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Abstract: Sediment features, including foraminifera and nannoplankton content. §'%0, §'°C and §%s signals,
TOC and kerogen type, together with sequence patterns, were analysed to interpret the origin ol the Sub-Menilite
globigerina marl sequence (SMGMS) in the Polish Carpathians. Hemipelagites and fine-grained turbidites arc
shown to represent the dominant deposits of the SMGMS. The entire unit is interpreted to have originated
primarily from increased calcarcous nannoplankton and foraminifera production and consequently lowered calcite
compensation depth (CCD) duc to climate evolution within one long eccentreity cycle (414 ky). Climatic changes
forced by the obliquity (41 ky) and the short eccentricity cycles (ca. 100 ky) are suggested to be of the primary
responsibility for the distinctive vertical fluctuation of the CaCOj3 content in the fine-grained deposits of the
SMGMS. Lateral changes in the fluctuation patterns are interpreted as due to the highly contrasted morphology of
the seafloor relative to the CCD. This [actor, together with the regionally varying supply of terrigenous material,
were responsible for the lateral sequence changes. The clastic supply was controlled by the orbitally forced climate
changes and varied tectonic activity in the area. The SMGMS was not formed in areas typilied by high terrigenous
input.

Enhanced resedimentation of organic and siliciclastic material and oceanographic changes that lowered
carbonate production. were the main factors responsible for the retreat of the SMGM facies and the onset of the
Menilite beds.

Abstrakt: Praca prezentuje wyniki badan cech osadéw, w tym analizy zrdznicowania zespolow otwornic i
nanoplanktonu, sygnalow §'%0. 81 i 8345, calkowitej zawartosci wegla organicznego i typow kerogenu oraz
analizy wzordw sekwencji podmenilitowych margli globigerynowych (SMGMS) w Karpatach Polskich. Wyka-
zano. ze SMGMS zbudowana jest w przewadze z hemipelagitow i turbidytéw drobnoziarnistych. Cala sekwencja
jest interpretowana jako efekt wzmozonej produkcji nanoplanktonu wapiennego i otwornic i w konsekwencji
obnizonej glgbokosdei kompensacji  kalcytu. Procesy te byly spowodowane zasadniczo zmianami klimatu w
ramach jednego dlugiego cyklu ekscentrycznosci orbity Ziemi (414 tys. lat). Laczne wplywy réznych czynnikdw
zewngtrznych i wewnatrzbasenowych s wskazywane jako odpowiedzialne za cechy osadéw i wzory SMGMS.
Okresowe zmiany produkcji CaCOs3, kontrolowane przez sterowane orbitalnie zmiany klimatu w ramach kroét-
kiego cyklu ckscentrycznosei (100 tys. lat) oraz cyklu skosnosci (41 tys. lat) sq wskazywane jako glowne czynniki
odpowiedzialne za wyrazng pionowa fluktuacj¢ zawartosci CaCOj; w osadach drobnoziarnistych. Lateralne
roznice we wzorach fluktuacji sa interpretowane jako efekt silnego zrdznicowania batymetrii basenow sedymen-
tacji fliszu wzglgdem CCD oraz regionalnie zroznicowangj dostawy materialu terygenicznego. Dostawa materialu
terygenicznego byla kontrolowana przez orbitalnie sterowane zmiany klimatu oraz zréznicowana aktywnosé
tektoniczng obszaru.

Wzmozona resedymentacja materialu organicznego i silikoklastycznego oraz zmiany oceanograficzne, ktore
spowodowaly zmnic¢jszenie produkcji weglandw, sa wskazywane jako odpowiedzialne za ustapienie facji podme-
nilitowych margli globigerynowych i rozwdj sedymentacji warstw menilitowych.

Key words: marls. shales, deep sea deposits, cyclicity, productivity, orbital forcing, Eocene—Oligocene transition,
Carpathians, Poland.
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INTRODUCTION

The Sub-Menilite globigerina marl sequence (SMGMS)
represents one of the chief stratigraphic markers in the Car-
pathian flysch. The peculiarity of this sequence lies in the
concentrated occurrence of cream-yellow and greenish to
reddish marls rich in planktonic foraminifera. Moreover, the
SMGMS is enclosed in a part of the flysch sequence show-
ing striking changes in fine-grained deposits. These changes
start with the disappearance of red shales (generally upper
Middle Eocene) and terminate with the onset of dark-col-
oured deposits which become to prevail in the fine-grained
facies (lowermost Oligocene). The SMGMS occurs imme-
diately beneath a unit in which the fine-grained deposits are
essentially dark-coloured, i.e. the Menilite beds. The above-
mentioned changes across the Eocene—Oligocene boundary
are characteristic over the entire Carpathians. They mark
sedimentation in a gradually changing sedimentary environ-
ment.

