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Abstract: The specific type of sediments, which arise in subduction complexes are serpentinitic sandstones. Their mate­
rial originates from disintegrated ophiolite series. The first occurrences of serpentinitic sandstones in the Western Carpa­
thians have been recorded from the Peri-Klippen area in Eastern Slovakia (Šambron-Kamenica Zone). They occur within 
the Upper Oligocene flysch formations. The sequence is notable for its thin-rhythmic character and the constant thickness 
of the sandstone-claystone intervals ("zebra”- type flysch). The proportions Q25F8L67 express the average modal compo­
sition of the sandstones. The high content of detrital serpentinites and glassy clasts (Lv * 62%) causes a prevalence of un­
stable lithic components. The interstitial material of sandstones corresponds mainly to pseudomatrix (originating from the 
breakdown of lithic grains), recrystallized during diagenesis into orthomatrix and/or epimatrix. In diagrams for determin­
ing the provenance of arenites, the projection points of serpentinitic sandstones are concentrated in the field of magmatic- 
arc related sandstones (Dickinson et al. 1983) or oceanic-arc related sandstones (Valloni 1985). The preservation of 
fragile clasts of serpentinite points to deposition from a diluted turbidite suspension. In dense flows with a high dispersive 
pressure caused by grain collisions the serpentinites should be almost destroyed. Accumulation of these clasts could also 
occur as a result of hydrodynamic separation, with the lighter grains of serpentinite reaching a higher level of the currents, 
which carries them to deeper parts of the basin.
The occurrence of serpentinitic sandstones in the Šambron-Kamenica flysch deposits indicates a suture zone of the Terti­
ary collision occurring on the contact of the Central Carpathian Paleogene and the Klippen Belt. The flysch formations of 
the Šambron-Kamenica Zone are sediments of perisutural basins, which, to the north were connected with trench-type 
flysch deposits in the Magura Unit.

Key words: Eastern Slovakia, Šambron-Kamenica Zone, serpentinitic sandstones, sedimentology, petrofacies, prove­
nance, source area, geodynamic significance.

Introduction

Terrigenous sediments containing a high portion of ser­
pentinite clasts are known as serpentinitic sandstones (Okada 
1964), or detrital serpentinites (Lockwood 1971). They occur 
mainly in synorogenic formations, which are represented by 
flysch deposits (Zimmerle 1968). The serpentinite detritus in 
the flysch sandstones originates from rocks of disintegrated 
ophiolite series (Lockwood 1971; Arai & Okada 1991). Ser­
pentinitic sandstones were described from Hokkaido Island 
(Okada 1964), subduction complexes of the Eastern Pacific 
(Dickinson 1982), Ligurian complexes of the Southern Ap- 
penines (Critelli 1991, 1993), the Franciscan complexes in 
California (Dickinson et al. 1982), and Columbia (Zimmerle 
1968), accretionary terranes of the Himalayas (Critelli et al.
1990), and elsewhere. The abundance of the serpentinite 
grains has also been recorded in sandstones, the material of 
which was recycled from ancient suture zones (e.g. in the 
Gosau Formation of the Northern Calcareous Alps — Dietrich 
& Franz 1976; Wagreich 1993; the Siwalik Formation in the 
Himalayas — Critelli & Ingersoll 1994, and others).

Data about the distribution of serpentinitic sandstones show 
that they are related to continental margin settings, especially 
to zones of lithospheiic subduction. Their identification is

therefore important for the understanding of the geotectonic 
development of orogens, especially in cases where a suture 
zones ceased during the collision. Occurrences of serpentinite 
and spinel detritus have also received attention in studies of 
the Alpine flysch zones (Winkler 1988; Wildi 1985; Winkler 
& Slaczka 1992; Pober & Faupl 1988; etc.). In the flysch re­
gions of the Western Carpathians, occurrences of serpentinitic 
sandstones were not recorded up to now. The occurrences of 
serpentinitic sandstones described in this work, have been 
found in the East-Slovak territory of the Peri-Klippen area 
(Šambron-Kamenica Zone). They occur on the contact of the 
Central Carpathian Paleogene with the Klippen Belt, which is 
considered to be a suture zone after the Tertiary collision.

