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Abstract

Chemical analyses of detrital garnets from the Jurassic sediments of the Pieniny Klippen Belt and
from the Central Western Carpathians yielded important information with possible application in the pa-
leogeographic investigations in Mesozoic of the Western Carpathians. From the Pieniny Klippen Belt,
five samples of the Lower Jurassic rocks were analysed from localities Klape (Klape Unit?), Manin
Narrows (Manin Unit), Sedliacka Dubovd, Liity Potok and Krdsna Horka (the latter three samples are
from the NiZnd Unit). Along with these samples, Middle Jurassic samples from Hatné (Czorsztyn Unit),
Vrsatec (Czorsztyn Unit) and Horné Srnie — Samasky (Pruské Unit) were analysed, too. From the Cen-
tral Western Carpathians, three samples were analysed from localities Maly Siprit (Tatric Unit of the
Velkd Fatra Mts.). Ciertaze (Krizna nappe, Fatricum of the Mald Fatra Mts.) and Prasnik (Nedzov
nappe, Hronicum?, Cachtické Karpaty Mts.).

Along with some usual almandinic garnets, all the samples from the Pieniny Klippen Belt (including
Klape and Manin units) contained predominantly garnets with higher pyrope component (Mg) which
reached 30 to 50 %. Their likely source-rocks were granulites and eclogites which, however. lack in
the Central Western Carpathian crystalline complexes and even in the neighbouring Brunovistulicum
(easternmost zone of the Bohemian Massif). Their source can be placed to the Moldanubian Zone of
the Bohemian Massif. from which also the basement crustal segments of the Pieniny Klippen Belt units
(including even the Manin and Klape? units) might be derived. The closest granulite occurrences are
situated in the Moldanubian Zone. only about 130-140 km west of the recent westernmost outcrops of
the Pieniny Klippen Belt.

Relatively rich contents of such garnets, together with exotic granulitic pebbles, were reported also
from the Flysch Belt. They also indicate a source area of detrital material with granulites and eclogites
similar to the Moldanubian Zone.

In the Central Western Carpathian samples, garnets compositionally close to those from the Tatric-
Veporic crystalline complexes were found (predominantly almandine. less grossular or spessartine
resp.). They came from the greenschist to high-grade amphibolite metamorphic facies, which corres-
ponds well with the Western Carpathian metamorphics, e.g. phyllites. mica-schists, gneisses amphiboli-
tes and/or amphibolitized eclogites. The most problematic, however. was a source of a few garnet
grains from the Maly Sipruii locality. which reached 35-49 % content of the pyrope component. Rocks
with garnets of such a high pyrope content have never been found so far in the Central Western Car-
pathian crystalline complexes. They display eclogitic rather than granulitic origin. An explanation can
be found, perhaps, in a source placed externally from the Central Western Carpathians as the Maly Si-
priii locality represents rocks from the most external Tatric zone, so called Siprif Trough. Another,
though local possible source of these garnets may be the remnants of high-grade metamorphics of the
Hercynian lower crust origin in the Tatric crystalline complexes (so-called leptyno-amphibolite com-
plex of the Western Carpathians) which include amphibolitized eclogites.

Key words: Jurassic paleogeography, Western Carpathians, Pieniny Klippen Belt, Bohemian Massilf,
garnets. granulites, eclogites

Introduction

Pieniny Klippen Belt is the most tectonically compli-
cated zone in the Western Carpathians. Its complex struc-
ture resulted from multiphase deformation that affected
this zone during its evolution. The resulting structure is a
melange of numerous paleogeographically different tecto-
nic units which originated even hundreds of kilometres
away from each other and now occur commonly even in

distances of several metres due to significant shortening.

The Pieniny Klippen Belt involves mostly the Oravic
Units (sensu Mahel, 1986), coming from an independent
paleogeographic domain belonging to the Outer Western
Carpathians (Czorsztyn, Pruské, Niedzica, Czertezik, Ky-
suca-Pieniny and some other units), as well as the units
of unknown origin, e.g. Klape, Manin and Drietoma
units which are frequently attributed to the Central Wes-
tern Carpathians. However, it is necessary to stress that
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provenance of none unit of the recent Pieniny Klippen
Belt has been reliably proved. Because of the strong crus-
tal shortening, all the units are incomplete. Only Jurassic
and Cretaceous sedimentary cover is commonly preserved;
the older stratigraphic levels, together with their crystalli-
ne basement were destroyed. This crustal segment was
probably subducted, together with surrounding oceanic
crust, under the overriding amalgamated plate of the Cen-
tral and Inner Western Carpathians. Reconstruction of the
original position of the Pieniny Klippen Belt units is
then very difficult. Study of their Jurassic-Cretaceous fa-
cial relationship can reveal just some aspects of their pa-
leogeographical position, but the main question remains:
where did they come from?

One of the methods, used several times in paleogeogra-
phic reconstructions of the Pieniny Klippen Belt, mainly
in its convergent and collisional Cretaceous period, was
the heavy mineral analysis. Recently, the heavy mineral
analysis of the Western Carpathian Jurassic sediments
brought interesting data which shed light on some aspects
of paleogeographic reconstruction of the Western Carpat-
hian synrift evolution stage (Aubrecht, 1993, 1994; Aub-
recht and Kristin, 1995). The analyses were aimed at de-
termination of provenance of the detrital material and the
mutual relationship among the Western Carpathian units
in the time of Jurassic rifting. Further sampling, together
with the variation analysis (chemical and morphological
division of heavy mineral grains — see Morton, 1985), re-
vealed new facts that may play an important role in the
paleogeography of the Western Carpathians.

Importance of garnet, seemingly an ordinary compo-
nent of heavy mineral spectra, was for a long time unde-
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restimated in the Western Carpathians. Except of Neoge-
ne sediments, where there were some attempts to use che-
mistry of this mineral group as a provenance indicator
(Uher and Kovag, 1993), the results from older sediments
were missing.