Marls rich in globigerina are known to occur at the Eo-
cene-Oligocene transition along the entire northern margin
of the Alpine orogenic belt between the Western Alps and
Caucasus (see Rogl & Steininger, 1983). Such extensive
distribution suggests that at this time period sedimentation
in the entire region was strongly forced by overregional fac-
tors. Global changes of climate and paleogeographic
changes within and around the Tethys (e.g. Pomerol & Pre-
moli-Silva, 1986; Prothero and Berggren, 1992; Prothero,
1995; Dercourt et al., 1985), are implied to be of chief re-
sponsibility for the sedimentation development in the Car-
pathians (see Olszewska, 1983, 1984). However, the style in
which these factors influenced sedimentation of the entire
SMGMS is only generally known so far.

The SMGMS displays distinctive thickness and lithol-
ogy variability. The variability has been described in gen-
eral in the literature (e.g. Jasionowicz, 1961a; Bieda er al.,
1963; Gucwa & Slqczka, 1972; Rajchel, 1990). Neverthe-
less, its origin has not been investigated more critically until
very recently (see Krhovsky er al., 1993; Leszczynski,
1996). In the older literature, the SMGMS was generally re-
garded as consisting of entirely pelagic deposits. Moreover,
sedimentary conditions of the SMGMS were interpreted
relative to those preceding and succeeding deposition of this
unit (e.g. Gucwa & Slaczka, 1972). Paleogeographic trans-
formations of the Carpathian area, global oceanic changes
and volcanic activity in the Carpathians were suggested to
represent the primary controls of sedimentation of the
SMGMS-characteristic marl (see Ksiazkiewicz, 1960; Guc-
wa & Wieser, 1980; Olszewska, 1983, 1984; Danysh ef al.,
1987). Van Couvering et al. (1981) and Olszewska (1983,
1984) recognised that the microfossil assemblages con-
tained in the SMGMS are indicative of a cool sea. The sedi-
mentation of this unit was ascribed to a period of global sea
level and associated CCD drop (see Van Couvering ef al.,
1981; Olszewska, 1983, 1984; Rajchel, 1990).

The first detailed analysis of the entire SMGMS, re-
ferred to as the Sheshory marl unit, was accomplished by
Krhovsky ef al. (1993) in several closely spaced sections in
the area of UherCice (Czech Carpathians). Krhovsky ef al.
(1993) focused on vertical lithologic variability of the se-
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quence and interpreted it as resulting from both simultane-
ous long-term trend of climate and paleogeography changes
in the Carpathian area and short-term climate fluctuations
forced by Milankovitch orbital cyclicity. A similar interpre-
tation was also proposed by the present author in a short
note based on five SMGMS sections in the Silesian nappe of
the Polish Carpathians (Leszczynski, 1993a). Further inves-
tigations suggested that the sedimentation of the SMGMS
was possibly controlled by a long-term change in the sedi-
mentary environment and mass resedimentation processes
(Leszczynski, 1993b). The detailed analysis of the SMGMS
at Znamirowice (Leszczynski, 1996) led to the conclusion
on orbitally forced climate changes accompanied by inter-
mittently changing tectonic activity of the area. These fac-
tors were inferred to have influenced the sedimentation both
directly and through their derivatives, i.e. sea level changes
and changes of terrigenous input. The entire section was in-
terpreted as formed within one 414 ky eccentricity cycle.

This paper aims at analysing the nature of the SMGMS
deposits in the entire Polish Outer Carpathians. Its main goal
is (1) to document the SMGMS details, (2) to evaluate the
SMGMS distribution, (3) evaluate the lithological variabil-
ity of the uppermost Eocene—lowermost Oligocene in the
Carpathians, and (4) to interpret the origin of rocks em-
braced in the SMGMS, particularly with respect to the chief
factors responsible for sedimentation of the light-coloured
marls and for the overall SMGMS patterns.

