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Abstract: The composite Borka Nappe (Meliatic Superunit) is built up by a stack of partial nappes representing
the lithotectonic formations of oceanic and continental affinity which underwent of the HP/LT subduction zone
metamorphism but differ in metamorphic paths. Oceanic formations of the Mesozoic age are formed by sedimentary
mélanges containing mostly igneous and sedimentary rocks of the intraoceanic suprasubduction origin, in lesser
amount only basalts and deep-sea sediments of the ocean floor. Mélanges were originated as components of
an accetionary prism during Late Jurassic subduction of the Meliata Ocean slab. Volcano-sedimentary formations
of the continental provenance are the Early Palacozoic and Permian in age and were involved in the subduction
zone in the final collisional stage of the Meliata Ocean closing.

Introduction

Although most geologists are familiar with the idea, that
the HP/LT metamorphosed rock complexes are former
components of oceanic plates involved in subduction
zones, the reality could be quite different and variable
rocks complexes including those of the continental
provenance can be present there. The aim of this work is
to introduce a new scheme of lithological division of
the HP/LT metamorphosed composite Borka Nappe
and to decode the complex geological history of
individual lithotectonic units connected with the final
stages of evolution of the Mesozoic Meliata Ocean
basin.

Geological backround

Eoalpine orogeny in the Western Carpathians is sup-
posed to be related to the closing and further tectonic
history of the Triassic—Jurassic Meliata Ocean. Relics of
rocks complexes directly related to this ocean are pre-
served in inner Western Carpathians southward of the
Lubenik—Margecany line and are denoted as the Meliatic
Superunit. The composite Borka Nappe is a one of sub-
units of the Meliatic Superunit and it is positioned
between the Paleozoic volcano-sedimentary units of the
Gemeric Superunit (the Gelnica and Gocaltovo Groups)
and carbonate complexes of the Triassic Silica Superunit.
Unlike other part of the Meliatic Superunit, the Borka
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Nappe is built up exclusively by HP/LT metamorphosed
rocks of a wide age interval from the Early Palaeozoic to
Mesozoic (Mello et al. 1998; Faryad & Frank 2011).
The Borka Nappe is a nappe stack composed of several
partial nappes (or slices) where every nappe is repre-
sented by the individual lithostratigraphic (lithotectonic)
formation. Tectonic structure seems to be a product of
several nappe-forming events finally modified during
the Upper Cretaceous.

Lithotectonic division of the Borka Nappe

Our proposal of a new scheme of lithotectonic units
composing of the Borka Nappe is improved and modi-
fied version of the older preliminary concept developed
by Ivan (2007). Based on the present-day state of know-
ledge six following lithotectonic formations can be
discerned in the Borka Nappe: (1) Nizna Sland Fm.,
(2) Jasov Fm., (3) Buc¢ina Fm., (4) Hacava Fm.,,
(5) Kobeliarovo Fm., and (6) Steinberg Fm. Up to now
still remain questionable definition of further (7) Rudnik
Fm. due to paucity of necessary data. According to their
age, these formations can be classified into three groups:
(1) Early Paleozoic units (Nizna Slana and Rudnik
Fms.), (2) Permian units (Jasov and Bucina Fms.) and
Mesozoic units (Hacava, Kobeliarovo and Steinberg
Fms.). Only Mesozoic units are directly related to
the oceanic environment and contain rocks originated
as components of an oceanic basement, whereas
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the Paleozoic formations display continental prove-
nance. More or less preserved original stratigraphy is
typical for continental units unlike formations of oceanic
origin representing sedimentary ophiolite mélanges.
All discerned units experienced HP/LT metamorphic
alteration but they display marked differences in the
metamorphic paths.

