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Abstract: The Menilite Beds (Oligocene of Polish Flysch Carpathians) at Skrzydlna crops out in a structurally
complex zone of the Fore-Magura Unit, which is tectonically overridden by Magura Nappe thrust form the S. The
exposed sedimentary suite, representing the Dukla Basin, consists of fine-grained, well organised strata deposited
in a low-energy, deep marine basin, which are abruptly overlain by poorly organised, coarse sandy conglomerate
that forms a Mass Transport Deposit (MTD) complex. The MTD contains large boulders of extrabasinal rocks,
massive sandstone beds with intrabasinal mudstone clasts, and slump sheets of sandstones. Above rests a fin-
ing-upwards sequence of sandstone beds interlayered with mudstones. The fine-grained facies reappear above to
terminate the exposed succession. Erosional contacts and rapid facies changes, both vertical and lateral, are char-
acteristic for the MTD unit. The sandstone-mudstone unit above contains laterally migrating erosional channels
filled with massive sandy conglomerate in the lower part. Turbidites of varying density and completeness of in-
ternal structures that occur above are accompanied by an association of mixed facies including large-scale dune
cross-bedding.

Mineralogically, the sandstones are quartz arenites, sub-lithic arenites and wackes. Calcarenite grains - bio-
clasts, micrite and marl occur in substantial proportions only in the uppermost part of the succession. The
point-counting data plotted on Qm-F-Lt diagram are clustered within the recycled fields: quartzose and transi-
tional. Mineralogical maturity of the sandstones has the tendency to decrease from the sub-MTD strata upwards
via the MTD unit to the lower part of the sandstone-mudstone complex; then it increases to the youngest sand-
stone beds with carbonate grains. These tendencies, associated with sedimentary features of the succession, re-
flect rapid uplift, emergence and progressive erosion of the terrigenous detritus source area, followed by tectonic
stabilisation reflected by the appearance of the “carbonate factory”.
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INTRODUCTION & Kleverlaan 2018). This is the reason why stud-

ies of such changes have important implications
Abrupt extreme facies changes in stratigraphic  for interpretation of tectonic processes. Further-
successions of marine sedimentary strata usual- more, there where coarse clastic deposits appear
ly reflect onset of quite rapid tectonic deforma- invaluable information on the composition of
tions within the basin or at its margins (Postma  the source area can be gathered. The Oligocene
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deep marine succession at Skrzydlna (Burtan
1974, 1978, Polak 2000), which represents one of
such cases, is located in the Outer (Flysch) Car-
pathians in the tectonic zone extending in front
of the Magura Nappe, which in the opinion of
the present authors should be equated with west-
ern part of the Dukla sedimentary basin (see the
next chapter) (Fig. 1). The succession begins with
a fine-grained, very well organised suite deposit-
ed in low-energy environment, which is sudden-
ly overlain by poorly organised, extremely coarse
conglomerate complex succeeded by a sandstone
and mudstone sequence, above which well or-
ganised fine-grained facies appear again. The
conglomerate complex forms an olistostrome
sequence (Wendorff et al. 2015), which in accord-
ance with the currently prevailing terminology
will be called Mass Transport Deposit (MTD)
complex further in the text.

Considering the above relations, the aim of this
paper is threefold. It intends to (1) present varia-
tions of facies and sedimentary features, and con-
sider the mechanisms of sediment emplacement,
because these are controlled by the basin palaeo-
topography, (2) analyse mineral composition of

the detrital components as the reflection of their
provenance, and (3) discuss these aspects from the
viewpoint of tectonic evolution of the area.