MATERIAL AND METHODS

Twenty-five sections from different areas of the Polish
Outer Carpathians (Fig. 1) were examined in detail. Unfor-
tunately, the SMGMS is usually hidden under a thick cover
of Quaternary deposits. Moreover, this part of the flysch se-
quence is usually significantly deformed. In many sections,
the SMGMS is tectonically reduced or occurs in lumps be-
neath overthrusts. Thus the accessibility of sections signifi-
cantly influenced the investigation methods and the gath-
ered data.

Rock type, colour, reaction with HCI, bed thickness,
sedimentary structures and textures, and the nature of bed
contacts were recorded for each mesoscopically distinguish-
able layer in the section. These features were used to deter-
mine facies, their vertical arrangement, and lateral sequence
variability. The deposits were related to the facies of the
Pickering et al. (1986) classification scheme (Tab. 1).

The gathered data supplemented with facts from the lit-
erature were used for preparation of lithostratigraphic sche-
mes and facies maps.

Laboratory work followed the procedure employed ear-
lier in the analysis of the Znamirowice section (see Lesz-
czynski, 1996, also for description of the methods). The fol-
lowing parameters were examined in the laboratory:

— microfeatures of the deposits;

— foraminifera and their distribution;

— calcareous nannofossils and their distribution;

— amount and type of carbonates;

—amount and type of organic matter;

— major elements and their concentration;
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— signals of oxygen, carbon and sulphur stable isotopes.

Microfeatures, 1.e. deposit texture and microstructures,
and mineralogical composition were investigated in 40 thin
sections, mainly of marl and sandstone, from different sec-
tions.

Foraminifera content was checked in 45 washed sam-
ples of the fine-grained deposits from the Bébrka (11), Zu-
bracze (4), Wislok Wielki (7), and Grodek-Koszarka (23)
SMGMS sections. At Bobrka and Grodek-Koszarka, sam-
pling was performed on the entire SMGMS sections, includ-
ing the immediately subjacent and overlying rocks. The pro-
portion of planktonic, benthonic calcareous and agglutinat-
ing species was estimated in each sample. In the samples
from the Wistok Wielki section, the amount of specimens
of particular group was counted with the help of E. Malata.
Foraminifera distribution in the rock mass and their size
variability were examined in thin sections. Data concerning
taxonomic composition of the foraminifera assemblages of
the SMGMS was taken from the literature.

The content of calcareous nannofossils and their preser-
vation were investigated briefly using scanning electron mi-
croscope (SEM) in 10 samples. The data conceming taxo-
nomic composition of nannofossil assemblages was taken
from the literature.

Carbonate content was determined from the amount of
inorganic C, in 62 samples from the sections at Kroscienko
(30), Zubracze (14), Wistok Wielki (7), Grédek-Koszarka
(8), using Coulomat 702 at the Institute of Geological Sci-
ences of the Jagiellonian University. The total inorganic
carbon content as determined by Coulomat, was recalcu-
lated into CaCO3. Consequently, the results show only the
maximum possible content of this compound. Carbonate
types of and their relative amounts in the soft and hard light-
coloured marl were analysed by conventional X-ray diffrac-
tion technique (XRD). The analysis was executed at the In-
stitute of Geological Sciences of the Jagiellonian University
in 6 samples of a soft marl and four samples of its hard, con-

cretionary variety.

The type and amount of organic matter (i.e. type of
kerogen and total organic carbon content; TOC) were deter-
mined in 47 samples by the Rock-Eval pyrolysis. Bulk rock
samples from the SMGMS and the adjacent rocks, from the
section at Kroscienko-Granica (22), Obarzym (3), Darow
(5), Bobrka (3), and Zubracze (14) were analysed. The
analysis was executed at the Faculty of Geology, Geophys-
ics and Environmental Protection of the Mining and Metal-
lurgy Academy in Krakéw. The determinations were made
according to the method of Espitalié et al. (1977). The hy-
drogen and maximum temperature indices (HI and Tmax)
were plotted on a diagram of Delvaux et al. (1990). In fifty-
nine samples, TOC content was determined additionally by
Coulomat. Samples from the sections at Kroscienko-Grani-
ca (30), Zubracze (14), Wistok Wielki (7), Grodek-Koszar-
ka (8) were analysed. The analysis was executed at the Insti-
tute of Geological Sciences of the Jagiellonian University.

X-ray fluorescence analysis (XRF) of ten samples from
the SMGMS from Leluchéw (5) and Siekierczyna (5) was
applied to recognise ten major elements and their concentra-
tion in greenish and reddish marls and shales. The analysis
was executed by the spectrometer Phillips PW-1450 at Acti-
vation Laboratories Ltd in Canada. The results were also
used to interpret the chief mineral phases of these rocks.

