krivosud-Beckov-10 Fatric PovaZz. Inovec 0 18 20 60 1 0 0 0 0 0 0 0
Krivosud-Beckov-11 Fatric Povaz. Inovec 0 39 24 37 0 0 0 0 0 0 0 0
BrloZnica Tatric Velkd Fatra 9 27 24 37 I 0 2 0 0 0 0 0
Velky Sipran Tatric Velkd Fatra 12 25 10 49 3 0 0 2 0 0 0 0
Belanska dolina Tatric Velka Fatra 3 31 10 49 4 0 3 0 0 0 0 0
Maly Siprin Tatric Velkd Fatra 12 22 19 43 | 0 | 1 0 0 0 0
Kominy Tylkowe Tatric Vysoké Tatry 0 28 I 56 6 0 0 0 0 0 0 0
Osobita Tatric ZapadnéTatry 0 45 15 34 6 0 0 0 0 0 0 0
Kunerad Tatric Mala Fatra 0 47 28 25 0 0 0 0 0 0 0 0
WNW of Dubravina Tatric Mala Fatra 0 50 32 18 0 0 0 0 0 0 0 0
W of Diibravina Tatric Mala Fatra 0 40 40 19 0 0 0 0 0 | 0 0
Bralo Tatric Mald Fatra 6 11 0 3 37 0 0 0 0 0 0 ()
Zibrica Tatric Tribec 0 41 25 17 17 0 0 0 0 0 0o o
Zibrica-2 Tatric Tribet 0 30 20 33 2 11 0 0 3 0 0 0
Ladice Tatric Tribed 1 24 20 33 3 0 | 0 0 0 0 0
Donovaly Tatric Nizke Tatry 3 42 16 24 13 0 0 0 0 0 0 3
Donovaly 1 Tatric Nizke Tatry 4 33 39 16 3 0 2 0 2 0 0 0
Humienec-olist. Tatric Povaz. Inovec 0 27 9 2] 42 0 | 0 0 0 0 0
Hranty-olist. Tatric Povaz. Inovec | 49 11 27 11 0 2 0 0 0 0 0
Novia Lehota Tatric Povaz. Inovec 4 29 16 23 29 0 0 0 0 0 0 0
Ostry vrch Tatric Malé Karpaty 3 23 14 12 48 0 0 0 0 0 0 0
S of Zabité Tatric Malé¢ Karpaty 2 31 14 26 28 0 0 0 0 0 0 0
Hrubé Vipenné Tatric Malé Karpaty 0 45 19 26 9 0 0 0 0 0 0 0
Kadlubek Tatric Malé Karpaty 0 -4 8 - — 0 0 0 0 0 0 0
Zrkadlisko Tatric Malé Karpaty 12 10 7 2 67 2 0 0 0 0 0 0
Medené Himre Borinka U.  Malé Karpaty 0 18 9 46 20 0 0 0 0 0 0 0
Somar Borinka U. Malé Karpaty | 37 5 28 28 0 0 0 0 0 0 0
Pajstiin Borinka U. Malé Karpaty 4 41 5 20 29 0 0 0 0 0 0 0
Borehole MKZ 233m  Borinka U.  Malé Karpaty 3 12 3 39 A 0 0 0 0 0 0 0
Borehole MKZ 197m Borinka U. Mal¢ Karpaty 2 7 2 28 60 0 0 0 0 0 0 0
Marianka Borinka U. Malé Karpaty 0 36 10 3] 24 0 0 0 0 0 0 0

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

from Tatric units (Aubrecht, 1994). Predominance of
tourmaline in most samples can be explained by the
Gemeric source but the same is noteworthy in Tatricum
(Aubrecht and Kristin, 1995, see separate chapter) as the
Tatric and Veporic crystalline complexes lack considerable
amounts of tourmaline. In some samples, bluish amphibo-
les were found at Bohtiiovo and single grains were found
also at Geravy locality. Their composition corresponds (o
Al-Fe-Mg-hornblende (N+K<0.5) to Al-edenite (Na+K=0.5)
with structural formula NaCaFeMg;AlSi-AlO,,(OH),
(Aubrecht, 1999). Similar bluish amphibole was descri-
bed from some paleobasalt occurrences in Rakovee Group
of Gemericum (Hovorka et al., 1988) and from amphibo-
lite near Rudnany (Faryad, 1995, p. 11).