GEOLOGICAL SETTING

The studied area is located in the middle part of
the Polish Outer Carpathians (Fig. 1). In general,
the Outer Carpathians are regarded as an ancient
accretionary wedge (e.g. Oszczypko 2006), with
the present structure consisting of several thrust
sheets traditionally referred to as nappes or tec-
tonic units. From the south to north these are:
the Magura Unit, Fore-Magura Group of Units
including the Dukla Unit, Silesian, Sub-Silesian,
and Skole Units (Ksigzkiewicz 1977). It is regard-
ed that the rock succession in each of the tecton-
ic units is related to a separate sedimentary basin,
therefore they reveal different lithostratigraph-
ic compositions (Koszarski et al. 1974, Ksigzkie-
wicz 1977, Slaczka et al. 2006). The successions
evolved during the Oligocene to Miocene folding
and thrusting that formed a stack of tectonic units
thrust over each other with prevalent northern di-
rection of movement.
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Fig. 1. Schematic structural map of the Polish part of the Carpathians showing the main tectonic units/nappes (after Zytko et al.
1989), occurrences of the Menilite Formation and the location of Skrzydlna
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The studied Oligocene succession is exposed
in a mining quarry near the local road between
Skrzydlna and Kasina Mata (Fig. 2). It represents
the Menilite Beds that together with the overly-
ing them sandstone succession of the Krosno Beds

occur in a narrow zone of steeply dipping strata.
This zone is situated in a structurally complex area
and represents one of the Fore-Magura thrust units
(Fig. 3), which in the broadest sense can be cor-
related with the Dukla Unit (Kotarba et al. 2017).
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Fig. 3. Regional tectonic sketch showing structural relations in the Skrzydlna region: the Magura Nappe thrust northward onto
the Fore-Magura Unit to the north of which extends the Lanckorona-Zegocina Tectonic Zone with tectonic mélange (Siemiriska

et al. 2017a, modified)
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In the western part of the Carpathians this Unit
crops out only in tectonic windows or semi-win-
dows, like in the area of Skrzydlna, where it strikes
along NW - SE direction right at the front of the
Magura Nappe. The latter forms here a tectonic
bay called the “Skrzydlna Tectonic Bay”. To the SE,
the Dukla Unit is hidden under the overthrust of
the Magura Nappe, but farther to the SE its exten-
sion appears in several elongated tectonic windows
within the Nappe.

In the past, however, the geological setting
of the area has been variably interpreted. In the
Mszana Dolna Sheet of the Detailed Geological
Map of Poland, Burtan (1974) included this area
in the Silesian Unit. Similar interpretation was
presented by Konon (1997) and Cieszkowski et
al. (2012). However, Polak (1999) suggested that
because of occurrence of sandstones resembling
the Cergowa lithotype, this area might represent
the Fore-Magura Unit (Dukla or Grybéw Units).
In this vein, the rocks present in this area are re-
garded as a direct, western extension of the Duk-
la Unit, which is fully exposed farther to the East
(Slaczka & Kaminski 1998, Cieszkowski et al.
2009, Jankowski et al. 2012, Kotarba et al. 2017).

The structural development of the Dukla Unit
at Skrzydlna is related to the Lanckorona-Zego-
cina Zone of tectonic mélange that borders the
Unit from the north. This zone resulted from ei-
ther diapiric-type migration of less competent
formations along a strike-slip fault (Golonka et al.
2011) or multistage deformation involving out-of-
sequence thrusting, strike-slip and normal fault-
ing (Jugowiec-Nazarkiewicz 2007, Jankowski et al.
2012). Anyway, after its emplacement as a thrust
sheet, the northern part of the Dukla Unit in the
Skrzydlna area was influenced by intense defor-
mation along the Lanckorona-Zegocina Tectonic
Zone during the compressional phase of evolu-
tion of the Carpathian accretionary wedge. This
origin determined the orientation of the tectonic
components of the area in question, as well as the
structure of steeply dipping beds, observed in the
Skrzydlna quarry.

The lithostratigraphic succession of the Duk-
la Unit exposed in tectonic windows within the
marginal part of the Magura Unit comprises sed-
iments of the Senonian to Oligocene age (Sikora

1970, Oszczypko-Clowes & Slaczka 2006). The
Senonian deposits are represented by the Jawo-
rzynka Beds. These are succeeded by the Lower to
Upper Eocene green and grey shales with interca-
lations of thin sandstones (the Hieroglyphic Beds),
which are overlain by the Globigerina Marls at the
transition between the Eocene and Oligocene. The
Early Oligocene deposits are represented by of the
Menilite Beds that are locally named Sub-Grybéw
and Grybow beds. Within them, a lithosome of
the Cergowa Sandstones is distinguished (Ciesz-
kowski 1992). The uppermost part of the succes-
sion is composed of grey sandstones and shales
of the Krosno Beds. In the Skrzydlna area, the
Dukla - Fore-Magura lithostratigraphic succes-
sion is composed of about 300 m thick series of
the Menilite Beds, which includes up to 200 m of
the Cergowa Sandstones and is succeeded by over
1000 m thick complex of the Krosno Beds. The Hi-
eroglyphic Beds that underlie this suite are only
locally preserved.