The first information on detrital garnet compositions
from the Flysch Belt of the Outer Western Carpathians
was published by Otava et al. (1997, 1998). Their results
showed that some portion of the detrital garnets from the
Cretaceous and Paleogene sediments of the Magura Fly-
sch Zone possess an almandine-pyrope composition that
is typical for garnets coming from granulites and/or eclo-
gites. Since these rocks are specific, the mentioned aut-
hors think the source area was similar to the Moldanu-
bian Zone of the Bohemian Massif where they occur in
huge masses.

Recently, chemical analyses of detrital garnets were car-
ried out from the Lower and Middle Jurassic sediments at
11 West Carpathian localities, mostly from the Pieniny
Klippen Belt. Their results are the topic of this paper.

Location and geological setting of the sampled sites

The localities include the Early to Middle Jurassic sedi-
ments from Czorsztyn, Pruské, Niznd, Manin and Klape
units of the Pieniny Klippen Belt (the latter represents
just Klapy Hill of uncertain position) and Tatric, Krizna
and Nedzov units of the Central Western Carpathians. As
a rule, the Pieniny Klippen Belt samples were garnet-do-
minated, whereas the second group of samples was deple-
ted in garnet (maximum content of detrital garnet found
in the Central Western Carpathians was 12 % in the Tat-
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Fig. 1. Position of the sampled localities within the frames of the West Carpathian geological structures. Legend: | — fill of the Neogene basins.

2 — Neogene volcanics, 3 — Paleogene basins, 4 — Outer Flysch Belt units, 5 — Inner Flysch Belt units, 6 — Pieniny Klippen Belt — Oravic units.
7 — Sennonian of the Central and Inner Western Carpathians, 8 — Tatric units, 9 - Fatric units, 10 — Veporic Unit, 11 — Gemeric Unit, 12 — Hronic

units, 13 — Silicic units s.1., 14 — Meliaticum, 15 — Turnaicum, Zemplinicum,

other units of the Inner Western Carpathians.
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ric Unit of the Velkd Fatra Mts.). The reason of the gar-
net depletion in the Jurassic deposits of the Central Wes-
tern Carpathians is unknown. Either an intrastratal disso-
lution or resedimentation from pre-existing older rocks
are the most likely possibilities (Aubrecht, 1994, Aub-
recht and Kristin, 1995).

The studied localities are as follows:

Localities of the Pieniny Klippen Belt

Visatec — locality occurs in the area of VrSatec Klip-
pes, | km NE from the village Vriatecké Podhradie at the
blue-marked tourist route going to Cerveny Kameii. The
sample represents Bajocian white sandy crinoidal limesto-
ne (Smolegowa Fm.) with small quartz pebbles in the
upper slice of the Czorsztyn Unit. The locality was de-
scribed by Misik (1979; profile I1.).

Hatné —a quarry occurring directly at the road connecting
Udi¢a and Hornd Marikova villages, near the cemetery of
the Hatné village. The sample was taken from red sandy
crinoidal limestones of Bathonian age (Krupianka Fm.)
likely belonging to the Czorsztyn Unit. The locality was
described by Aubrecht and Sykora (1998).

Horneé Sinie — Samdsky — a profile of the Pruské Unit
along a roadcut within the area of the local cement factory
quarries near Horné Srnie village. The sample was taken
from the Bajocian-Bathonian sandy crinoidal calciturbidite
(Samasky Fm.) The locality was described by Aubrecht
and Ozvoldova (1994).

Lity Potok — a conspicuous klippe in the valley of
Dlzniansky Cickov creek (formerly called Lity potok), at
foot of Vysoky grifi hill (849 m), W of Krivd village in
Orava territory. The locality was described by Andrusov
(1938) and Misik et al. (1995). The latter authors ascribed
the locality to Niznd Unit. The sample was taken from
red sandy crinoidal limestone of Pliensbachian age.

Krdsna Hoérka — an old abandoned quarry N of Niznd
(Orava territory). It represents the type locality of the
Nizna Unit (Scheibner, 1967). The sample was taken
from arcosic sandstones to sandy crinoidal limestones of
Sinemurian age.

Sedliacka Dubovd — a conspicuous klippe Skalka be-
hind the local farm. The sample was taken from sandy
crinoidal limestones to arcosic sandstones of the Early Ju-
rassic age.

Manin Narrows — the type locality of the Manin Unit.
The sample was taken from sandy Lower Jurassic limestone.

Klape — a hill consisting of Lower to Middle Jurassic
limestone block, likely representing a huge olistolite in
the flysch of the Klape Unit (Marschalko, 1986). The
sample was taken from sandy crinoidal limestone near the
top of the hill (likely Toarcian — see Began, 1962).

Localities of the Central Western Carpathians

Maly Sipriii — well-known hill in the Velkd Fatra
Mts. The sample was taken from Lower Jurassic sandy li-
mestone (Trlenskd Fm. - see Bujnovsky et al., 1979) of
Tatric Unit, near the top of the hill.
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CiertaZe — a small ridge towards Osnica Hill in the
Mal4 Fatra Mts., in the valley of Zdzrivka creek. The
sample was taken from black sandstone of the Early Ju-
rassic age (Kopienec Fm.) of the KriZna Nappe.

Prasnik — northern slope of Tlstd hora Hill (426 m),
south of Pra$nik village, near Vrbové. The locality repre-
sents one of the remants of Jurassic sediments of the Ne-
dzov Nappe. An original sedimentary area of this highest
nappe (in geological continuation of the Malé Karpaty
Mits.) used to be placed either to Hronic or to Silicic zone.
The sample was taken from the Lower Jurassic grey orga-
nodetrital limestone with slight sandy admixture.

Chemical composition of the detrital garnet grains

Differences in garnet compositions result from isomor-
phic mixing of the garnet end-members (most commonly
almandine, pyrope, spessartine and grossular). Different
composition of wall-rocks and wide range of PT condi-
tions during formation of garnet cause significant diffe-
rences also in their chemical compositions. Therefore,
garnets are very valuable mineral group in geological re-
constructions.