Nedzov nappe

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

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

Hronic units (Cho¢ nappe)

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

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

Fatric units
From the Krizna nappe and its equivalents, coming

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

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

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

Tatric and Penninic (?) units

Tatricum and the units assigned to belong to Penninic
margin (e. g. Borinka and Belice units), as the northern-
most units of the Central Western Carpathians, are the key
areas [or reconstruction of the relationship between the Cen-

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

In the Borinka unit. which is considered to be a marginal
unit at the Penninic/Tatric boundary (PlaSienka et al..
1991). in the heavy mineral assemblages (Aubrecht, 1994),
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Tab. 2
Percentual proportions of translucent detrital heavy minerals of Liassic sediments from the Pieniny Klippen Belt

Locality Unit Gr Zr Ru Tu Ap Am Ti St Sp Aug Dis B.A. Kae
Jedlovinka Kysuca ? 0 38 38 20 3 0 0 0 0 0 0 0 0
Horné Duzavy Kysuca ? 0 39 25 30 2 3 0 0 1 0 0 0 0
Krisna Horka Nizna 52 17 15 10 4 0 | | 0 0 0 0 0
Lty potok Niznd ? 64 13 4 3 16 0 0 0 0 0 0 0 0
Sedliacka Dubovi Niznd ? 67 10 9 3 10 | 0 0 0 0 0 0 0
Chotié Drietoma 13 17 13 33 1474 0 2 5 2 0 0 0 0
Mel¢icka dolina-1 Drietoma | | | 2 0 11 0 0 0 I 0 1 82
Mel¢icka dolina-2 Drietoma 0 15 0 | 0 3 0 0 0 0 0 0 81
Mel¢ickd dolina-3 Drietoma 0 43 4 43 0 9 0 0 0 0 0 0 0
Drietoma Drietoma 2 3 0 22 25 5 0 0 0 0 0 0 43
Drietoma-1 Drietoma 3 47 21 29 0 0 0 0 0 0 0 0 0
Skalka Manin 2 16 14 56 11 0 0 0 I 0 0 0 0
Holiak Manin 0 29 24 27 0 | 0 0 0 0 0 0 19
Vrch Pasienky Manin 16 24 14 41 | 2 | | 0 0 0 0 0
Manin Gorge Manin 28 23 22 27 0 0 0 0 0 0 0 0 0
Krivoklitska dolina-1 Klape ? 57 19 3 18 2 0 0 l 0 0 0 0 0
Krivoklitska dolina-2 Klape ? 72 12 4 11 0 0 | 0 0 0 0 0 0
Klape-1 Klape 31 14 I 42 0 0 | 0 0 0 0 0 0
Klape-2 Klape 59 17 9 13 0 0 I 0 0 0 0 0 0
Klape-3 Klape 57 3 8 30 0 0 0 I 0 0 0 0 0
Klape-4 Klape 66 3 4 26 0 0 0 0 0 0 0 0 0
Haligovka Haligovee 1 15 10 74 0 0 0 0 0 0 0 0 0

For explanations see Tab. |

apatite is dominant over the tourmaline, zircon and rutile.
This is a common feature with so called Nordrahmenzone
(Peer and Zimmer, 1980), a transitional zone between Pen-

ninic and Lower Austrolapine units in the northern rim of

the Tauern Window. These two units have similar sedimen-
tary facies and common heavy mineral ratios. The only dif-
ference is in composition of tourmaline. In the Borinka
unit, the tourmalines came exclusively from the metasedi-
ments (Aubrecht and Kridtin, 1995) whereas in the Nordrah-
menzone there is a significant portion of tourmalines
coming from Li-poor granitoids (unpublished data — Aub-
recht, 1999). The samples from the transitional Borinka
Unit are practically the same as those from the Tatric units
of the Malé Karpaty Mts. (Aubrecht, 1994).