The Oligocene (Olszewska 1985, Svébenicka et
al. 2007) succession of the Menilite Beds is typ-
ified by a distinctive organic-rich lithofacies that
is widespread in the Carpathians (Kotlarczyk
et al. 2006, Puglisi et al. 2006, Fig. 1). It is com-
posed mainly of dark brown and black shales,
chert and siliceous marls with minor intercala-
tion of sandstones, which are commonly consid-
ered as deposited in the generally anoxic basin
(Olszewska 1985, Svabenicka et al. 2007, Sotak,
2010). Thickness of these deposits varies at a re-
gional scale from c. 100 m in the southern part of
their occurrence, up to 550 m in the northern part
(a.0. Jucha & Kotlarczyk 1961, Haczewski 1989,
Kusmierek 1990, Leszczynski et al. 2008). Howev-
er, in some areas, especially in the Dukla Tectonic
Unit (in the SE part of map shown in Fig. 1), the
Menilite Beds contain also thick sandstone bod-
ies that may occasionally comprise half of their
total thickness (Slgczka 1971, Slqczka & Unrug
1976, Pszonka 2015, Pszonka & Wendorff 2017).
A unique value of this unit lies in a relatively high
content of organic matter, reaching 20% (e.g. Cur-
tis et al. 2004) and thus, they represent the most
important source rock for hydrocarbons in the
entire Carpathian realm. Thick sandstone com-
plexes within and above the Menilite Beds are,
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in turn, significant reservoir rocks (Dziadzio et al.
2006). Because of that, the Polish Carpathians
constitute one of the oldest petroleum provinces
in the world, where oil exploitation dates back to
the middle 19" century (Karnkowski 1999, Selley
& Sonnenberg 2015).

A broad array of lithologies represented by peb-
bles in the MTD conglomerates at Skrzydlna was
noted by the previous authors (Polak 2000, Ciesz-
kowski et al. 2009). They reported limestones and
marls, Jurassic and Cretaceous in age, conglomer-
ates, limestones and sandstones derived from the
Paleogene strata, rare Devonian limestone clasts,
as well as granite, gneisses and metamorphic
schists. The same authors interpreted mappable
occurrences of the Cretaceous rocks that occur to
the south of Skrzydlna as huge olistoliths (olisto-
plaques).

MATERIALS AND METHODS

Geological field mapping was conducted on a scale
1:25,000 and the final interpretation involved Li-
DAR image analysis. Sedimentary features of the

strata outcropping in the open pit face at Skrzydl-
na were measured bed-by-bed. Azimuths of pal-
aeocurrent indicators were taken and 50 samples
for qualitative and quantitative (point counting)
analysis of mineral composition collected to rep-
resent all arenite varieties. Point counting analysis
involved identification of rock components at 300
observation points per thin section.

LITHOSTRATIGRAPHY
AND SEDIMENTARY FEATURES

In general, the quarry face exposes dark-colour-
ed menilite shales with a thick interbed of or-
ange-weathering sandstone followed by whit-
ish weathering limestone (Fig. 4). The limestone
is overlain by orange in colour MTD complex of
sandy conglomerates quickly passing upwards
into a fining-upwards (F-U) turbidite sequence.
The beds are dipping steeply and occupy strati-
graphically normal position dipping to the right
in the left-hand part of the quarry face; the dip
gradually changes to overturned towards the
right-hand part of the outcrop (Fig. 4).