The flysch deposits of the Šambron-Kamenica Zone

The Šambron-Kamenica Zone is situated on the northern 
margin of the Levočské vrchy Mts. and Šarišská vrchovina 
Highland, where the Central Carpathian Paleogene joins with 
the Klippen Belt. The Šambron-Kamenica Zone is formed by 
flysch deposits, which are not entirely identical with the for­
mations of the Central Carpathian Paleogene (Fig. 1). This is 
documented by certain differences in the sequence develop-
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Fig. 1. Lithostratigraphic column of the Paleogene formations of 
the Šambron-Kamenica Zone.

ment of the flysch formations, and especially their thickness 
(in the Lipany 3 and Lipany 4 boreholes, up to 3000 m, Rudi- 
nec 1992). The variegated claystones, conglomerates and 
nummulite limestones from some boreholes in the area of Li­
pany, are regarded as the basal sediments of the Paleogene 
formations of the Šambron-Kamenica Zone (Lesko et al. 
1983; Gross & Ďurkovič 1991). The lower division of the 
Šambron-Kamenica Zone is formed by subflysch claystone 
sediments and by thin-rhythmic flysch deposits of the Šam­
bron Beds (Chmelik 1959). Numerous bodies of conglomer­
ates, pebble mudstones, slump breccias and olistolites, also 
occur within the Šambron Beds. Locally, Menilite-type shales 
are also interbedded in them (Chmelik 1958, 1959); Nemčok 
et al. 1990). It is possible to correlate the Šambron Beds, 
either with the lower part of the Huty Formation (Andrusov & 
Samuel et al. 1983), or with the Šaflar Beds of the Špišská 
Magura Mts. (Chmelik 1958).

The Šambron Beds are overlain by a formation with a 
prevalence of claystones (’’Claystone Beds” according to 
Chmelik 1959). This formation is characterized by sandstone 
beds with distinct current ripple lamination and convolute 
bedding (’’Convolute Flysch” according to Marschalko 1961). 
The lithofacial development of this formation, resembles the 
upper part of the Huty Formation, or the Zakopane Beds of 
the Podhale Flysch. Higher up, the claystone beds pass into 
the medium rhythmic flysch deposits, with an equal 
claystone-sandstone ratio (’’Claystone-Sandstone” Beds ac­
cording to Chmelik 1959). They represent normal flysch litho- 
types, similar to the Zuberec Formation, or the lower part of 
the Chocholov Beds. The facies is characterized by presence 
of medium-bedded sandstones with BOUMA intervals and 
with distinct hieroglyphs. The top sediments of the Šambron- 
Kamenica Zone are locally developed as a non-turbiditic for­
mation of sandstones and doloarenites. They occur in mas­
sive, homogeneous and amalgamated beds and recall the sedi­
ments of the Biely Potok Formation, or the Ostrysz Beds of 
the Podhale Paleogene. Stratigraphically the sediments of the 
Šambron-Kamenica Zone have been attributed to the Bar- 
tonian and the Priabonian (Nemčok et al. 1977, 1990; etc.). 
New Stratigraphie information also point to the presence of 
Oligocene sediments in the Šambron-Kamenica Zone (A. Nagy- 
marosy, unpublished).

The flysch sediments of the Šambron-Kamenica Zone are 
strongly deformed. Their tectonic structure is mainly charac­
terized by folds (chevron, inclined and recumbent types), less 
by kink-bends, intrastratal duplexes, reverse faults and strike- 
slip faults. The character of the deformation points to com­
plete detachment of the flysch sequence from the substratum, 
in the position of the fold-and-thrust belt, followed by later 
backthrusting and dextral transpression. Thus the Šambron- 
Kamenica Zone is structurally individualized with respect to 
flat-lying formations of the Central Carpathian Paleogene in 
the Levočské vrchy Mts. The assignment of the Šambron- 
Kamenica Zone is therefore not clear. The majority of authors 
regard it as part of the Central Carpathian Paleogene, raised in 
the elevation structure on the southern margin of the Klippen 
Belt (Nemčok 1978; Nemčok et al. 1990; Marschalko 1975). 
There are also views that the Šambron-Kamenica Zone is not 
an integral part of the Central Carpathian Paleogene, but a 
pendant of the Krichevo Unit (Grecula et al. 1980; Leško & 
Varga 1980; etc.).