The oxygen and carbon stable isotope analysis was
made on bulk rock in 37 samples from the sections at
Kroscienko-Granica (17) Zubracze (14), and Wistok Wielki
(6). The analysis was executed at the Institute of Geochem-
istry, Mineralogy and Ore Formation of the Ukrainian
Academy of Sciences in Kiev. [sotopes were measured with
mass-spectrometer Mi 12-01 Sumy on CO2 released by
phosphoric acid digestion of carbonates contained in the
bulk rock. Moreover, sulphur stable isotopes in sulphides
were also determined in that laboratory, in 30 samples from
the SMGMS at Znamirowice.
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STRATIGRAPHY
PREVIOUS WORK

The Sub-Menilite globigerina marl was originally dis-
tinguished in the area of Krosno by Grzybowski (1897; see
Fig. 1 for location). Grzybowski described this unit as a 8-
metres thick package of light-coloured marly shales rich in
globigerina that occurs below the Menilite beds, and grades
downwards into a 10-metres thick package of grey shaly
clays. Moreover, Grzybowski suggested a Late Eocene age
for the “marly shales”. Deposits of this type were further re-
corded also in other areas.

Nowak (1927) was first who concluded that the light-
coloured marls representing the type facies of the SMGMS
are characteristic of the uppermost part of the Eocene over
the entire Outer Carpathians. Hiltermann (1943) distin-
guished the sequence embracing these deposits as the Glo-
bigerina beds. Bieda (1946) called these deposits “Globiger-
ina marls”. He also emphasised their significance for the
stratigraphy of flysch of the Polish Carpathians (Bieda,
1951). On the basis of his foraminifera research, Bieda
(1951) interpreted the Globigerina marls as representing up-
per part of the Middle Eocene and lower part of the Upper
Eocene (Tab. 2). In many papers, the globigerina marls were
mentioned exclusively as a rock type (e.g. Bieda, 1951;
Jasionowicz, 1961a, b; Blaicher, 1961, 1967; Ksigzkiewicz,
1962). The entire sequence embracing the SMGMS-charac-
teristic marls was frequently mentioned as the Globigerina
marl horizon. Jucha and Kotlarczyk (1961) questioned the
stratigraphic significance of this unit. In subsequent papers,
however, Kotlarczyk (1985, 1988b) admitted the wide-
spread occurrence of the Globigerina marl horizon in the
Carpathians.

The name “Sub-Menilite globigerina marls” was pro-
posed by Koszarski and Wieser (1960) in order to distin-
guish these deposits from other globigerina-bearing marls.
Koszarski and Zytko (1961) showed further that the strati-
graphic location of the Sub-Menilite globigerina marls in the
rock sequence of the Dukla, Silesian, Sub-Silesian and the
Skole nappes is slightly different. Bieda ef al. (1963) noted
lateral differentiation in the thickness of the SMGMS.

The sequence embracing the marls became portrayed in
many papers (e.g., Koszarski & Wieser, 1960; Szymakow-
ska, 1962; Blaicher & Sikora, 1963; Gucwa & Slqczka,
1972). Green and dark-grey shale, brown marl and different
sandstone types were shown to alternate with the SMGMS-
characteristic light-coloured marls. In some sections, the
Sub-Menilite globigerina marls were not registered (e.g.
Koszarski & Wieser, 1960; Jasionowicz, 1961b). Green
shales were there recorded to pass into the Menilite beds.

In the Magura nappe, the rock sequence embracing the
SMGMS chronostratigraphically equivalent marls was re-
cently distinguished as the Leluchow Marl Member within
the Malcov Formation (Birkenmajer & Oszczypko, 1989).
In the Skole nappe, the SMGMS was distinguished as the
Strwigz Globigerina Marl Member within the Hieroglyphic
Formation (Rajchel, 1990), and as the Globigerina Marl
Formation by Malata (1996).