Lithotectonic units in the Borka Nappe
Hacava Formation

Hacava Fm. is a HP/LT metamorphosed sedimentary
ophiolite mélange containing blocks of ophiolitic and
also non-ophiolitic rocks various in size (typically first
metres or first tens metres) embedded in matrix com-
posed of mostly pelitic, rarely also psammitic clastic
sediments metamorphosed as a whole in the blueschist
facies conditions. Ophiolitic rocks are represented by
metabasalts and metadolerites, less frequently also by
strongly serpentinized ultramafics and rare metagab-
bros. Metamorphosed black or red deep-sea silicic sedi-
ments are present as well. Group of non-ophiolitic rocks
forms blocks of white or grey marbles, rarely metamor-
phosed marls. Some of basalts are directly connected
with marbles originally extruding in the lime mud,
whereas other ones are closely associated with deep-sea
sediments. Matrix of mélange is composed of by the
redeposited mostly basic volcanic material transformed
to banded blueschists or sericite, chlorite-sericite and
quartz-albite phyllites. Blueschist facies mineral asso-
ciation in mafic rocks reflects only progressive meta-
morphic path. Magmatic clinopyroxene is sometime
preserved, while Na-pyroxene, Na-amphibole, (glauco-
phane), epidote, garnet, white mica, albite, chloritoid,
titanite, magnetite/haematite or pyrite are newly-formed
phases. Pumpellyite, actinolite and chlorite can be pre-
sent as relics of previous low-grade metamorphic alte-
ration. Zonal Na-amphiboles, Na-pyroxene, spessartite,
tremolite iron oxides and apatite in fine-grained quartz
are typical for metacherts. Local retrogression connected
with transformation paragonite to white mica can be
observed in phyllites from matrix (Plasienka et al. 2019).
Serpentinized ultramafics with typical mesh texture are
composed mostly lizardite and chryzotile with less
amount of magnetite, accessory crystals of brown chro-
mian spinel, Mg-chlorite and rare Na-amphibole. At
some places also primary pyroxenes and olivine have
been found. Age of the Hacava Fm. is still unknown, its
upper limit 150—-160 Ma (Late Jurassic) follows from the
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age of HP/LT metamorphism (Faryad & Henjes-Kunst
1997; Dallmeyer et al. 2008).

Kobeliarovo Formation

Geological structure of the Kobeliarovo Fm. is similar
to the Hacava Group — it is also ophiolite mélange but
with blocks of marbles, metabasalts and metadolerites
only. Also matrix of mélange is similar — sericite and
chlorite-sericite phyllites combined with metamor-
phosed redeposited basic volcanic material. Some of
metabasalts erupted directly in the unconsolidated car-
bonate environment. Most pronounced difference is the
complete areal retrogression to the greenschist facies
conditions. Albite, epidote, Na-actinolite and chlorite
together with some carbonate, white mica and very con-
spicuous magnetite octahedrons up to 1 mm in size are
typical mineral association here. Teeny relics of magne-
sioriebeckite are important witness of the former HP/LT
metamorphic event. Exact data of age of this formation
are still missing.

Steinberg Formation

Steinberg Fm. is located in the immediate neighbour-
hood of the Dobsina town. Previously it was mapped as
part of various Palaeozoic units of the Gemeric
Superunit. Steinberg Fm. is represented by ophiolite
mélange with blocks of metabasalts with relatively
well-preserved original magmatic textures occurring in
association with red deep-sea metacherts and metamor-
phosed sediments composed of disintegrated basaltic
material. Blocks are embedded in the matrix built up by
the dark sericite-albite-quartz phyllites or sericite phyl-
lites. The mélange as a whole was metamorphosed in the
blueschist facies and retrogressed to the greenschist
facies conditions. Typical mineral association in the
metabasalts is represented by albite, Na-actinolite, chlo-
rite, epidote, leucoxenized ilmenite, rarely also white
mica is present. Presence of magnetite octahedrons (up
to 1 mm) is a good attribute for identification of these
rocks. Relics of glaucophane and winchite as indications
of the HP/LT metamorphic stage are relatively fre-
quently preserved. Quartz, Fe-oxides, chlorite,
Na-actinolite, epidote and white mica are more wide-
spread mineral components of the metamorphosed
cherts and related mafic sediments, but also relic rie-
beckite, ferroglaucophane and Na-Ca pyroxene have
been identified. Data on age of the Steinberg Fm. are
fully missing, but based on close lithological similarity
to the Jaklovce Group of the Meliatic Superunit it can be
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speculate about Late Triassic age for ophiolite blocks
and Middle Jurassic age for matrix sediments.