bituminous mudstones, sandstones || MTD deposits I[

Sandstones & mudstones |
& limestones
_ bed parameters ~ Beddin s erosive contact between
25/70 dip direction/ dip magnitude e ng limestones and MTD complex \ Fault

Fig. 4. General view of the Skrzydlna quarry face showing subdivision into the main lithological intervals and gradual changes
of bed attitude. Dotted lines denote operational/mining levels 2-5 labelled in the photograph above
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Stratigraphically, the section at Skrzydlna
(Fig. 5) begins with the association of lithofacies
characteristic for the Menilite Beds. This unit is
a 53 m thick suite of dark, calcareous mudstones
with thin intercalations of turbidite sandstones
with current ripplemarks (Tc) followed by cherts
with siliceous mudstones and subordinate thin
sandstone layers. These are overlain by amalga-
mated thick sandstone beds succeeded by dark
mudstones with cherts and up to 12.5 m thick
- series of pelitic limestone with solitary cur-
rent ripplemarks and rare very thin laminae of
terrigenous/quartz sand. The limestone is hard,
very dark grey in colour, weathering light grey to
whitish and locally silicified; in general, they rep-
resent the lithotype of so-called Dynéw Marls.
Both, the dark mudstones and the limestones
are injected by sandstone dykes ranging from
5 cm to 30 cm across. The MTD complex above
marks tectonically-induced rapid change in con-
ditions of deposition, namely it is erosionally in-
cised in the underlying limestone and consists of
43 m thick suite of conglomerates with frequent
erosional bases, sandstones and very rare thin
mudstone beds, which form mud drapes mark-
ing breaks in coarse-clastic sedimentation. This
is followed by a 70 m thick irregularly fining-up-
wards (F-U) heterogeneous sequence of fine- and
medium-grained, thick- to thin-bedded sand-
stone beds and subordinate mudstones, including
classic turbidites; these rocks are called sandstone
complex further in the text.

The MTD complex base is uneven, grooved
and erosionally incised into the underlying lime-
stone complex, with grooves oriented along the
NW-SE trend.

The complex consists of five predominant
lithofacies:

A - Clast-supported conglomerate constitutes
the most coarse-grained facies of the MDT
sequence. Lower bed boundaries are usually
erosional, bed thickness attains 4 m, maxi-
mum clast diameter reaches 80 cm. The com-
ponents are poorly sorted, the structure is
massive, and chaotically distributed and ori-
ented clasts are embedded in sandy matrix.
Matrix-supported conglomerate facies is sub-
divided into two sub-facies based upon the

D -

coarsest fraction: Bl - exceeding 32 mm in
diameter (i.e. very coarse pebbles and boul-
ders) and B2 - with pebbles very fine to
coarse, less than 32 mm across. Both sub-
facies contain sandy matrix, with clay ma-
trix absent. Maximum clast diameter reaches
100 cm, maximum bed thickness varies from
150 cm to 350 cm, beds are either massive or
normally graded. Normal grading occurs as
two varieties: distribution grading or coarse-
tail grading. Large clasts are either chaotical-
ly distributed or aligned parallel to the bed-
ding, sometimes projecting above the upper
bed boundary. Lower boundaries are sharp
erosional or gradational.

The facies of conglomerate passing upwards
into sandstone is represented by usually medi-
um- to fine-grained conglomerates that occur
in the lower parts of beds and pass upwards to
massive or normally-graded sandstone inter-
vals.

Sandstones are medium- and fine-grained,
sometimes containing fine pebbles and gran-
ules in the lowermost part of bed. Structural-
ly are massive, sometimes containing trains
of mudstone rip-up clasts oriented parallel to
bedding. Normally graded varieties are ver-
tically transitional to ripple cross-lamination
intervals covering bed tops.

Mudstone beds form only a few horizons
5-15 cm thick, sometimes enriched in sand
grains in the lower part. Lower and upper
boundaries are sharp, with tops locally ero-
sionally dissected by the overlying conglom-
erate. Usually dark grey throughout, but
sometimes transitional upwards into black,
Menilite-beds lithotype.