This was the reason we have focused on the detrital gar-
net composition in reconstruction of the source-rocks of
the Jurassic sediments from selected localities in the Wes-
tern Carpathians. We have entirely analysed 84 grains of
detrital garnets from the Lower and Middle Jurassic sedi-
ments of the Western Carpathians. The microprobe analy-
ses were carried out in CLEOM laboratory of the Come-
nius University, as well as in the Geological Survey of
Slovak Republic. The selected representative analyses are
in Tabs. 1-4.

All the analysed garnet grains represent chemical mix-
tures of four components: almandine (Al), pyrope (Py),
spessartine (Sp) and grossular (Gr). Their chemical com-
positions are plotted in Py-Al-Gr and Py-Al-Sp ternary
diagrams (Fig. 2 A-D) with dotted areas summarizing the
garnet compositions from the Western Carpathian crystal-
line complexes (based on published literature: Spisiak and
Hovorka, 1984; Méres and Hovorka, 1989, 1991; Hovor-
ka and SpiSiak, 1986: Hovorka et al., 1987, 1990, 1992;
Hovorka and Méres, 1990, 1991; Faryad, 1995; Cambel
at al., 1990). Moreover, the FeO-MgO-MnO ternary dia-
gram (Miyashiro and Kuculu, in Antipin, 1977) was used
to display genesis of the garnets. In this diagram, four
areas of metamorphic conditions are distinguished, in
which the garnets might originate: I — greenschist facies,
II - low-temperature amphibolite facies, [II —amphibolite
facies and IV — granulite facies (Fig. 3).

Localities of the Pieniny Klippen Belt

From Vrsatec locality, 14 garnet grains were analysed.
Garnets from this locality are relatively uniform in compo-
sition (Al: 45-54 %, Py: 3649 %, Gr: 3-7 %, Sp: 0.6-3
%), with pyrope-almandine components being dominant
(Fig. 2A, Tab. 1). Lesser amount of grossular is always
present, spessartine component is negligible. Garnets of
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Fig. 2. Py-Al-Gr and Py-Al-Sp ter-
nary diagrams of chemical compo-
sitions of the detrital garnets from
the Jurassic sediments from the
Western Carpathian localities. The
dotted area represents chemical
composition of garnets from the
pre-Upper Carboniferous metamor-
phosed complexes of the Western
Carpathians (adopted from SpiSiak
and Hovorka, 1984: Méres and Ho-
vorka. 1989, 1991; Hovorka and
Spisiak, 1986; Hovorka, et al., 1987,
1990, 1992, Hovorka and Méres
1990, 1991: Faryad, 1995; Cambel
etal., 1990).

such composition are typical
for the rocks metamorphosed
in granulite or eclogite facies
(Fig. 3A). Relative depletion
in grossular component favo-
urs the granulitic origin.

From Hatné locality, 16
garnet grains were analysed.
These garnets can be compo-
sitionally divided into three
groups (Fig. 2A).

The first one (e.g. Tab. I,
sample H15) represents relati-
vely uniform pyrope-almandi-
ne garnets with small portion
of grossular and almost no
spessartine components (Al:
51-52 %, Py: 39-40 %, Gr:
8-9 %, Sp: 0.7-0.8 %). This
group of garnets possess
composition identical to tho-
se from the Vrsatec locality
(Fig.2A). Their source-rocks
were granulites.

The second group (e.g.
Tab. 1, sample H12) is domi-
nated by almandine, with py-
rope and grossular in lesser
amounts and with negligible
portion of spessartine compo-
nent (Al: 45-53 %, Py:
25-33 %, Gr: 17— 28 %, Sp:
1.5-1.8 %). This group is
again similar to the garnets
from Vrsatec locality (Fig.
2A) but it differs by a higher
content of grossular compo-
nent. Therefore, the most li-
kely source-rocks of these
garnets were eclogites.

The third group (e.g. Tab.
I, sample H2) consists of
spessartine-almandine, with
lesser amounts of pyrope and
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Fig. 3. Chemical composition of the detrital garnets from the Jurassic
sediments from the Western Carpathian [ocalities in FeO-MgO-MnO
ternary diagrams. The individual fields represent various metamorphic
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grossular (Al: 41-44 %, Py: 15-17 %, Gr: 7-11 %, Sp:
31-34 %). Such garnets are typical for rocks metamor-
phosed in low-temperature amphibolite facies (Fig. 3A).
Their probable source rocks were mica-schists or gneisses.

From Horné Srnie — Samdsky locality, 12 garnet gra-
ins were analysed. These garnets can be again divided into
3 groups (Fig. 2A). They have commonly pyrope-grossu-
lar-almandine composition, with negligible spessartine
component. However, these groups differ by the ratio of
the dominant components.

The first group (2 grains — Fig. 2, Tab. 1, sample HS
7) differs by increased pyrope and decreased grossular com-
ponent (Al: 46-47 %, Py: 44-45 %, Gr: 5-6 %, Sp: 2
%). This composition of garnets is typical for granulites.
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Tab. |
Selected representative analyses of detrital garnets from the Jurassic
sediments of the Pieniny Klippen Belt

Locality Hatné Vriatec Horné Srnie-Samasky
Sample H2 HI2 HI15 V10 HS-3 HS-7 HS-10
Sio, 382 396 394 395 391 403 388
ALO, 214 22 222 231 226 223 225
FeO 196 203 235 229 208 234 258
MnO 15.0 0.8 0.3 0.5 0.4 1.0 1.3
MgO 4.2 6.2 10.3 12.4 9.3 12.7 57
CaO 2.6 10.0 32 1.8 7.0 23 6.1
Total 101.0  99.0 989 1002 99.2 102.0 100.2
Pyrope 17 25 40 46 35 45 23
Almandine 43 45 51 48 45 47 57
Spessartine 33 2 1 | 1 2 3
Grossular 7 28 8 5 19 6 17

The second group (6 grains — Fig. 2, Tab. 1, sample HS
3) is dominated by almandine, followed by pyrope and gros-
sular and negligible spessartine component (Al: 44-46 %,
Py: 34-36 %, Gr: 18-21 %, Sp: 0.9-1.2 %). This compo-
sition is consistent with those of the Vriatec and Hatné lo-
calities (second group) and represents eclogitic source-rocks.