Since the interpretation by Blaicher (1961), the
SMGMS has been considered as representing the uppermost

Eocene (Tab. 2). However, there is some controversy in as-
signing the upper boundary of this unit. According to the
earlier proposals by Blaicher (1961, 1963, 1964), the upper-
most Eocene is spaned by the entire package. Similar inter-
pretations were further proposed also by Van Couvering et
al. (1981) for the SMGMS at Znamirowice and Krosno and
by Malata (in Oszczypko et al., 1990) and Oszczypko
(1996) for the SMGMS lithostratigraphic equivalent, the
Leluchow Marl Member. According to the subsequent pa-
pers by Blaicher (1967, 1970), Olszewska & Smagowicz
(1977) and Olszewska (1983, 1984, 1985), the top part of
the SMGMS belongs to the lowest Oligocene.

The SMGMS was correlated with the P 17 and partly P
16 (Van Couvering et al., 1981) or P 18 (Olszewska, 1985)
foraminifera zones and with the NP 20 and lower part of NP
21 (Van Couvering et al., 1981) or with the NP 19/20
(Oszczypko, 1996) calcareous nannoplankton zones. How-
ever, the relationship of the standard foraminifera and cal-
careous nannoplankton zonations to the foraminifera and
nannoplankton distribution in flysch of the Polish Carpa-
thians is not precisely known. The accuracy in the strati-
graphic assignement of the SMGMS is constrained by im-
perfect biostratigraphic zonation and problems arising with
correlating different zonations (e.g. Bolli er al., 1985;
Berggren & Miller, 1988; Berggren et al., 1995; see Tab. 3).
In light of the available biostratigraphic data, coupled with
the recently proposed Cenozoic time scale (Berggren ef al.,
1995), the SMGMS appears to span at least the upper part of
the P 16 to lower part of P 18 foraminifera zones and the
upper part of the Zone NP 19/20 ?to lower part of NP 21
(Tab. 2).

DEFINITION OF THE SMGMS IN THIS PAPER

The SMGMS is here considered as a package of rocks
dominated by cream-yellow, beige, yellowish-green, green-
ish-grey and/or reddish marl that occurs above the sequence
in which fine-grained deposits are predominantly green (i.e.
the Green shale unit or its chronostratigraphic equivalents),
and beneath the sequence in which fine-grained deposits are
predominantly dark-coloured (i.e. the Sub-Chert beds, rep-
resenting lower part of the Menilite beds or Menilite Forma-
tion, cf. Swidzinski, 1948).

SMGMS AND THE PRIABONIAN-LOWER
RUPELIAN ROCKS IN THE POLISH
CARPATHIANS

Inner Carpathians

The Priabonian—lower Rupelian rocks occur in the
lower part of the Podhale Palacogene (see Roniewicz,
1979). The SMGMS chronostratigraphic equivalent seems
to be represented by calcareous shales and marls that occur
locally between the Nummulitic limestone and the mud-
stones and sandstones of the Zakopane or Szaflary beds (see
Radomski, 1958; Roniewicz, 1979), and, in some areas, by
the uppermost part or the entire(?) unit of the Nummulitic
limestone (see Blaicher, 1973; Sokotowski, 1985; Ciesz-
kowski, 1996 — personal inform.; Kepinska, 1997).
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Table 3

SMGMS stratigraphic interpretations in terms of different time scales
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Olszewska, 1985 ; ca. 7m above SMGM (Van Couvering et al., 1981)
Data by i
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Oszczypko, 1996

Magura nappe

The Priabonian sequence in the Magura nappe is domi-
nated by thick-bedded sandstones (Poprad Sandstone Mem-
ber of Birkenmajer & Oszczypko, 1989) in the southern and
central part of the nappe, corresponding to the Krynica, Sacz
and Gorlice subunits (see Oszczypko, 1992a, b, c; Fig. 2). In
the northern zone, i.e. in the Siary subunit (Wectawik,
1969), fine-grained deposits predominate in the Priabonian
(Bieda et al., 1963; Oszczypko, 1992a, c). These are green-
ish- and bluish-grey, green, (?red), grey and dark-grey cal-

careous and noncalcareous shales and marls of the Sub-Ma-
gura beds and the upper part of the Variegated shale unit
(see Blaicher & Sikora, 1963; Ksiazkiewicz, 1966, 1974;
Sikora, 1970; Cieszkowski, 1992a).