Sandstone graded into mudstone: formed by
only two thick beds of coarse-grained sand-
stone normally graded to fine-grained, par-
allel-laminated arenite enriched in coalified
plant detritus, which evolves upwards into
massive mudstone top.

Sedimentary breccia forms one bed 50 cm
thick, laterally pinching out over a distance
of a few metres and composed of angular
mudstone and sandstone clasts embedded in
sandy matrix.
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Fig. 5. Lithological column of the succession at Skrzydlna (Siemitiska et al. 2017b, modified), sampling points and quantitative
results of mineral composition analysis of framework grains shown as bars. Intervals I-IV indicate facies complexes discussed
in text
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Conglomerates of facies A occur most com-
monly together with facies B and associations
of these two fill erosional channels incised into
finer-grained strata — C, D and E. There are sev-
en such channels in the whole MTD complex,
with the largest channel 3.3 m deep and at least
46 m wide (extending beyond the outcrop mar-
gin) (Fig. 6). Lateral transitions of facies A and B
are frequent and reflected by change in the sand

matrix proportion varying between clast- and ma-
trix-supported, which reflects considerable lateral
variations in hydrodynamic characteristics of the
flows. A few hybrid beds (Haughton et al. 2009)
composed of massive sandstone interval overlain
by debris of black mudstone derived from erosion
of the underlying reduced Menilite Beds and em-
bedded in sandy matrix occur locally in the MTD
complex.
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Fig. 6. MTD complex: correlation of individual measured sections distributed at the face of the quarry at exploitation levels
2-5 (shown in Figure 4). Note: frequent erosional contacts and rapid facies variations, both vertical and lateral (Siemiriska et

al. 2017a, modified)
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The upper boundary of the MTD complex is
marked by a 1 m thick layer of black mudstone,
which reflects a considerable break in coarse clastic
sediment supply. It is highly possible that the break
was caused by a period of tectonic quiescence.
Above, there is a fining upwards mixed sequence of
sandstones, mudstones and subordinate fine con-
glomerate layers. Four erosional channels, ranging
from 2 m to 15 m in depth characterise its lower
part and account for considerable lateral changes
of facies. They are filled with thick layers of sand-
stones, fine-grained conglomerates and mudstones.
Lateral migration of the channels towards the SW
is accompanied by a gradual decrease in grain size
of the infilling sediment. Very thick amalgamated
sandstone beds appear above. Overlying them is
a single channel, which marks a boundary between
the non-calcareous part of the succession below and
the overlying it sequence of quartz arenites contain-
ing admixtures of carbonate grains. This interval
contains layers of large- and small-scale cross-bed-
ded arenites (with current ripples and dunes) in-
terbedded with parallel-laminated sandstones. The
uppermost part of the succession is dominated

Craton
interior

Transitional
continental

Basement
uplift
arc

arc

Dissected

Transitional

by current-ripple laminated sandstones passing
into mudstones, and layers of mudstone. These
are interlayered with a few thin limestone beds.

Considering mineral composition, the sand-
stones present throughout the discussed succes-
sion belong to classes of quartz arenites, sub-lithic
arenites and wackes (Folk 1980). Significant pro-
portions of carbonate clasts appear only in the
youngest part, i.e. the uppermost half of the sand-
stone-mudstone succession. The point-counting
data plot on the Qm-F-Lt diagram (Fig. 7) with-
in the quartzose and transitional fields of recycled
orogen (Dickinson et al. 1983). Compositionally,
points representing sandstones from each litho-
logical subdivision plot within their own individ-
ual, however partly overlapping, area. In order to
simplify the discussion of these results, the lith-
ological subdivisions of the discussed succession
are here numbered in the stratigraphically as-
cending order (Fig. 5): I — the sub-MTD depos-
its; I - the MTD complex; two parts of the sand-
stone-mudstone complex, namely: IIT - the lower
part lacking carbonate grains, and IV - the upper
part containing carbonate grains.