NiZna Slana Formation

Despite its relative spatial extension the Nizna Slana Fm.
has not yet been recognized and was mapped as the
Hacava Fm. The Nizna Slana Fm. is the polymetamor-
phosed volcano-sedimentary complex with locally pre-
served original stratification, but mylonitized and
tectonized in some parts. Metamorphosed basaltic vol-
caniclastic rocks locally intercalled by various types of
pelitic sediments including those rich in organic matter
are most widespread here. Bodies of metamorphosed
basalts, dolerites and gabbros are also components of
this formation. The Nizna Slana Fm. underwent a multi-
stage metamorphic alteration with the oldest stage in the
epidote-amphibolite facies conditions. Association of
magnesiohornblende, plagioclase, clinozoisite/epidote,
Mg-chlorite, white mica, garnet (in sediments) and typi-
cally rutile sometime rimmed by ilmenite are characte-
ristic for this stage. Overprint in the blueschist facies
conditions is connected with formation of glaucophane,
winchite, jadeite, garnet and titanite, clinozoisite is
transformed to epidote. Local retrogression to green-
schist facies conditions led to final association of
Na-actinolite, albite, and chlorite together with white
mica, carbonate and some titanite. Age of the Nizna
Slana Fm. is not exactly known, its upper limit is age of
the oldest metamorphic phase (ca. 370 Ma, Late Devo-
nian). Age of HP/LT metamorphic overprint seems to be
the same like in the Ha¢ava Fm. (Faryad & Frank 2011).

Jasov Formation

Volcano-sedimentary Jasov Fm. is composed domi-
nantly by metamorphosed psammitic sediments with
small lenses of metaconglomerates in the lower part of
formation. Metasiltstones and metapelites occur mostly
in its upper part (Mello et al. 1998). Small bodies or thin
layers of metamorphosed rhyolites and their volcani-
clastics sporadically occur the lower part of rock com-
plex. Quartz and plagioclase (albite) phenocrysts are
preserved in metarhyolites, typical mineral association
for acid volcanic is quartz, muscovite and sometime
albite. The same minerals associated with paragonite,
chlorite and chloritoid can be observed in metamor-
phosed sediments. The Permian age of the Jasov Fm.
was determined by U-Pb SHRIMP dating on zircons
from metarhyolites (266+ 1.8 Ma Guadalupian; Vozarova
etal. 2012).
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Bucdéina Formation

Complex of metamorphosed acid volcanics and volca-
niclastic rocks with lesser admixture of clastic compo-
nents was denoted as Buc¢ina Fm. (Mello et al. 1998).
Original granularities of sediments vary from fine-
grained pelitic sediments up to conglomerates with peb-
bles several cm in size. Clasts in conglomerates are
represented exclusively by quartz and lesser amount of
felsic volcanics. Widespread hydrothermal silicification
and turmalinization is typical in all rock types of this
formation. Quartz and white mica are highly prevailing
mineral components here. The Permian age for the
Bucina Fm. is supposed based on lithological similarity
with the surrounding Permian units as Jasov Fm. or
Gocaltovo Fm. in the Gemeric Superunit.

Rudnik Formation

Rudnik Fm. is recently defined only conditionally
based on two isolated findings of of high-grade meta-
morphic rocks (amphibolites, amphibolite gneisses)
overprinted in HP/LT metamorphic conditions (cf.
Faryad 1988). Cover of younger geological formations
disables to assess extent and details of geological posi-
tion of these rocks. Analogues to these rocks occur in the
Klatov Group (Gemeric Superunit) of the Early
Palaeozoic age.