Localization o f serpentinitic sandstone occurrences

The type occurrence of serpentinitic sandstones is situated 
100 m west of the village of Kamenica nad Torysou, in an out­
crop at the right erosional bank of Lipiansky Potok Creek 
(Figs. 2, 3). Further occurrences of serpentinitic sandstones 
are found in the wash-cut of Lipiansky Potok Creek at Slané 
Mláky between Kamenica nad Torysou and Pusté Pole. An in­
creased portion of serpentinite detritus was also recorded in 
sandstones cropping out in the valley of Putnovský Potok 
Creek, SE of Pusté Pole and near the village of Hanigovce.

Serpentinite-bearing flysch deposits at Kamenica Creek lo­
cality are folded into recumbent to moderately plunging folds 
inclined toward the NNW. In the hinge parts, there are folds 
cut by overthrust faults, which declined at angles of 15-60° to 
the SSE.
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Fig. 2. Geological sketch шар of the area near of Kamenica nad Toiysou (Nemčok et al. 1990, simplified) depicting the localities of serpentinitic sandstones.

Sedimentology of serpentinitic sandstone deposits

The serpentinitic sandstones occur in the thinly bedded 
flysch sequences, where they alternate with claystone and silt- 
stone intervals (Fig. 4). The sandstones have a greenish-grey 
to greenish colour, and occur in beds with an average thick­
ness of 5.96 cm. The granulometric composition of the sand­
stones in percentages of modal classes is as follows (12 thin- 
sections): 0.03-0.06 mm = 0 %; 0.06-0.125 mm = 16.2 %;
0.125-0.25 mm = 41.2 %; 0.25-0.5 = 27.9 %; 0.5-1 mm = 
14.7 %; 1-2 mm = 0 %. Laminated bedding or unclearly de­
veloped diffuse lamination is observable in the sandstone 
beds. Occasionally, claystone rip-up clasts are arranged in 
lamination. The sandstone beds are divided by intervals of 
weakly calcareous claystones and clayey siltstones. The pres­
ence of chlorite and mixed-layer chlorite/smectite in the 
claystones was proved by X-ray diffraction analysis. The av-

Fig. 3. General view at the outcrop of serpentinitic sandstones in the 
creek near Kamenica nad Torysou. The thin-rhythmic flysch forma­
tion is folded into recumbent up to moderately plunging megafolds 
(scale in the right lower comer: 1 m).
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Fig. 4. Detailed profile in the formation of serpentinitic sandstones 
at Kamenica Creek locality.
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Fig. 5. Suggested mechanism of the hydrodynamic flow separation 
responsible for the deposition of serpentinitic sandstones.

erage thickness of the claystone/siltstone intervals is 4.78 cm. 
The ratio S : С = 1.1. Thin layers of dolomites with a white 
patina are also present in the flysch formation. Claystone lay­
ers with ’’drowned pebbles” of calcareous sandstone, which 
also contain fragments of serpentinites and spinel detritus, 
also appear sporadically in the formation. The sandstone peb­
bles come from washed material of the same formation.

The sandstories have flat lower bedding surfaces without 
current traces and wash-outs. The absence of basal erosion, as 
well as the lack of lower BOUMA intervals testifies to the fact 
that the sandstones did not originate under conditions of the 
upper flow regime. Only traction textures of lamination corre­
sponding to higher intervals of the BOUMA sequence are de­
veloped in the sandstones. The sequences are marked by a 
constant thickness of the sandstone-claystone/siltstone inter­
vals repeated in non-cyclic trends (Fig. 4). They resemble the 
’’zebra” type flysch (Nelson & Nilsen 1984), which is charac­
teristic for the basin plain environment with lower flow re­
gime. The sandstone layers are arranged only in Td-Te 
BOUMA divisions without basal intervals and erosional 
traces. Such an arrangement is characteristic of the distal 
flysch facies, and points to deposition from the diluted sus­
pension in a zone where turbidity currents become inactive.

Deposition from diluted flows can also explain the preserva­
tion of serpentinite clasts in the flysch sandstones. In the dense 
flows the fragile serpentinite clasts would have been destroyed 
due to high dispersion pressure caused by grain collisions. Thus, 
the accumulation of these clasts could be a result of hydrody­
namic separation, by wliich the lighter grains of serpentinites 
reach higher levels within the flow (traction current), which car­
ries them to deeper parts of the basin (Fig. 5). Flow separation of 
minerals resulted from their different specific weight, which is 
significantly lower for serpentinite, than for quartz, feldspar and 
most rock fragments (2.51-2.56 — Zimmerle 1968). Flow sepa­
ration may also be the reason, why the basin-ward facies of the 
Šambron-Kamenica Zone are richer in serpentinite detritus than 
the normal flysch facies, in which the heavier and more resistant 
chromian spinel is concentrated. The sedimentation in a lower
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flow regime was only occasionally influenced by stronger 
currents, causing erosion of the bottom (claystone intraclasts, 
washed pebbles).