Quartzose
A recycled

Transitional
recycled

Lithic recycled

F

Lt

(provenance fields by Dickinson et al. 1983)

Fig. 7. Qm-F-Lt diagram documenting mineral composition and provenance of sandstones from three divisions of the Menilite
Beds at SkrzydIna: I yellow — sub-MTD fine-grained division; II orange - MTD; sandstone-mudstone complex: III green — low-
er part lacking carbonate grains, and IV blue — upper part containing carbonate grains. Labels I-IV refer to the discussion in

the text
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In spite of the fact that the plotted clusters
overlap to a degree, it is possible to identify differ-
ences between them. Namely, the content of poly-
crystalline quartz and lithic grains of predomi-
nantly metamorphic rocks (gneisses, schists,
quartzites) increases in the succession from
I to III. This decrease in mineralogical maturi-
ty up the succession is considered to reflect un-
roofing related to the ongoing uplift of the source
area and defined as normal unroofing sequence
(Colombo 1994). Carbonate grains, so abundant
in IV, are mostly represented by skeletal grains
(up to 24%) and occasionally sand-size carbonate
rock fragments (less than 9%). In general, their
frequency increases in the stratigraphic succes-
sion of interval IV.

INTERPRETATION
AND DISCUSSION

In the turn of Eocene and Oligocene, in the north-
ern part of the Carpathian accretionary wedge
there was the Menilite-Krosno Basin subdivid-
ed into two depositories by an emergent eleva-
tion of the Silesian Ridge; these were the Dukla
- Fore-Magura Basin in the south and the Sile-
sian Basin in the north. The southern margin of
the Dukla Basin was marked by an elevation of the
Fore-Magura Ridge beyond which a broad Magu-
ra basin extended to the south. Deposition in the
Menilite-Krosno Basin was at that time dominat-
ed by the Menilite Beds - a facies association typ-
ified by organic-rich shales (Slaczka 1971, Ciesz-
kowski et al. 2009, Golonka et al. 2013).

The menilite shales outcropping at Skrzydlna
were deposited in low energy, deep, calm basin
interrupted by one stage of influx of rapidly de-
celerating, high-density, sandy turbidity currents
and recorded by an interlayer of massive amalga-
mated sandstone beds. Low-energy sedimentation
of the pelitic limestone beds deposited as pelag-
ic strata was interrupted at intervals by traction
currents transporting small quantities of terrige-
nous sand, which formed solitary/starved current
ripplemarks and very thin sandy laminae. The
sandstone dykes injected into the menilite shales
and the overlying limestones are interpreted here

as resulting from liquefaction of the underlying
sandstone beds (Dzulynski & Radomski 1957). It
is suggested that a sudden influx of quickly decel-
erating erosive turbidites and injection of fluid-
ised sand may be considered as the earliest indi-
cation of uplift, and seismic events, related to the
initial growth of the structure, which was to be-
come the emergent source area that later on shed
the MTD sediments.

The rapid uplift of the source area is indicat-
ed by extreme facies contrasts between the fine-
grained deposits of the sub-MDT strata and the
overlying MTD complex constituted by the asso-
ciation of facies, which are genetically interpret-
ed as follows: Clast-supported conglomerates of
facies A, characterized primarily by extremely
coarse clast sizes, massive beds up to 4 m thick,
sandy matrix, chaotic structure and erosional
lower boundaries are interpreted as deposits of
non-cohesive debris flows (Lucente & Pini 2008).
Two subfacies of matrix-supported conglomer-
ates are considered here as: (i) deposits of sandy
debris flows in case of very coarse grained mas-
sive conglomerates (subfacies Bl Lucente & Pini
2008), and (ii) high density turbidites represent-
ed by finer-grained, sandy, often normally-grad-
ed conglomerates with clasts aligned parallel to
bed boundaries (Lowe 1982, Shanmugam 1996,
Talling et al. 2012). Partition of C-facies beds
into two parts of clearly different grain-size (con-
glomerate and sandstone) can be interpreted as
result of deposition from bipartite sediment grav-
ity flows, i.e. initial gravelly debris-flow evolving
into high-density sandy turbidity current (Sohn
1999). Massive structure and mudstone rip-up
clasts characteristic for Facies D suggest high
erosional power and deposition by high-density,
quickly decelerating turbidity currents. Normal
grading passing into ripple-cross lamination in-
tervals towards the bed tops imply transitions to
low-density turbidites at the final stage of depo-
sition out of individual flows (Talling et al. 2012).
Mudstone beds (Facies E) represent rare breaks
in deposition of the coarse-clastic MTD inter-
vals. Sandy admixture in lower parts of some
normally-graded mudstone beds suggests depo-
sition out of strongly diluted turbidity currents
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(Bouma 1962). Massive, pure mudstone beds sug-
gest hemipelagic deposition. Normal grading of
sandstone interval in the lower part of Facies F
beds (sandstone grading to mudstone) suggests
deposition from high-density turbidity currents,
whereas the overlying parallel-laminated interval
enriched in coalified plant detritus implies tran-
sition to low density turbidite (Ghibaudo 1992).
The whole bed of such facies represents incom-
plete Bouma sequence Tabe. Sedimentary brec-
cia (Facies G) is interpreted as a small lens of
slumped layer of only partly lithified sandstone
and mudstone.