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

Kostolec unit

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

Drietoma unit
Drictoma, as an independent unit was distinguished by

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

Pieniny Klippen Belt (Began, 1969). Mahel (1978) na-
med it as Bo3dca unit. By its development, namely by its
Upper Triassic and Lower Jurassic members, this unit is
obviously similar to the Fatric units. Alrcady Began
(I. ¢.) and carlier by Gross (1939) and Scheibner (1967)
considered its occurrences between Moravské Lieskové
and Zemianske Lieskové as slices of the Krizna nappe
overlying the Manin unit (although Mahel, 1978 also
considered Manin unit as coming from the Fatric domain).
Began (I. ¢.) called it as Dibrava development of the
Krizna nappe. differing from the Manin unit namely in
Liassic sediments.

From Drietoma unit, 7 samples were analysed. Al some
of them, their ranking to the Drietoma unit was only sup-
posed (Krivoklit valley samples — see Jurkovicovd, 1930).

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

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

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

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

Manin and Haligovcee unit

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

Klape unit (Klape hill locality)

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

Pienidic units

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

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

Benatina Czorsztyn 30 36 14 9 5 0 0 5
Bolesovska dolina Czorsztyn 33 32 8 1 5 0 0

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

For explanations see Tab. |

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

Discussion

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

1. Why are the samples from the Central and Inner

Western Carpathians dominated by the most stable trinity
tourmaline, Zircon and rutile?

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

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

Assemblages poor in garnet and rich in the most stable
minerals such as chromium spinels, zircon, tourmaline and
rutile are ubiquitous all through the Western Carpathian
Cretaceous; in Palcogene there is a sudden onsct of the
carnet-dominated assemblages (MiSik et al.. 1980 Salaj
and Priechodska. 1987; Wagreich and Marschalko, 1993).
As the intrastratal dissolution is time-dependent process.
if' the impoverished assemblages were exclusively the result
of intrastratal dissolution a gradual increase of unstable
minerals amount would be observed towards the younger
formations. Instead, the sudden onset rather indicates diffe-
rent source rocks. The most probable version is that in the
Central and Inner Western Carpathians the impoverishment
of heavy mineral assemblages was due to combination of
multiple recycling of the material and of intrastratal dissolu-
tion (mainly Penninic, Tatric and eventually Fatric units).

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

The problem of detrital tourmaline has been already
treated by Aubrecht (1994) and Aubrecht and Kristin
(1995). The chemical composition of tourmalines from
various units of the Western Carpathians indicates that
most of the detrital tourmaline came from metasediments,
probably phyllites (Aubrecht and Kristin, 1993: Aubrecht.
1999). Regression statistical analysis shows that in the
ultrastable trinity tourmaline. zircon and rutile there is
a good correlation between the zircon and rutile but their
correlation with tourmaline is low (Aubrecht, 1999).
Therefore, the tourmaline source had to be dilferent. Zircon,
rutile and little amount of tourmaline was most probably
resedimented from older sediments, whereas most of the
tourmaline came from the above mentioned metasedi-
ments. These had to be already removed by erosion as the
average content of tourmaline in presently outcropped
crystalline rocks is low (except Gemericum). This inter-
pretation, however, meets some difficulties. There are
two alternatives, The first supposed that the erosion has
to take place still before Triassic (before deposition of
Lower Triassic quartzites — LiZzna Formation). In this
case, all the tourmalines in Liassic would be resedimented
from Triassic sediments. Another possibillity is that the
erosion of metasediments took place during Liassic. This
would require removal of the underlying Triassic sedi-
ments to reach the crystalline basement. However. there
were found almost no instances of direct overlying of the
crystalline basement by Liassic sediments in the Western
Carpathians, except perhaps Somdr Breccias in the Malé
Karpaty Mts. (Borinka Unit). This fact contradicts to rela-
tively large onset of siliciclastic sedimentation in Liassic
(mainly in Tatricum). It is hard to presume that all the
material is result of resedimentation. Morcover, there
were crystalline clasts identified in the detritic admixture.
A hypothetic crystalline terrane formed by low-grade
metamorphics situated north of Tatricum serves as the
most likely solution. This might be also a source of exotic
tourmalinic clastics in Lower Triassic quartzites (Misik
and Jablonsky, 1978). Its location is deduced from the
transport indicators measured in the quartites, as well as
diminishing of clastic admixture in Liassic sediments
from north to south. A considerable portion of tourmaline
in Silicic units might also come from Gemericum where
it is ubiquitous.