The age of serpentinitic sandstone deposits

The age of the serpentinitic sandstone deposits has been deter­
mined by the study of the calcareous nanoplankton (A. Nagyma- 
rosy, Budapest). The nanoplankton associations are composed of 
the species Cyclicargolithus abisectus (Müller), Reticulofenestra 
lockeri Müller and Zygrhablithus bijugatus (Deflandre), which 
date the Upper Oligocene age of the formation (NP 24-25 
nanoplanktone zone).

Petrofacial composition of serpentinitic sandstones

The sandstones display a variable mineralogical-pet- 
rographic composition. They contain lithic, quartzose and 
feldspathic grain constituents.

Lithic grains (L): include mainly serpentinite rock frag­
ments, which are attributed to opłtiolitic lithics (Critelli & 
Ingersoll 1994, p. 817). Serpentinite grains are colourless to 
olive green, and it is possible to observe the typical mesh and 
loop textures in them (PI. I: Figs. 1-3, 5-6; PI. II: Figs. 1-4). 
Among serpentinite fragments the coarse-flaky lizardites 
(PI. I: Fig. 4) and fibrous chrysotiles are also present (PI. II: 
Fig. 8). In the categorization of lithic grains, detrital ser- 
pentinites are included among the components of the vol- 
canic-metavolcanic grain type category Lv (Valloni 1985). 
Thus serpentinites, like volcanites and glass shards are among 
the very unstable elements, which regularly occur together in 
the detritic associations of sandstones (Critelli 1991, 1993; 
Zimmerle 1968; etc.). The sandstones have also a significant 
portion of glassy fragments and rocks with a vitritic up to 
vitrophyric structure. On the margins of glassy fragments, hy- 
dratation rims formed by clayey minerals are usually devel­
oped (PI. I: Fig. 8). Thus, the volcanic source of the glassy 
clasts seems to be more probable than their origin from 
opaline-replaced ultramafic rocks or cherts. A similar origin 
can also be proposed for the small particles included in the 
sandstone matrix (PI. II: Fig. 7). They display peculiar twin­
ning structures, which resemble more those occurring in opal- 
CT lepispheres. Therefore, the particles are regarded as 
lepispheres formed by intergrowths of leaf and blade-like 
crystals of opal-CT modifications of quartz, with various de­
grees of coalescence. The origin of lepispheres may be imme­
diately connected with the dissolutional processes of Si02, 
during diagenetic transformation of glass through the stage of 
devitrification, to the stage of smectites formation (Hesse 
1989). Such a type of spherulitic opal-CT crystals originated 
from dissolution and devitrificacion of volcanic glass has also 
been shown by Christidis et al. (1995). The lithic grains of 
sedimentary category (Ls) consist of sparry carbonates up to 
crystalloclastic calcites. Fragments of phyllitic rocks (Lm) 
and mica microlites (monomineral phyllosilicates — M) also 
participate in lithic grain associations.

Quartzose grains (Q): occur as monocrystalline and poly­
crystalline types. Monocrystalline grains (Qm), with weak 
features of undulatory extinction have a significant predomi­
nance. Some quartzose grains are rimous, and have hair-line 
fissures filled with cross-fibre aggregates of chrysotile. Poly­

crystalline grains (Lq) consist of subcrystals of quartz and 
phyllosilicates. They are formed by dynamically recrystal­
lized aggregates of blade-like quartz and grains with suture in­
tercrystalline surfaces.

Feldspathic grains (F): form accessory components of the 
sandstones. The K-feldspars (Kf) are usually clouded due to 
sericitization passing mainly along the cleavable fissures. 
They often contain mineral inclusions. The grains of plagio- 
clase (Pf) display a zonal character, and a lower intensity of 
sericitization.