The common presence of black shale intraclasts
in the conglomerate beds suggests erosion of the
proximal part of the basin plain paved with the
dark-coloured sediments, which was uplifted and
thus transformed into slope adjacent to the elevat-
ed source. The lower part of the sandstone-mud-
stone complex is dominated by products of quick-
ly depositing sandy debris flows and high-density
turbidites (Talling et al. 2012). These evolve into
deposits of low density turbidites in the upper part
of the succession.

Considering the association of facies, indica-
tors of intense erosion synchronous with origin
of the MTD complex, deposition within a sub-
marine canyon eroded in response to rapid uplift
and emergence of the source zone may be suggest-
ed. The sequence of MTD evolving upwards into
F-U sandstone-mudstone suite records facies ret-
rogradation, which documents decreasing rates of
supply and dynamics of the sediment distribution
system.

The increasing proportion of polycrystalline
quartz and lithic grains of predominantly meta-
morphic rocks up the succession of intervals I-III
documents a decrease in the mineralogical ma-
turity interpreted as normal unroofing sequence
(Colombo 1994), which reflects progressive up-
lift of the source area. The appearance of the car-
bonate grains — products of a “carbonate factory”
at the source - in the upper part of the sand-
stone-mudstone complex (interval IV) is consid-
ered to reflect transition of the provenance area
from siliciclastic to mixed siliciclastic-calcareous.

A general increase of carbonate grains frequen-
cy up the interval IV suggests tectonic quiescence
that followed vigorous uplift and resulted in a de-
crease in supply of terrigenous detritus.

CONCLUSIONS

The heterogeneous succession outcropping at
Skrzydlna Quarry reflects significant variations in
sedimentation modes, controlled by rapid modi-
fications of the sediment supply and distribution
system caused by tectonic uplift of a newly formed
source area and transformation of a part of the
Dukla basin floor into slope.

Sandstone dykes and amalgamated sand-
stones in the lowermost part of the succession,
which originated within the basal, predominant-
ly very fine-grained sedimentary unit deposited
in a relatively stable anoxic basin, can be consid-
ered as the earliest indicators of the approaching
uplift of the basin floor and emergence of a local
source zone.

Rapid uplift and emergence of a new source
area are reflected by the MTD complex that con-
sist mainly of extremely coarse-grained deposits
emplaced mostly by non-cohesive debris flows
and high-density turbidity currents which were
deposited proximally to the emergent source area.

The F-U sandstone-mudstone complex, which
succeeds the MTD, resulted predominantly from
turbidity currents of high- and low-density; its
F-U sequence records facies retrogradation and
reflects decreasing rates of supply and dynamics
of the sediment distribution system.

Uplift and erosion of the source zone, i.e. nor-
mal unroofing succession, is indicated by increas-
ing content of polycrystalline quartz and lithic
grains, derived mainly from metamorphic rocks,
with simultaneous decrease in monocrystalline
quartz up the succession.

Rapid tectonic uplift responsible for deposi-
tion of the MTD complex was followed by tec-
tonic quiescence documented by the appearance
and gradual increase of admixture of carbonate
detritus in sandstones in the uppermost part of
the succession.
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