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

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

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

The question of origin of the bluish amphiboles alter
oral communication was discussed by Kozur and Mock
(1995, 1996). Without analytical results they evaluated
the bluish amphiboles as a product of a HP/L'T metamor-
phism due to subduction of “northern™ branch ol the
Meliata ocean.

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

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

4. Whart is the provenance of detrital staurolite in Nedzov
nappe?

The heavy mineral assemblages from the Nedzov nappe
are inexpected. On one hand there is dominant the very
stable tourmaline, on the other hand, relatively unstable
staurolite is abundant too. Other minerals such as zircon,
rutile, apatite and garnet are much sparser. Staurolite and
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garnet might come from Tatric-Veporic type of crystalline
complexes, but again, the high amount of tourmaline
would be problematic. Moreover, there had to be domi-
nance of staurolite over the granet. Garnet is more resis-
tant to intrastratal dissolution than staurolite but in the
Nedzov nappe samples the staurolite is dominant. The
rocks dominated by staurolite are rare in the Western Car-
pathians and staurolite nowhere occurs in considerable
amounts to provide the proportions we have obtained.
For instance, in staurolite zone of metapelitic rocks in
the Malé Karpaty Mits. staurolite reaches up to 49 %,
whereas garnet just up to 42 % (Broska and Jandk, 1985).
According to Hubert (1971) staurolite is more resistant 10
intrastratal dissolution. This would shift this ratio in
favour of staurolite as the garnet would disappear more
quickly. This process most probably increased the propor-
tion of staurolite also in our samples, provided that the
source rock had similar composition as those of Broska
and Jandk (1983).

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

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

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

Conclusions

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

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

3. The lack of any considerable admixture of chromium
spinels (ophiolitic source rocks) is noteworthy from the
paleotectonic point of view. Chromium spinels belong 1o
ultrastable heavy minerals and their presence would be also
detectable in impoverished samples. There are minor
amounts of Cr-spinelids in the Meliata unit which was in
the phase of convergence and closure. In more northern
units that were under influence of Penninic rifting and
spreading, only continental crust-derived heavy minerals
are present. The experience with Cretaceous chromium
spinels (Misik et al., 1980) shows that they are present
in the time of obduction large ophiolite bodies which was
most probably not the case in Jurassic.

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

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

Zistovali sme percentudlne zastipenie azkych minerdloy
vo vyse 100 vzorkich jurskych sedimentov (najmii z liasu)
zo vielkych doéleZitych tektonickych jednotiek Zipadnych
Karpdat. Sedimenty liasu Zdpadnych Karpdt sa vyznacuju
znatr.ou redukciou spekira tazkych minerdlov oproti zloZeniu
pdvodnych zdrojovych hornin. Tidto redukeia je markantnd
hlavne v jednotkdch centrdlnych a vnitornych Zipadnych
Karpdt. V bradlovom pdsme je redukcia menSia, a o aj v jed-
notkdch, ktoré sa v sic¢asnosti pokladaji za povodni sucast
centrdlnych Zapadnych Karpit (klapskd a maninska jednotka).
Pri¢inou redukcie nie je iba intrastratdlne rozpistanie. ako
sa doteraz predpokladalo, ale aj resedimentdcia minerdlov
zo slarSich sedimentov (nickolkondsobnd recvklacia mate-
ridlu s elimindciou nestabilnejSich zloZiek). V najstabilnejsej
trojici minerdlov v jednotkdch centrdlnych a vnitornych
Zipadnych Karpdt ¢asto prevlida turmalin nad zirkonom a ruti-
lom. Na zdklade regresnej a variaénej analyzy usudzujeme, Ze
posledné dva minerdly maji spolo¢ny povod (kryStalinikum
tatroveporického typu a starSie z neho derivované sedimenty),
kym turmalin pochddza aj z in¥ch zdrojov (metasedimentov
nizkeho stupina metamorlézy).