Plate tectonic setting of volcanic rocks
in the Borka Nappe lithotectonic units

Close relations of the HP/LT metamorphosed
Mesozoic mafic volcanic rocks of the Borka Nappe to
subduction of the Meliata Ocean are generally accepted
(e.g. Mello et al. 1998; Plasienka et al. 2019). However
geochemical studies of these rocks surprisingly indicate
that only metabasalts of the Steinberg Fm. associated
with deep-sea sediments display signature close to
typical oceanic N-MORB or back-arc basalts.
Metabasalts of the Hacava Fm. erupting in the carbonate
or marl environment display similarity to arc basalts
(island arc tholeiites — IAT or calc-alkaline basalts —
CAB) whereas metabasalts associated with radiolarian
chert and pelitic sediment have strongly depleted
N-MORB signature usually related to forearc settings.
Blocks of metagabbro show surprisingly E-MORB
affinity. Trace element distribution in metabasalt
from the Kobeliarovo Fm. indicates also similarity
to IAT.



GEOLOGICA CARPATHICA 70, SMOLENICE, OCTOBER 9—11, 2019

In the Early Paleozoic Nizna Slana Fm. two types of
metabasalts have been identified: one type is geochemi-
cally similar to E-MORB, but the second type with trace
element distribution pointing to the subduction related
CAB is dominantly present. In the Permian formations
mafic volcanics have not been found, but composition of
metarhyolite from the Jasov Fm. indicates its calc—alka-
line affinity (Vozarova et al. 2012).

Lithology of the Borka Nappe and geological
history of the Meliata Ocean

The composite Borka Nappe represents specific seg-
ment of the Meliatic Superunit which experienced as
a whole HP/LT metamorphism in the subduction zone
and so records specific information concerning of late
stages of the Meliata Ocean evolution. The Borka Nappe
consists of strongly imbricated partial nappes or slices,
each formed by specific lithotectonic units differing not
only in lithologies and tectonic settings, but also in paths
of their metamorphic alteration and exhumation. Two
groups of lithotectonic units can be discerned according
to their position in the former Meliata Ocean basin:
(1) Mesozoic units (Hacava, Kobeliarovo and Steinberg
Fms.) more or less related to the basin floor and
(2) Palaeozoic units representing continental margin of
this basin. All oceanic units are metamorphosed sedi-
mentary ophiolite mélanges formed during Late Jurassic
subduction of the Triassic—Jurassic Meliata Ocean and
consists of blocks of various igneous and sedimentary
rocks embedded in the former trench sediments. It is
noteworthy that the Steinberg Fm. only contains blocks
of metabasalts and metamorphosed deep-sea cherts and
pelitic sediments geochemically and lithologically
reminding of relics of a typical ocean floor. Blocks of
marbles originally probably representing platform lime-
stones together with arc-related metabasalts frequently
with evidence of eruption in in the shallow carbonate
environment dominate in the Hac¢ava and Kobeliarovo
Fms. and might point to a suprasubduction setting of the
intraoceanic arc or forearc. Existence of such setting is
supported also by findings of the ultradepleted oceanic
metabasalts in the Ha¢ava Fm. generated by repeated
melting of the depleted oceanic mantle source during
forearc or backarc extension (cf. Hickey-Vargas et al.
2018). It can be speculated that presence of light
non-oceanic rocks (marbles) and/or larger thickness of
crust are the cause of preserving and exhumation just
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this parts of the subducting Meliata Ocean crust.
The Palaeozoic Nizna Slana, Jasov and Bucina Fms.
generated in continental settings display many similari-
ties in lithology and type of volcanism with some parts
of the Gelnica or Gocaltovo Groups — their analogues
in age from the Gemeric Superunit. Based on this fact it
could be supposed that the Meliata Ocean was opened
inside lithospheric plate with geological structure remind
in principle of the present-day Gemeric Superunit.
It cannot be excluded, that this opening developed in
parallel direction with the Variscan oceanic suture which
relicts has been identified on the northern margin of the
Gemeric Superunit (Ivan & Méres 2012).
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