The sandstones examined consist of mostly unstable detrital 
components and fine grained clayey interstitial matrix. Such 
compositional and structural parameters are characteristic for 
sandstones of the greywacke category (according to Dickin­
son 1970, immature sandy rocks with grey to dark grey col­
our, variable mineralogical-petrographic composition, and 
with the clayey interstitial matrix firmly cementing an angular 
detritic framework). According to Dott’s classification (1964), 
serpentinitic sandstones belong to the category of wackes, that 
is sandstones containing more than 10 % of matrix. However 
the fact that sandstones of the appropriate petrographic com­
position, and a lower degree of compaction are placed in the 
wacke area, while those with a higher degree of compaction 
are placed in the arenite area, is a deficiency of this approach 
to classification (Williams et al. 1969). In the composition 
diagram of Füchtbauer (1959), these sandstones also fall into 
the greywacke area (Fig. 6). Sandstones with such a high con­
tent of detrital serpentinites are designated serpentinitic grey- 
wackes, in accordance with Zimmerle (1968). The typical fea­
tures of greywackes also include strong interpenetration of 
detritic rock fragments, and their intensive secondary altera­
tion, obscuring the relationship between the detritic grains and 
the matrix. The result of this is a diffuse boundary between the 
matrix and the majority unstable detritic grains (mostly ser­
pentinites). Therefore it is difficult to determine the modal 
composition of serpentinitic sandstones (compare Zimmerle 
1968). Planimetrie analyses of the studied sandstones are 
summarized in Tab. 1. The proportions Q25 Fg L67 express 
their average modal composition. Lithic grains have the 
greatest quantity in the sandstones (e.g. sample No. 256 — 
Q 10F 10L80). The dominance of this grain category is caused 
by the high contents of detrital serpentinites and clasts of a 
vitritic nature (X: Lq22Lv62L s16), which, according to 
Critelli (1993), are characteristic of sandstones of volcano- 
lithic composition. With decline in the content of serpentinite 
and increasing silicoclastic material, the composition of sand­
stones approaches the composition of quartzolithic petrofacies 
(e.g. sample No. 264 — Q48F UL41).

The sandstone groundmass has the character of a grey to 
green-grey microcrystalline matrix formed by crushed mate­
rial of serpentinites and the minerals of the chlorite/smectite to 
chlorite group (recorded by XRD analysis). The matrix is sig­
nificantly influenced by diagenetic recrystallization (orthoma­
trix according to Dickinson 1970). The evidence of recrystali- 
zation can be seen in zonal structure of the cement, which it is 
observable mainly in back-scattered electrons — PI. II: Figs. 5- 
6). The zonal cement is formed by radially overgrowing min­
erals, the fibrous habitus of which resemble the ”c” type of 
phyllosilicate cements described by Dickinson (1970). Ac­
cording to habit and analogy with the serpentinite sandstones 
described by Dietrich & Franz (1976), the main component of 
the zonal cement should be secondary chrysotile. Such a com­
position is probable, since some quartz grains cracked during
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Table 1: Modal composition of serpentinitic sandstones in percentages of grain categories (see text for explanation of symbols). Loc. Kamenica 
Creek.

Sample Number Q F L Lq Lv Ls
253 366 19 3 78 19 73 8
254 512 19 9 72 14 63 23
255 438 23 13 55 29 41 30
256 351 10 10 80 9 79 12
257 329 19 8 74 13 74 13
259 333 25 6 69 19 65 16
260 300 32 И 57 46 24 27
262 340 48 И 41 46 36 18
264 356 20 6 74 15 73 12
265 395 22 8 69 17 74 9
266 361 22 3 75 16 73 11

Mean 4081 25 8 67 22 62 16

gates into the free spaces of the pore network, is responsible 
for the epimatrix (according to Dickinson 1970). The replace­
ment of large detritic grains with matrix minerals is also ob­
served locally. On the basis of the above mentioned criteria, it 
is possible to classify the interstitial material of the sandstones 
as pseudomatrix, originating from the breakdown of lithic 
grains, and orthomatrix to epimatrix arising from diagenetic 
recrystallization.

Subhedral, non-zonal grains of chromium spinel are a typi­
cal component of the sandstones studied. The spinel detritus is 
inhomogeneously distributed, and the presence of spinel 
grains was not recorded in clasts of serpentinites, in even one 
case. The spectrum of accessory minerals in thin sections also 
includes grains of rutile, ilmenite and Fe-oxides.