The third group (4 grains Fig. 2, Tab. I, sample HS
10) differs from the first one by its enrichment in alman-
dine and depletion in pyrope component (Al: 57-59 %,
Py: 21-23 %, Gr: 16-18 %, Sp: 2.7-3 %). Such garnets
are typical for rocks metamorphosed in amphibolite facies
(Fig. 3A). The relative depletion of pyrope with respect
to the first group of garnets from this locality can indica-
te amphibolites to amphibolitized eclogites being the
probable source-rocks.

From Liity Potok locality, 11 garnet grains were analy-
sed. These garnets show relative uniformity (except one
grain), being dominated by almandine, followed by pyro-
pe and grossular components (Fig. 2B, Tab. 2). The spes-
sartine component is negligible (Al: 46-50 %, Py:
30-33 %, Gr: 16-23 %, Sp: 0.7-1.8 %). The garnet
composition points to eclogitic source-rocks. The men-
tioned exceptional single garnet grain is enriched in al-

Tab. 2
Selected representative analyses of detrital garnets from the Jurassic
sediments of the Pieniny Klippen Belt

Locality Sedliacka Dubova Lty Potok Krdsna Horka
Sample SDIl-¢c SD2-c SD3-m LP5 LP7  KHS5 KH6
Sio, 39.1 394 376 410 399 424 414
Al O, 218 216 211 21.8 222 249 246
FeO 277 250 305 219 222 18.6 18.4
MnO 0.5 0.7 8.0 0.8 0.8 0.1 0.2
MgO 10.6 7.7 39 8.2 8.1 9.4 9.2
CaO 1.1 6.8 1.3 6.2 6.4 6.0 6.6
Total 100.8 101.2 1024 999 99.6 1014 1004
Pyrope 39 29 15 32 31 39 38
Almandine 57 52 64 48 49 43 43
Spessartine | 1 17 2 2 0 0
Grossular 3 18 4 18 18 18 19
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mandine, depleted in pyrope (Fig. 2B) and slightly en-
riched in spessartine component (Al: 72 %, Py: 5 %, Gr:
19 %, Sp: 2.9 %). This grain originated in rocks meta-
morphosed in the greenschist facies or in low-temperature
amphibolite facies (Fig. 3B), i.e. phyllites, mica-schists
or, eventually, amphibolites.

From Krdsna Hdorka locality, 6 garnet grains were
analysed (Fig. 2B). They display relative compositional
uniformity, with almandine-pyrope components being do-
minant (Tab. 2). These components are followed by gros-
sular; the spessartine component is almost missing (Al:
3943 %, Py: 34-37 %, Gr: 18-23 %, Sp: 0.3-0.5 %).
The chemical composition of the garnets points to eclo-
gitic source-rocks.

From Sedliacka Dubovd locality, only 3 garnet grains
were analysed (7 analyses). They possess variable compo-
sition (Tab. 2, Fig. 2B). The first grain (3 analyses) is of
almandine-pyrope composition, with only minor amount
of grossular and nearly no spessartine component (avera-
ge: Al: 57 %, Py: 40 %, Gr: 2.7 %, Sp: 0.4 %). The
high pyrope and low grossular contents point to granuli-
tic source-rocks (Fig. 3B).

The second grain (2 analyses) is dominated by almandi-
ne, followed by pyrope and grossular components. Spes-
sartine component is in minor amount (average: Al: 52
%, Py: 29 %, Gr: 18 %, Sp: 1.3 %). This grain might
come from eclogites.

The third sample (2 analyses) is also dominated by al-
mandine, but with increased spessartine component and
decreased pyrope and grossular components (average: Al
65 %, Py: 14 %, Gr: 3.6 %, Sp: 17 %) which corres-
ponds to low-temperature amphibolite facies (Fig. 3B)
and is typical for mica-schists and gneisses.

From Manin Narrows, 4 garnet grains were analysed.
They can be grouped into 2 groups according to their
compositions (Fig. 2C). The first group (2 analyses) is
of almandine-pyrope composition, with lesser amount of
grossular component; spessartine molecule is missing
(Al: 53-64 %, Py: 33-37 %, Gr: 3-9 %, Sp: 04 %),
which is typical for granulites (Tab. 3, sample M1).

The second group is dominated by almandine (Tab. 3,
sample M3), followed by relatively equal proportions of

Tab. 3
Selected representative analyses of detrital garnets from the Jurassic
sediments of the Pieniny Klippen Belt

pyrope, spessartine and grossular (Al: 48 %, Py: 18 %,
Gr: 16 %, Sp: 17 %). Such composition is typical for
rocks metamorphosed in amphibolite facies (Fig. 3C),
i.e. mica-schists, gneisses or amphibolites.

From locality Klape, 5 garnet grains were analysed (11
analyses). They can be grouped into 2 groups according
to their compositions. Both groups correspond to the gar-
nets from rocks metamorphosed in granulite/cclogite fa-
cies (Fig. 3C). The difference between them is just in lo-
wer amount of grossular (about 5 %) in one grain (two
analyses, Fig. 2C), whereas the pyrope component is
still high (up to 45 %). This single grain came from gra-
nulites, whereas the others are typical for eclogites.

The ratios of almandine, pyrope, grossular and spessar-
tine in various parts of analysed garnet grains (centre — ¢,
margin —~ m) differ just in the range of 1-2 % which indi-
cates that the grains are homogeneous. This fact supports
our opinion about their origin in the granulite/eclogite
metamorphic facies (Fig. 3C).

Localities of the Central Western Carpathians

From Maly Siprisi locality, 6 garnet grains were ana-
lysed. They possess very variable compositions that al-
low no strict grouping.