Calcareous fine-grained deposits are concentrated in the
top part of the Priabonian sequence, except for the Nowy
Targ area. These are represented by dark-grey to greenish-
grey shales and greenish-grey to yellowish-green, cream-
yellow and reddish globigerina-bearing marls. This part of
the sequence corresponds chronostratigraphically and in
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part lithostratigraphically to the SMGMS (see Blaicher &
Sikora, 1963, 1967, Sikora, 1970; Oszczypko, 1973). In the
Siary unit, such sequence is enclosed in the Sub-Magura
beds (see Blaicher & Sikora, 1963; Sikora,.1970; Jedno-
rowska, 1966). In the remaining part of the nappe, it is rep-
resented by the Leluchéw Marl Member (Birkenmajer &
Oszczypko, 1989) known from Leluchéw (Swidzinski,
1961; Blaicher & Sikora, 1967) in the Krynica unit and from
the Nowy Sacz area in the Gorlice unit (Oszczypko, 1973).
In the Nowy Targ area (Krynica unit), the upper part of Pria-
bonian is equivocal. The normal to sandy flysch deposits of
the Malcow Formation (Lower Oligocene) occcur there im-
mediately above the Poprad Sandstone Memebr (Cieszkow-
ski, 1985b).

The Leluchow Marl Member at Leluchéw (investigated
also by the present author; Fig. 3) comprises mainly pinkish-
red and and greenish-grey marl (Fig. 3A-C). Khaki-coloured
and dark-brown marl, green and dark-grey calcareous to
noncalcareous shale and several very thin sandstone layers
occur intercalating the green marl in the upper part of the
sequence. The red marl is intensely bioturbated. Planolites,
Chondrites and Thalassinoides are there the most common
burrows. The sequence is underlain by green calcareous
shale (see Oszczypko, 1996) and is overlain by dark-col-
oured shale with intercalations of cherts, tuffites and sand-
stones (Smereczek Shale Member included to the Lower
Oligocene Malcov Formation — Birkenmajer & Oszczypko,
1989).

In the Nowy Sacz area, a several metres thick package
of cream-yellow, light-grey to dark-grey and olive-green
marls with bluish calcareous shale and glauconitic sand-
stone intercalations was included to the Leluchow Marl
Member (see Oszczypko, 1973; Oszczypko et al., 1990).
The unit is underlain by a 10 metres thick sequence of dark-
grey shale with sandstone intercalations, whereas the nor-
mal to sandy flysch of the Malcov Formation occurs above
(see Oszczypko, 1973; Oszczypko ef al., 1990).

In the Siary unit, the upper Priabonian deposits are
overlain by the sandy to normal flysch of the Magura glau-
conitic sandstone unit and/or the shaly flysch of the Supra-
Magura beds, both representing the Rupelian (see Oszczyp-
ko, 1992a, b, ¢). Green and dark-grey calcareous to noncal-
careous shales mainly represent the fine-grained deposits in
these units (see Ksiazkiewicz, 1966; Bromowicz, 1992; Cie-
szkowski, 1992a).

Sub-Magura units (SMU)

The tectono-facies units located between the Magura
nappe and the Silesian nappe, i.e. the Dukla nappe, Fore-
Magura thrust-folds, Grybow unit, Obidowa-Stopnice unit,
Jasto nappe and the Michalczowa unit, are here considered
jointly as the Sub-Magura units (SMU). The Priabonian se-
quence in the SMU, except for the Jasto nappe and the Fore-
Magura thrust folds, is represented in its lower part by pri-
marily green and grey shales alternating with grey to green-
ish-grey siliceous to calcareous thin-bedded fine-grained
sandstones (Hieroglyphic beds; Tab. 4, Fig. 2; Slqczka,
1970; Cieszkowski, 1992a). In the northern Fore-Magura
thrust-fold, locally in the southern fold, and in the Jasto
nappe, variegated shales or marls (red and green) are re-

S. LESZCZYNSKI

corded in the Upper Eocene (see Koszarski, 1985; Paul et
al., 1992; Tab. 4).

A several metres- to several tens of metres-thick pack-
age dominated by dark-green noncalcareous shales (Olive-
Green shale unit or simply the Green shale; Koszarski &
Zytko, 1961) occurs usually above the Variegated shale,
Variegated marl or the Hieroglyphic beds. Dark-coloured
shales become more common in the upper part of the unit.
Locally, e.g. between Daréw and Komancza in the Dukla
nappe, the Green shale unit is not individualised. The Hiero-
glyphic beds pass there upwards immediately into the
SMGMS.

The Green shale is usually overlain by a several metres
to several tens of metres thick sequence in which greenish-
grey, beige-grey, and grey globigerina-bearing marls occur
concentrated (Tab. 4; Figs. 4, 5). This unit is generally re-
garded as the SMGMS (see Slqczka, 1959; Koszarski et al.,
1961). It was investigated by the author in detail in one sec-
tion, in the Ropa window and in four sections in the Dukla
unit (Fig. 1).