Provenance-classification 
of the serpentinitic sandstones

Using data about the composition of the sandstones in the 
various geotectonic environments it is possible to define the 
provenance of the serpentinitic sandstones. Provenance fields 
of various types of sandstone were interpreted in the QFL dia­
grams of Dickinson & Suczek (1979) and Dickinson et al. 
(1983), or the LqLvLs diagrams of VäÚoni (1985). In the case 
of these sandstones, the abundance of serpentinite grains 
shows a significantly increased proportion of unstable lithic 
components. Therefore in the diagram of Dickinson et al. 
(1983), the projection points of the serpentinitic sandstones 
are plotted in the field of sandstones derived from magmatic 
arc (Fig. 7.B — undissected arc), and in the diagram of Val-

Plate I: Figs. 1-6 Thin-section appearance of serpentinite clasts in the 
sandstones of the Šambron-Kamenica Zone. The clasts display mesh, 
loop and flaky textures (lizardite — 4, 6) and are surrounded by fine 
detrital lutum of serpentinites - pseudomatrix. Loc. Kamenica-creek, 
crossed nicols, magnif. 170x (1,3), 86x (2,4, 5,6). Fig. 7 Fan-shaped 
aggregates of chlorite/smectite filling pore spaces of serpentinitic sand­
stones. Loc. Kamenica-creek, crossed nicols, magnif. 170x. Fig. 8 
Glassy clast with hydratation rims of clayey minerals. Loc. Kamenica- 
creek, crossed nicols, magnif. 170x.

compaction are also mineralized with chrysotile fissures with 
the cross-fiber structure. The remaining cavities between 
grains are cemented by fan-shaped aggregates of chlo­
rite/smectite (PI. II: Fig. 7). The crystallization of these aggre-
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Fig. 6. QFL ternary diagram summarizing compositional data from the 
sandstones of the Šambron-Kamenica Zone and those from the the 
Levočské vrchy Mts. Localities : 1 — Kežmarok, 2 — Kamenica 38/D, 
3 — Kamenica 38/A, 4 — Tichý Potok 1,5 — Dravce, 6 — Krivany, 
7 — Kamenica 38/C, 8 — Rožkovany, 9 — Tichý Potok 2, crosses - 
Kamenica - creek
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Fig. 7. Projection points of the serpentinitic sandstone data plotted 
in the provenance-classification diagrams of QFL (according to 
Dickinson et al. 1983) and LqLvLs (according to Valloni 1985).

Table 2: Abundance of heavy minerals in the serpentinitic sandstones 
at Kamenica Creek locality (in wt. %).

Spinel 30.6
Zircon 0.8
Turmaline 1.0
Rutile 1.7
Leucoxene 63.4
Apatite 2.5

loni (1985) they fall into the field of sandstones derived from 
oceanic arc (Fig. 7.A).

Heavy mineral assemblages 
from serpentinitic sandstones

The heavy minerals of serpentinitic sandstones at Kamenica 
Creek locality are characterized by prevalence of chromium 
spinel and leucoxene (see Tab. 2). Such composition of heavy 
mineral assemblages illustrates the presence of ultrabasic 
rocks in the source areas feeding the flysch deposits of the Šam- 
bron-Kamenica Zone. The minerals of supracrustal sources, such 
as garnets for example, fully absent in the associations here. High 
contents of chromium spinels and minerals of the Ti-group were

also recorded in other places of the Šambron-Kamenica Zone 
(Kamenica — railway cut: 65.4-89.0 %, Krivany: 97.2 %, Šam- 
bron: 74.7-100 %, Plavnica: 81.7-100 % etc.).

Occurrences of ultrabasic rocks and their residual 
detritus in the area of the North-Eastern Slovakia 

and Transcarpathian Ukraine

In North-Eastern Slovakia, larger occurrences of ultrabasic 
rocks are present only in the basement of the Transcarpathian 
Depression. They were found in several boreholes (Zbudza-1, 
Senné-8, Senné-2, Pavlovce-1, Blatná Polianka-1), and more 
extensive bodies of them are assumed in the area of the 
Sečovce and Zbudza magnetic anomalies (Gnojek 1987; Gno­
jek et al. 1991). The ultrabasic bodies of the basement of the 
Transcarpathian Depression occur within the rock complexes 
of the Iôačovce-Krichevo Unit, which is formed by Penninic- 
like metasediments (Soták et al. 1993a,b; Biroń et al. 1993). 
The young metamorphic and deformational history of this unit 
is also documented by the overthrusting of the ultrabasic bod­
ies onto Eocene metasedimentary formations (borehole 
Zbudza-1). The ultrabasic rocks of the Iňačovce-Krichevo 
Unit display different degrees of alteration from relatively 
fresh peridotites, through serpentinites with relicts of primary 
minerals, to chrysotile-lizardite serpentinites and chlorite-talc- 
tremolite-actinolite rocks.