Z paleotektonického hladiska je zaujimavé, Ze sa v liase,
Ktory je v tetydnej oblasti obdobim vyrazného riftingu. tak-
mer nijaky prinos detritu z ofiolitov nezaznamenal. Pritom
chromspinelidy by sa pre ich velmi vysokd stabilitu a odol-
nost voéi transportu aj intrastratdlnemu rozptitaniu mohli
zachovat aj v tych najochudobnenejiich asocidcidch. Zo sku-
senosti z kriedovych sedimentov je viak zndme, 7e prinos
ofiolitového detritu prebieha hlavne pri obdukeii ocednskej
kory v procese konvergencie a kolizie. Pri riflingu zrejme
prebieha prinos ofiolitovyeh klastik vyhradne do ocedn-
skych paniev, ktoré zvycajne tiplne pohltila subdukcia v ne-
skorsich $tadidch.

V nasledujiicom sihrne je stru¢né porovnanie percentudl-
neho zloZenia fazkych minerdlov v jednotkdch Zdpadnych
Karpat:

a. Silicikum s. 1. Podobne ako v hroniku aj v siliciku s. .
vidno nedostatok siliciklastickej primesi, ¢o pravdepodobne
stvisi s inym geotektonickym postavenim spomenutych
Jednotiek v liase. Kym severnejsie jednotky ovplyvnil rif-
ting ligiirsko-penninicko-vihického ocedna, juznejsie jed-
notky bali v oblasti vplyvu konvergencie uzatvdrajiceho sa
meliatskeho ocedna (silicikum) alebo sa vyskytovali v po-
merne neutrdlnej zéne medzi nimi (hronikum). Jurské sedi-
menty silicika si na siliciklasticki primes vieobecne o Cosi

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

Zo vzoriek vidno, Ze prevldda najstabilnejdia asocidcia
turmalin — zirkén — rutil s velkou prevahou turmalinu. Ticto
najnoviie visledky ukazuju, Ze percentudlne zastipenie laz-
kych minerdlov je podobné ako vo vzorkich z centrilnych
Zdpadnych Karpit, hlavne z tatrika, ale na rozdiel od jedno-
tick centrilnych Zdpadnych Karpdt sa vo vzorkich z Bohifova
vyskytuji aj modrasté amfiboly a modré odrody turmalinu.
Predbezny vyskum modrastych amfibolov ukdzal, Ze ich
nemozno priamo zaraditl medzi vysokotlaké minerdly, ale
zdroven sa nedd ani vyligit, Ze ide o produkty premeny glauko-
fanov v regresnej fdze metamorfézy. KedZe sa podobné
minerdly vyskytuji aj v gemeriku, zdroj klastickej primesi
mozno hladat v tejlo oblasti.

b. Vzorky z nedzovského prikrovu (lokalita Prasnik a Bzince
pod Javorinou) sa vyznacuji zaujimavou asocidciou lazkych
minerdlov. Popri prevahe stabilného turmalinu sa v nich
vyskvtuje aj mdlo stabilny staurolit a v Prasniku aj o nieco
stabilnej§i grandt. Asocidcie z Bziniec pod Javorinou si zauji-
mavé aj nepritomnostou (alebo velmi malym mnoZstvom)
erandtu, ktory je inak v zdpadokarpatskom kryStaliniku ovela
hojnejsi. Svedéi to o osobitom zloZzeni zdrojovych hornin
a poukazuje na moznost sckunddrneho obohatenia asocidcie
o staurolit, lebo ten je podla literatiry voéi intrastratdlnemu
rozpustaniu odolnejii. Staurolit a grandt sa vyskytuju prevazne
v metamorfitoch strednych stupiov metamorfozy, a preto je
takmer isté, Ze ich zdrojovou oblastou nebolo gemerikum, ale
skor kryStalinikum tatroveporického typu.