Five grains represent variable pyrope-almandine-grossu-
lar garnets (Fig. 2D), with minor amount of spessartine
(Al: 32-49 %, Py: 22-49 %, Gr: 8-30 %, Sp: 0.7-3 %).
Their composition indicates origin in the granulite/eclo-
gite metamorphic facies; the source-rocks were eclogites.

A single grain represents spessartine-grossular-almandi-
ne garnet, with minor amount of pyrope component
(Tab. 4, sample S1) corresponding to the greenschist fa-
cies of metamorphism (Fig. 3D). Possible source-rocks
were phyllites, mica-schists or, eventually, rocks of the
low-temperature amphibolite facies.

From CiertaZe locality, only 2 garnet grains were ana-
lysed (very low primary content of garnet in the sample).
Both of them are dominated by almandine with minor but
variable content of pyrope, spessartine and grossular com-
ponents (Fig. 2D, Tab. 4 sample C1). They correspond
to greenschist metamorphic facies (Fig. 3D). Such gar-

Tab. 4
Selected representative analyses of detrital garnets from the Jurassic
sediments of the Central Western Carpathians

Locality Klape Manin Narrows
Sample K2-¢ K3-¢ K3-m Kd-¢ K5 Ml M3
SiO, 390 393 394 392 396 379 367
AlLO; 237  23.6 243 224 225 233 229
FeO 208 237 239 250 184 248 223
MnO 0.1 0.1 0.0 1.6 0.0 0.0 7.7
MgO 9.2 11.9 12.0 7.2 10.5 9.9 4.7
CaO 7.5 1.8 1.8 6.0 8.1 33 6.0
Total 1003 1004 1014 1014  99.1 99.2 1003
Pyrope 35 45 45 27 39 38 18
Almandine 44 50 50 53 39 53 48
Spessartine 0 0 0 3 0 0 17
Grossular 21 5 5 17 22 9 17

Locality ~Ciertaze Prasnik Maly Siprin
Sample Cl Pl P2 P4 Si S5 S6
SiO, 377 392 396 390 375 408 386
AlLO; 21.1 187 219 217 211 23.1 219
FeO 324 64 277 244 216 158 214
MnO 4.8 0.6 0.5 1.9 13.9 0.4 0.9
MgO 1.3 0.0 8.1 2.2 0.9 13.3 5.9
CaO 3.1 34.6 2.6 11.8 5.4 6.9 111
Total 1004 995 1004 101.0 1004 1003 99.8
Pyrope 5 0 31 9 4 49 23
Almandine 75 13 60 54 49 32 45
Spessartine 11 1 1 4 32 I 2
Grossular 9 86 8 33 16 18 30
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nets are typical for phyllites, mica-schists or, eventually,
gneisses.

From Prasnik locality, 5 garnet grains were analysed
(garnets in the sample were also very scarce) with quite
variable composition that allows only approximate grou-
ping into three groups (Fig. 2D).

The first group of garnets (Tab. 4, sample P2) is domi-
nated by almandine (around 60 %) and a relatively high
content of pyrope (up to 31 %) and low portion of spes-
sartine (5 %) and grossular (about 10 %). These garnets
correspond to high-grade amphibolite to granulite meta-
morphic facies (Fig. 3D). Their source-rocks migh be
high-temperature amphibolites, granulites, eclogites or
amphibolitized eclogites resp.

The second group involves just two garnet grains cor-
responding to greenschist metamorphic facies or low-tem-
perature amphibolite facies resp. (Fig. 3D, Tab. 4, sam-
ple P4). Their source might be mica-schists or amphibo-
lites.

A single grain is grossular with minor amount of al-
mandine component (Fig. 2D). The spessartine and pyro-
pe components are negligible (Tab. 4 sample P1). Such
garnets are typical for erlans or scarns.

Interpretation and discussion — possible
provenance of the garnets

According to the chemical composition, the studied
garnets from the Jurassic sediments of the Pieniny Klip-
pen Belt and the Central Western Carpathians can be divi-
ded into four groups:

A group — garnets with a high pyrope content (more
than 30 %), a relatively low content of grossular (less
than 10 %) and a very low content of spessartine (less
than 3 %).

B group — to this group belong the garnets with high
pyrope content (more than 25 %), relatively high ratio
of grossular (exceeding 15 %) and very low content of
spessartine (less than 3 %).

C group — garnets with contents of pyrope ranging bet-
ween 20 and 30 %, grossular from 10 to 30 % and spes-
sartine less than 5 %.

D group — connects garnets with less than 20 % of pyro-
pe component and variable amounts of the other com-
ponents (spessartine, grossular, almandine).

The chemical compositions of all analysed garnets
plotted in ternary diagrams is in Fig. 4. The studied gar-
nets form four independent fields in the Py-Al-Gr ternary
diagram. In the Py-Al-Sp diagram, the A and B fields lar-
gely overlap each other, due to low contents of spessarti-
ne. It is evident that most of the studied garnet grains oc-
cur in the fields A and B. Characteristic feature of these
garnets is high content of pyrope in their composition.
Such garnets are typical for high-grade metamorphosed
rocks - granulites and eclogites (Fig. 3). The difference
between the groups A and B is in the content of grossular
component. The A group garnets, with relatively lower
grossular content, are typical for granulites, whereas the
B group, with higher content of grossular, represents
eclogitic source rock.