Ultrabasic rocks are also present in pebbly material of the 
Memik Conglomerate, which occurs at the contact of the 
Neogene fill of the East Slovak Lowland and the Central Car­
pathian Paleogene extending in the zone of Kapušany-Vranov 
nad Topľou. A high portion of ultrabasic rock pebbles (chiefly 
lizardite-chrysotile serpentinites), and an equally significant 
content of spinel grains in the interstitial groundmass, is char­
acteristic of the Memik Conglomerates. The source of the de­
tritus of the Memik Conglomerates is considered to be prob­
ably the ultrabasic bodies from the basement of the East 
Slovak Basin (Soták et al. 1990, 1991).

Magnetic structures, probably connected with the occur­
rence of ultrabasic bodies, are also traceable on the eastern 
side of the Šarišská vrchovina Highland near Bzenov (Gnojek 
1987). The source of the Bzenov anomaly is a magnetic body 
in the basement of the Central Carpathian Paleogene. Gnojek 
et al. (1991) suppose that this body is composed of ser­
pentinites, similar to those which were penetrated not so far 
below the surface in the borehole V-l on the southern side of 
Prešov (Slávik 1974). It is also possible to derive the origin of 
the ultrabasic body near Sedlice from basement rocks. This 
body is evidently an olistolite in the basal lithofacies of the 
Central Carpathian Paleogene. The basic rock types of the 
Sedlice body are harzburgites, lherzolites and dunites (Ho­
vorka et al. 1985). The Sedlice ultramafites are distinguished

Plate II: Figs. 1-4 SEM images of serpentinite clasts in the sandstones 
of the Šambron-Kamenica Zone. Loc. Kamenica-creek. Figs. 5-6 Zo­
nal structure of sandstone matrix in back-scattered electrons. The zonal 
cement is probably formed by secondary chrysotile, which crustifies 
the granular framework of serpentinitic sandstones. Fig. 7 Small par­
ticles in the matrix of the serpentinitic sandstones. They display struc­
ture of lepispheres, which reflect an interpenetrative growth of opal-CT 
modifications of quartz. Loc. Kamenica-creek, SEM, magnif. 10,000x. 
Fig. 8 SEM image of fibrous chrysotile in detrital constituents of ser­
pentinitic sandstones. Loc. Kamenica-creek, SEM.
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from the serpentinites of the Spišsko-gemerské rudohorie Mts. 
by the lower degree of serpentinization and the character of 
the structural deformation (Jaroš et al. 1981; Gnojek & Kubeš
1991). Marschalko (1962) expressed doubts about their 
Lower Triassic age, and gave the opinion that they are rather 
post-Oligocene rocks.

Unknown sources of ultrabasic rocks can be supposed in 
the Peri-Klippen zone. From this zone, detrital material of the 
serpentinitic sandstones was probably derived. The presence 
of a quantity of spinel detritus in the sandstones of the Šam- 
bron Beds also proves the existence of these sources. Tracing 
the occurrences of chromium spinel in these sandstones re­
corded a relatively significant predominance of samples con­
taining this mineral. The same results also came from the 
study of fluvial heavy mineral concentrates (Križáni 1985), 
which recognized the Šambron-Kamenica Zone as a signifi­
cant chromium spinel anomaly. High contents of chromium 
spinel are also found in heavy mineral concentrates from the 
Spišská Magura Mts., where the Šambron Beds are developed 
only in claystone facies (Križáni I.e.).