¢. Cho&sky prikrov. Pozitivne boli len tri z odobranych
vzoriek (lokalita pri Diviackej Novej Vsi a Brama Kantaka
v polskych Zdpadnych Tatrdch), ¢o je dasledok velmi malého
mnozstva siliciklastickej primesi zastiipenej v sedimentoch.
Obsah tazkych minerdlov vo vzorkich je rozliény. V jednej
vzorke je takmer iba turmalin s malym mnoZstvom zirkénu
a rutilu (opil najstabilnejdia asocidcia). v ostatnych dvoch
prevazuje zirkén s men$im obsahom rutilu, turmalinu a apa-
titu, pripadne grandtu. Nasli sa aj ojedinelé zrnd chromspine-
lidov. Je to takisto ochudobnend asocidcia, a tak na jej
ziklade nemozZno robil dalekosiahle zivery aj preto, Ze zatial
ide o malé mnozstvo pozitivnych vzoriek.

d. Fatrické jednotky sa vyznacuju variabilnymi vysledkami,
Co prezradza, 7e v sedimentadnom priestore tatrika je viac aso-
cidcii tazkych minerdlov, ktoré pravdepodobne pochddzaju
z rozli¢nych zdrojov a v panve sa zmiesali v rozlicnom pomere.
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Skupiny zodpovedajuce jednotlivym zdrojom nemoZno vy¢le-
nit ani podla vysledkov zhlukovej analvzy, a to napriek faktu,
7e istd odlidnost v dvoch skupindch vzoriek je viditelnd.

Prvii skupinu, zistentd vo vzorkdch hlavne z vysokej jed-
notky Malych Karpat, na strizovskom profile v StriZzov-
skych vrchoch a v dvoch vzorkdch z Malej Fatry, reprezentuje
asocidcia grandt — apatit — zirkén, druhti tvori najstabilnejsia
asocidcia zirkén — rutil = apatit. Pomer medzi minerdlmi
v druhej skupine je variabilny, ale dd sa predpokladat, Ze ide
o0 asocidciu zo zdroja podobného zdroju v tatriku.

Z vyskytu obidvoch asocidcii aj v jednom profile vyplvva,
Ze druhd asocidcia nemohla vzniknut iba ochudobnenim pod
vplyvom intrastratilneho rozpistania. Na vzorkich obsahu-
Jjucich grandt je viditelnd silnd kordzia, ale k tplnej strate
grandtu nevedie. Z tychto vysledkov rezultuje predbezny
predpoklad, Ze kazdd asocidcia predstavuje int zdrojovi oblast
a 7e sa sedimenty na dne fatrickej panvy miesali.

e. Tatrické jednotky sa vyznacujii prevahou ultrastabilnej
trojice zirkon — rutil — turmalin. ZardZajici je ndpadny nedo-
statok grandtu a velmi prekvapujiice aj Lo, Ze v trojici ¢asto
dominuje turmalin. Vyskytli sa aj anomdlie. napriklad
vo vietkych tatrickych jednotkdch Malych Karpit a Povaz-
ského Inovea, v ktorych dominuje aj apatit. Anomdlny je aj
relativne vySsi obsah grandtu (na rozdiel od inych pohori)
vo Velkej Fatre (maximdlne 12 %). Chemické zloZenie gra-
natov odhalilo aj vyskyt pyropovo-almandinickych grand-
tov, ale neistého pévodu. Zo znamych vyskytov podobnych
grandtov do tivahy prichddza iba kryStalinikum moldanubika
alebo Malej Fatry.