The lesser amount of studied garnets fell into the field
C. The garnets of this group differ from the previous two
groups by their lower ratio of pyrope, with moderate con-
tent of grossular. Garnets of such composition occur eit-
her in the rocks metamorphosed in high-grade amphiboli-
te to granulite metamorphic facies (gneisses, amphiboli-
tes, granulites, eclogites) or in originally high-grade me-
tamorphosed rocks (eclogites) later recrystallized in the
amphibolite metamorphic facies (e.g. amphibolitized
eclogites).

pyrope

pyrope

almandine

grossular almandine

spessartine

Fig. 4. Chemical composition of the detrital garnets from the Jurassic sediments from the Western Carpathian localities (circles) in Py-Al-Gr and
P)f—Al—Sp ternary diagrams with distinguished four principal groups of ga:nets: A — garnets coming from granulitic source-rocks, B — garnets co-
ming from eclogitic source-rocks, C — garnets coming from gneisses, amphibolites, granulites, eclogites or amphibolitized eclogites resp., D — gar-

nets coming from phyilites, mica-schists, gneisses and amphibolites.
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pyrope

pyrope

almandine

grossular

almandine spessartine

Fig. 5. Py-Al-Gr and Py-Al-Sp ternary diagrams with A, B, C, D fields of detrital garnets from the Jurassic sediments of the Western Carpathians
(see Fig. 4), E field of pre-Upper Carboniferous metamorphosed rocks of the Western Carpathians (see Fig. 2), F field of granulites and eclogites
of the Moldanubian Zone (adopted from Dudek 1971, O’Brien and Vrdna 1995; Beard et al., 1992, Carswell and O'Brien, 1993 Medaris et al.,

1995, Medaris et al., 1998).

The least of the studied garnets belongs to the D group.
They have variable ratios of Py, Al, Sp and Gr. Such gar-
nets are typical for rocks metamorphosed in the green-
schist to amphibolite facies, e.g. phyllites, mica-schists,
gneisses and amphibolites.

The samples from the Jurassic sediments from the loca-
lities Horné Srnie-Samdsky, VrSatec, Krasna Horka and
Klape yielded garnets coming evidently from the high-
metamorphosed rocks — granulites and eclogites (Fig. 2
A, B and C, Fig. 3 A, B, and C). The samples from the
other localities of the Pieniny Klippen Belt, i.e. Lity Po-
tok, Sedliacka Dubova and Manin Narrows, are dominated
by similar garnets, with lesser amounts of garnets co-
ming from mica-schists, gneisses, amphibolites and/or
amphibolitized eclogites.

In the pre-Upper Carboniferous metamorphic comple-
xes of the Western Carpathians, rocks metamorphosed in
the greenschist to amphibolite facies (phyllites, mica-
schists, gneisses and amphibolites) are most common
(Kamenicky, 1967). Rocks of the high-temperature am-
phibolite to granulite/eclogite facies occur sparsely, just
in the leptyno-amphibolite complex of the Western Car-
pathians (Hovorka et al., 1992, 1994, 1997). In this
complex, garnet-pyroxene metabasalts, amphibolitized
eclogites and high-grade metamorphosed gneisses occur as
xenoliths (Hovorka and Méres, 1989, 1993; Hovorka et
al., 1990, 1992; Jandk et al., 1994, 1996, 1997; Jandk
and Luptdk, 1997). However, the published chemical ana-
lyses of garnets from these metamorphic rocks possess
pyrop component less than 30 %. The chemical composi-
tion of the pre-Upper Carboniferous metamorphic rocks
of the Western Carpathians is in Figs. 2 and 5.

Comparison of the garnet composition from the Juras-
sic sediments with those from the Western Carpathian
metamorphics shows following facts:

a) all the studied garnets of the A and B groups from the
Jurassic sediments are significantly different in their compo-
sition, namely in their high content of pyrope component,

b) the composition of garnets from the C and D groups
is comparable with that of the Western Carpathian meta-
morphics.

This considerable difference (Fig. 5) excludes the Wes-
tern Carpathian pre-Upper Carboniferous crystalline com-
plexes as a possible source area of most of the analysed
detrital granets, especially from the Pieniny Klippen Belt
units. High content of pyrope component in these garnets
indicates that their source rocks were granulites and eclo-
gites. From the regional point of view, their most likely
source was Bohemian Massif. In the Moldanubian Zone
of the Bohemian Massif, there are numerous occurrences
of granulites and eclogites (Dudek and Fediukova, 1974;
Misaf et al., 1983; Fiala et al., 1987; O’Brien and
Carswell, 1993; O’Brien and Vrana, 1995; Medaris et al.,
1995; Beard et al., 1992). The nearest granulites occur in
the Moldanubian Zone of the Bohemian Massif in Aus-
tria, about 130-140 km west of the recent westernmost
occurrences of the Pieniny Klippen Belt.

The most important is that rocks as granulites were re-
ported neither from other zones of the Bohemian Massif
(except two small occurrences in the Western Sudetes —
Gory Sowie Block and the Snieznik area complex — Oberc,
1972; Smulikowski, 1967; Kryza et al., 1996), nor from
the Western Carpathian crystalline complexes. Granulites
are frequent among the exotic pebble material in the Sile-
sian Unit (Wieser, 1985), which suggests that the exotic
Silesian Cordillera represented also a crustal segment simi-
lar to the Moldanubian Zone. However, the detrital pyrope-
almandine garnets, coming most probably from the Molda-
nubian Zone, have been found also in the easternmost zo-
nes of the Early Carboniferous sediments in Moravia (Ota-
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va, 1998) which may provoke a speculation on resedimen-
tation of the Pieniny Klippen Belt garnets from this sour-
ce. This would led, however, to considerable decrease of
garnet amounts in the final sediment, which is not the ca-
se. In our opinion, the source of the garnets was primary.

Chemical composition of garnets from the Moldanubic
granulites and eclogites is summarized in Fig. 5 (field F).
Their perfect correspondence to the composition of most of
the studied detrital garnets from the Jurassic sediments of
the Pieniny Klippen Belt (namely the groups A and B) is
cvident and suggests that the crustal segment representing
the basement of most of the Pieniny Klippen Belt Units
was derived from this Hercynian zone. It is consistent with
paleogeographic evolution of the Western Carpathians pre-
sented by Vasicek et al. (1994). The northeastward move-
ment of the Oravic crustal segment after Jurassic would be
consistent with the presumed general movement of the
Central Western Carpathian segment. However, placing
the Oravic segment at the Moldanubic margin contradicts
to the data obtained from pebble analysis (Birkenmajer et
al., 1960; Krawczyk and Stomka, 1987; Misik and Aub-
recht, 1994). Neither granulitic, nor eclogitic detritus has
been reported from the Oravic units. However, many of the
reported rocks (e.g. various types of gneisses, porphyries
etc.) do occur in the Moldanubicum, hence the question of
the Oravic provenance still remains open.