The Klippen Belt is well known for its content of exotic 
rocks, among which ophiolite associations are also present. 
The ultrabasic rock fragments and chromium spinels were 
found mainly in the Urgonian limestones from pebbles of the 
Cretaceous and Paleogene conglomerates (Mišík & Sýkora 
1981; Mišík et al. 1980; Mišík 1976, 1990; etc.). Chromium 
spinels are also a significant heavy mineral component of 
sandstone facies of Upper Cretaceous sediments (Masaryk 
1980) as well as of Paleogene ones (Starobová 1962). Apart 
from ultrabasic rocks, the Klippen Belt conglomerates also 
contain a large portion of other rocks of exotic provenance, 
such as volcanoplutonic associations (greizenized granites, 
granitic porphyries, diabase porphyrites, basalts, ignimbrites, 
rhyolites, andesites etc.), hyperbaric associations (glauco- 
phanites, lawsonite rocks, eclogitoid rocks etc.), metamorphic 
associations (actinolithic schists and greenschists, glauco- 
phanized greywackes, contact cherts, basalt jaspers, adinoles 
etc.) and many others (see Mišík & Sýkora 1981; Šimová 
1982a,b; Šimová & Šamajová 1982; Šimová 1985; Mar­
schalko 1986 and others). The material of the Klippen Belt 
conglomerates originates from a subduction zone with 
ophiolites, island volcanism and high pressure/low tempera­
ture metamorphism. The position of this zone is still contro­
versial. In a widely accepted concept, the source of pebbly 
material is placed to the Peri-Klippen area and interpreted as a 
subduction-related exotic ridge (e.g. Marschalko 1986; Mišík 
& Sýkora 1981). The rocks wedging out in this ridge would 
have been scraped off the oceanic substratum of the' Vahic 
Unit. According to another approach (Plašienka 1995), the ex­
otic flysch deposits of the Klippen Belt belonging to the Klape 
Unit originated in the Veporic accretionary terrane and so they 
could have had a source in the southernmost units of the West­
ern Carpathians (Plašienka 1995).

The occurrences of serpentinitic sandstones in the flysch 
deposit of the Šambron-Kamenica Zone are located at the 
contact with the Klippen Belt. Occurrences of ultrabasic 
rocks, in a similar position, have also been described from 
Transcarpathian Ukraine. There serpentinite melanges and ul­
trabasic protrusions are exposed mainly on deep seated faults 
(Lomize 1976; Ploshko et al. 1980), such as the Uhlanich fault, 
which is genetically related to the suture zone of the Transcarpa­
thian (= Peri-Pieniny) deep fault (Ploshko et al., I.e.). The great 
quantity of serpentinites and chromium spinel grains, in the

sandstones of the Podhale Paleogene, also originates from ul­
trabasic rocks dragged upwards on the contact between the 
Klippen Belt and the Transcarpathian Depression (Kruglov 
1974). The chromites recorded in the heavy mineral concen­
trates from the river Terebla also evidently have the same ori­
gin (Lazarenko et al. 1963, fide Mišík & Sýkora 1981). A fur­
ther zone, which comprises large serpentinite bodies in 
Transcarpathian Ukraine, is exposed on the northern margin 
of the Marmaroš Klippen Belt, where they are associated with 
diabases, gabbros and glaucophanitic rocks (Kruglov I.e., Do­
lenko & Danilovič 1976).

Geotectonic interpretation of the source area

The course of the Tertiary collision in the Eastern Slovakia 
is associated with an extensional collapse of the overthick­
ened Carpathian lithosphere, and the formation of the fore-arc 
basins of the Central Carpathian Paleogene. The northern 
margins of these basins, which were originally connected with 
the trench-like flysch deposits of the Magura Unit, were am­
putated and mark a zone of lithospheric subduction. The Pa­
leogene flysch deposits of the Šambron-Kamenica Zone prob­
ably represent sediments from the perisutural basins, which were 
formed under the influence of active subduction. These flysch 
deposits partly covered the slopes of the Centrocarpathian plate, 
but they are also partly trench turbidites, enriched with ophiolitic 
lithics (serpentinites) and residual spinel detritus. The serpentini­
tic sandstone deposits originated by the local accumulation of de­
trital serpentinite in the most distal environments of the deep-sea 
fan system. The serpentinite and spinel detritus in the flysch 
sandstones of the Šambron-Kamenica Zone arrived probably 
from the slices of ultrabasic rocks dragged upwards along the 
collisional edge of the Centrocarpathian plate. By basal accretion 
under the Centrocarpathian plate, the ultrabasic rocks were also 
overthrusted onto the Paleogene formations of the Flysch Belt. 
Thus, in the underplate position, the bodies of ultrabasic rocks 
are overthrusted on Eocene metasedimentary formations as were 
observed in the East Slovak Basin basement (borehole Zbudza-1, 
Sotáketal. 1993a,b).
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