Borinskd jednotka, pokladand za prechod medzi tatrikom
a penninikom, ma takmer zo vietkych hladisk blizko k Nor-
drahmenzone, odkrytej v severnej Casti lektonického okna
Vysokych Taiir, ale v Nordrahmenzone prevladaju turmaliny
pochddzajiice z granitoidov, kym v borinskej jednotke sa vy-
skytuju takmer iba turmaliny z metasedimentov.

I Kostoleckd jednotka v liase neobsahuje takmer nijaku
siliciklastickid primes, ¢o je prvok spoloény s jednotkami
hronika alebo silicika. Predpokladdme, Ze bradlo pri Kostolci
moze byl odtrhnutym blokom, pdvodne pochddzajicim
z chot¢ského prikrovu.

g. Drictomskd jednotka sa vyznacuje asocidciou s prevld-
dajicim ¢adicovym amfibolom. Pre zdroj klastického mate-
ridlu bola charakteristickd dominancia bazaltov alebo meta-

bazitov a iba skromne boli zastipené minerdly z metasedi-
mentov a pripadne aj granitoidov. Nedostatkom grandtu, ako
aj sedimentdrnym vyvojom je drietomskd jednotka blizka
jednotkdam centrdlnych Zdapadnych Karpat.

h. Maninska jednotka sa vyznacuje pomerne nerovnomer-
nym zastipenim grandtu, zirkénu, rutilu, turmalinu a apatitu.
Tidto nerovnomernost naznaduje, Ze niektoré vyskyly uvi-
dzané v mapdch ako maninska jednotka mézu v skutoénosli
patril do odlignych jednotiek. Vzorky s vy$sim obsahom tur-
malinu a s obCasnym chybanim grandtu pripominaji jednotky
z centrdlnych a vnitornych Zipadnych Karpdt. Z porovnania
vychodi aj to, Zze vzorky z maninskej jednotky st pre uvedené
priciny dost odlisné aj od vzoriek z pienidnych jednotick.
Mikrosondové analyzy odhalili pritomnost pyropovo-
nou skimanych jednotiek bradlového pisma aj s lokalitami
tatrika vo Velkej Fatre.

i. Klapskd jednotka (bradlo Klape) sa vyznaCuje prevahou
grandtu a turmalinu nad zirkénom a rutilom. Podobnost s pic-
nidnymi jednotkami je opil naruSend zvysSenym obsahom
turmalinu, ktory je typicky pre jednotky centrdlnych a vnu-
tornych Zipadnych Karpdt. Podobne ako pri predehddzajice)
jednotke sa aj tu nasli pyropovo-almandinické grandly.

Na ziklade analyzy tazkych minerdlov do klapskej jednotky
zaradujeme aj lokality v Krivokldtskej doline, ktoré Jurko-
vitovd (1980) v diplomovej prdci zaradila do drictomskej
jednotky.

j. Pienidné jednotky si charakteristické prevahou grandtu,
zirkénu, rutilu a turmalinu (v uvedenom poradi). Takdlo aso-
cidcia je typickd pre liasovu aj dogerski cast pienidnych jed-
notiek, ba i pre juzné okraje stabilnej Eurdpy vritane gres-
lenského bradlového pdasma a podsunutej casti Ceského
masivu pod ¢elnou predhlbiiou a flySovymi Karpaimi. Tieto
oblasti pravdepodobne tvorili jednu spoloént provineiu dis-
tribiicie tazkych minerdlov. Analyza grandtov z pienidnych
jednotiek, ako aj maninskej a klapskej jednotky naznacuju.
ze zdrojovii oblasl tvorili prevaZzne granulity alebo eklogity
(vy3si obsah Mg). V sicasnosti je takou oblastou moldanu-
bikum Ceského masivu. ale podobnos( v zloZzeni grandtov
oslabuju rozdiely zistené pri analyze obliakového materidlu
dogeru a liasu pienidnych jednotiek. Niekolko hornin tohto
typu nie je v moldanubiku zastipenych. Riefenie tohto prob-
Iému azda prinesie dalsi vyskum.