The common presence of the pyrope-almandine garnets
also in the Manin Narrows and Klape localities is stri-
king. Though the original paleogeographic position of
the Manin and Klape units is uncertain, they are com-
monly attributed to the Central Western Carpathians. The
Manfn Unit was considered to be related to the Tatric do-
main by Andrusov (1938), then to the Picniny Klippen
Belt s. s. by Salaj and Samuel (1966} and later to Fatric
by Mahel (1978). The Klape Unit was considered to re-
present an accretionary wedge in front of, or better along,
the overriding Central Western Carpathian plate (Mar-
schalko, 1986; Misik and Marschalko, 1988; Birkenma-
jer, 1988; Sotdk, 1992). On the contrary, Plasienka
(1995) stated that Klape Unit originated in the Fatric sedi-
mentary area and it represents the highest part of the Kriz-
na Nappe, detached and slided to its present position whe-
re it was subsequently tectonically involved into the Pie-
niny Klippen belt structure. There is also a problem of
position of Klape Hill itself. This single large Jurassic
Klippe occurs amidst the Cretaceous flysches that form
the main portion of the Klape Unit. It is not clear whet-
her it represents a block tectonically involved into this
zone (Kysela, 1984) or it is a huge olistolith that slided
into the flysch basin from the Andrusov Exotic Ridge
(Marschalko, 1986). Anyhow, the data obtained from the
Klape Hill are not automatically valid for the entire Klape
Unit. There were some findings of eclogites among the
exotic pebbles in the Klape Unit but with different com-
position of garnets (Simové, 1982; Simov4 and Samajo-
vd, 1981). They contain only 28 % of pyrope component
which is depleted with respect to our results.

Our results of the heavy mineral analysis display prin-
cipal differences in composition of the heavy mineral
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spectra in the Jurassic sediments of the Pieniny Klippen
Belt and the Central Western Carpathians. All the units
in the Pieniny Klippen Belt (including Manin Narrows
and Klape localities) are garnet-dominated, whereas the
Central and Inner Carpathian units are dominated by the
most stable heavy mineral group - turmaline, zircon and
rutile (Aubrecht, 1993; Aubrecht et al., 1997 and unpub-
lished reports). Moreover, the results of chemical compo-
sition of the garnets presented in this paper are in favour
of the theory about attribution of the Manin and Klape
units to the Oravic domain. The garnet-dominated heavy
mineral spectra in the Pieniny Klippen Belt are consistent
with those from the Gresten Zone of the Eastern Alps
(Faupl, 1975) and from the autochthonous Jurassic cover
of the Bohemian Massif below the overthrust Carpathians
(Stelel et al., 1972, 1977). In our opinion, all these do-
mains represent a single heavy mineral province, inde-
pendent from the Central and Inner Western Carpathians.
Chemical composition of the detrital garnets from the
Jurassic sediments of the Central Western Carpathians
(Maly Sipran, Prasnik and Ciertaze) is widely dispersed
(Fig. 2 D). They include garnets coming from the green-
schist to high-grade amphibolite metamorphic facies (Fig.
3 D), which corresponds well with the West Carpathian
metamorphics, e.g. phyllites, mica-schists, gneisses am-
phibolites and/or amphibolitized eclogites. Just one grain
of grossular garnet from the Pra$nik locality came most
likely from an crlan or scarn. The most problematic, ho-
wever, was a source of three garnet grains from the Maly
Siprin locality, which reached 35-49 % content of the
pyrope component. Rocks with garnets of such a high py-
rope content have never been found so far in the Central
Western Carpathian crystalline complexes. These detrital
garnets are similar to those from the Pieniny Klippen
Belt, but they display eclogitic rather than granulitic ori-
gin (higher portion of grossular). An explanation can be
found, perhaps, in a source placed externally from the
Central Western Carpathians. According to Michalik
(1994), the Central Western Carpathians were originally
situated much more westward opposite to Armoricia in
the Triassic-Early Jurassic time. Indeed, there is some
exotic material, especially detrital tourmaline grains and
tourmalinic rocks which occur in higher amounts in the
Mesozoic sediments of the Central Western Carpathians,
but are very scarce in the Tatro-Veporic crystalline com-
plexes (Misik and Jablonsky, 1978; Aubrecht, 1994,
Aubrecht and Kristin, 1995). The transport directions me-
asured in Permo-Scythian quartzites of the LiZna Forma-
tion in the Malé Karpaty Mts., where even exotic tourma-
linic rocks occur, pointed to transport from NW to SE,
i.e. from the outer zones inward (Misik and Jablonsky,
1978). The Maly Siprifi locality represents rocks from
the most external Tatric zone, so called gipraﬁ Trough.
This trough was presumably adjacent to the Penninic do-
main, i.e. in the Triassic-Early Jurassic time it was situa-
ted at the very neigbourhood to the North European Plat-
form at Armoricia (Michalik, 1994). This zone might re-
present also a source-area of Tatric tourmalinic exotics and
the rare eclogitic garnets, too. Another possible source of
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these garnets may be the remnants of high-grade metamor-
phics including amphibolitized eclogites in the Tatric
crystalline complexes (Hovorka and Méres, 1989, 1993,
Hovorka et al., 1990,1992; Janak et al., 1996, 1997; Ja-
nak and Luptdk, 1997). However, this question deserves a
special treatment. Further sampling and analyses are plan-
ned to be done in the Tatric Jurassic rocks.

Conclusions

. New results of chemical analyses of detrital garnets
from the Western Carpathian Jurassic sediments showed
that the Pieniny Klippen Belt Units (Oravic units, Manin
and Klape units) contain common pyrope-almandine gar-
nets originated in high-grade metamorphic rocks of granu-
litic and eclogitic character.

2. Their probable source was similar to the Moldanu-
bian Zone of the Bohemian Massif. In our opinion, the
Oravic crustal segment was derived from this Hercynian
zone. There are, however, some contradictions opposing
the Moldanubian origin, such as absence of granulitic
pebble-sized detritus in the Oravic sediments and presence
of the Permian acid volcanics that are absent in the Mol-
danubic Zone.

3. Based on our results, Manin and Klape units (Klape
Hill) were related to the Oravic crustal segment rather
than to the Central Western Carpathians.

4. The samples from the Central Western Carpathians
reflect provenance from normal Tatric-Veporic type of
crystalline complexes, except three garnet grains found in
Tatric Unit coming from eclogites that are of exotic ori-
gin. Their source might be located either externally of the
Jurassic position of the Central Western Carpathian crus-
tal block or in eclogitic remnants embedded in the high-
grade metamorphic complexes of the Central Western
Carpathians, such as LACWECA of Hovorka and Méres
(1993) and Hovorka et al. (1992, 1994, 1997). However,
there are further investigations needed to resolve this
problem.
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Odkial pochddzajui exotické klastické pyropovo-almandinové granaty v jurskych sedimentoch
pieninského bradlového pasma a tatrika?

Chemické analyzy klastickych grandtov z jurskych sedi-
mentov bradlového pdsma a centrdalnych Zdpadnych Karpdt
poskytli zdvazné informdcie aplikovatelné v paleogeogra-
fickom vyskume mezozoika Zapadnych Karpat.

Z bradlového pdsma sa analyzovali vzorky liasovych hor-
nin z lokality Klapy (klapskd jednotka?), Maninska tiesiava
(manfnska jednotka), Sedliacka Dubov4d, Liity potok a Krdsna
hérka (v8etky niZnianska jednotka). Okrem toho boli analy-
zované aj vzorky z dogerskych lokalit pieninskych jedno-
tiek, ako je Hatné (czorsztynskd jednotka), VrSatec (czorsz-
tynskd jednotka) a Horné Srnie-Samdsky (pruskd jednotka).
Z centrdlnych Zdpadnych Karpdt sa skimali vzorky z Malého
Siprifa (tatrikum Velkej Fatry), Ciertaze (fatrikum Male]
Fatry) a Prasnika (nedzovsky prikrov, Cachtické Karpaty).

Z analyz vychodia nasledujice vysledky. VSetky vzorky jur-
skych sedimentov z bradlového pdsma obsahovali pyropovo-
-almandinové, resp. pyropovo-grossuldrovo-almandinové gra-
ndty s vy$$im obsahom pyropovej molekuly (prejavuje sa
zvySenym obsahom Mg), a to 30 az 50 %. Ich zdrojovymi hor-
ninami boli pravdepodobne granulity a eklogity, ktoré sa vSak
v centrdlnokarpatskom krystaliniku, no ani v prilahlom bru-
novistuliku nevyskytujd. Ich zdroj predbezne kladieme do ob-
lasti moldanubika Ceského masivu, z ktorého sa mohli derivo-
vat korové segmenty podloZia jednotiek bradlového pdsma,
a to vrdtane maninskej a klapskej jednotky (resp. iba bradla Kla-
py). Najblizsie vyskyty granulitov a eklogitov sa nachddzaju
v moldanubiku Ceského masivu, asi 130—140 km na Z od dnes-
nych najzdpadnejsich lokalit pieninského bradlového pasma.

Umiestnenie oravického krystalinického podloZia do mol-
danubika je v3ak v rozpore s niektorymi ddajmi z analyzy
obliakov z jury jednotiek oravika (Birkenmajer et al., 1960;
Krawczyk a Stomka, 1987; Misik a Aubrecht, 1994), v kto-

rych sa granulitické ani eklogitické klasty nezistili. Vela
opisanych hornin (napr. rozli¢né typy rul, porfyry a pod.) sa
v moldanubiku vyskytuje, ale otdzka proveniencie tychto
jednotiek je stdle otvorend.

Pomerne vela takychto grandtov sa naslo aj vo flySovom
pdsme (Otava et al., 1997, 1998). Aj ony signalizuji osobit-
ny zdroj klastik, v ktorom boli podstatne zastipené granuli-
ty, resp. eklogity. Granulity su Casté aj v exotickom oblia-
kovom materidli zo sliezskej kordiléry (Wieser, 1985), ¢o
sved¢i o tom, Ze aj exotickd sliezska kordiléra bola kérovym
segmentom podobnym moldanubiku.

Vo vzorkdch z centrdlnych Zdpadnych Karpdt sa zazname-
nali prevazne grandty zloZenim blizke grandtom z tatrovepo-
rického krystalinika (prevazne almandinické, v menSej mie-
re grossuldrové, prip. spessartinove), ale istym prekvape-
nim boli tri analyzované zrnd z Malého Siprina, ktoré tiez
maju vy$§i podiel pyropovej molekuly. Pravdepodobne po-
chddzaju z eklogitov exotického pdvodu, azda zo zdroja
v jurskom obdobi mimo centrdalnych Zapadnych Karpdt, v kto-
rych bol Siprinsky trog okrajovou zénou. Do tohto zdroja
kladieme aj pdvod exotickych turmalinickych klastik a detri-
tického turmalinu (Mi§ik a Jablonsky, 1978; Aubrecht,
1994; Aubrecht a Kristin, 1995). Potencidinym zdrojom
tychto grandtov mohol byt aj spodnokdrovy hercynsky lep-
tynitovo-amfibolitovy komplex (LACWECA - Hovorka
a Méres, 1993; Hovorka et al., 1992, 1994, 1997), v ktorom
sa zistila rula metamorfovand vo vysokej amfibolitovej az
granulitove) fdcii a enkldvy amfibolitizovanych eklogitov
(Hovorka and Méres, 1989, 1993; Hovorka et al., 1990,
1992; Jandk et al., 1994, 1996, 1997; Jandk and Luptdk,
1997). Ale odpoved na tito otdzku mézu dat az dalie analyzy
z tejto, ako aj z inych lokalit centrdinych Zdpadnych Karpat.