The marl within the SMGMS occurs in thin to thick
beds (Figs. 6-7). Thin to medium-thick layers of grey to
dark-grey calcareous to noncalcareous mudstones, green
calcareous to noncalcareous muddy to clayey shales, as well
as thin to thick sandstone beds alternate the marls in differ-
ent proportion. Single sandstone beds, with the maximum
thickness up to 2 metres, are also present. Moreover, single
thick beds of chaotic deposits and thin layers of syderitic
marl occur there as well. The chaotic deposits were recorded
most frequently in the upper part of the SMGMS at the
Darow section (Figs. 5; 8A). The package dominated by the
globigerina-bearing marl is there ca. 30 metres thick. In con-
trast, the SMGMS lacking chaotic and coarse-grained de-
posits is only several metres thick (Figs. 4, 5). Mottling is
characteristic of the greenish-grey marl and shale. Concen-
trated Chondrites intricatus, Ch. targionii and Planolites
div. isp. burrows occur in some layers. Moreover, burrows
in a form of knobs and slightly curved hyporeliefs, up to 2
cm long and [-2 mm in cross-section, occur on the soles of
thin sandstone and siltstone beds.

The coarse-grained deposits of the SMGMS are domi-
nated by fine- to medium-grained, glauconite-bearing cal-
careous sandstones. The psammitic and psefitic fraction in
these deposits frequently includes a variety of biogenic ele-
ments similar to those in the Hieroglyphic beds.

In some sections, e.g. in the Obidowa-Stopnice unit,
marls characteristic of the SMGMS are lacking (see Cieszk-
owski, 1985a, 1992a; Burtan et al., 1992; Tab. 4). Fine-
grained deposits are here represented chiefly by greenish-
grey to yellowish-green calcareous mudstones and/or dark-
grey muddy shales. An intermediate-type sequence occurs
in the section at Ropa (Fig. 9). Fine-grained calcareous de-
posits include here mainly greenish-grey, yellowish-grey
and grey, poorly calcareous marls (maximum CaCOj3 con-
tent ca. 40%, see Gucwa, 1973), mudstones and muddy
shales.

In the southern Fore-Magura thrust fold, the unit em-
bracing detrital limestones or conglomerates to sandstones
rich in bioclasts of shallow-marine origin (Luzna of Uhlig,
1886; Koniakéw limestone of Szajnocha, 1925; Burtan &
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Chaolic deposil,
paraconglomerales

Thick-bedded sandslone & conglomerate
wilh subordinale shale inlercalalions

Thin- lo thick-bedded sandslone
wilh shale inlercalalions

Thin- to medium-bedded sandstone
wilh shale intercalations

Alternalion of thin-bedded
sandstone & shale

Alternation of thin- {o lhick-bedded

Light-coloured marl witk. sandslone,

sandslone, shale and marl
Dark-coloured shale with sandslone,
& marl; somelimes cherl intercalalions

Variegaled shale {red & green)
Variegated marl & shale
(red & green)

Light-coloured marl, subordinalely
green & dark-grey shale

dark-grey & green shale intercalalions

Thick-bedded dark-coloured marl
wilh sandslone & shale inlercalalions

Dark-grey & brown, plaly,
hard marl wilh shale & chert
inlercalalions

Dark-green shale, subcrdinately
grey & dark-grey shale

Dark-grey, grey & brown marl, dark-grey
& dark-green shale, somelimes
intercalations of sandslone & tulfiles

Generalized stratigraphy of Priabonian—Rupelian deposits in the Polish OQuter Carpathians. Unit names given in simplified form

ar'iegéled Marl & She;le'

LU L]

Black, brown & dark-grey shale,
wilh rare sandslone inlercalalions

Cherts allernaled by black & brown
shales, rarely sandstone intercal

Cherts, black and brown shales,
siliceous marls, rarely sandstones

Black & brown shales wilh cherl
inlercalations, rarely sandstones

Dialomiles, dark-grey, black and
green shales, cherts, & sandslones



Explanation of symbols in stratigraphic logs

(TR

NONNOMESM

Alternalion ol thin-bedded grey,
dark-grey & brown mudstone
& muddy shale

Siliceous marl

Alternation of thin beds ol
siliceous marl and chert

Thin beds of cherts alternating
with dark-coloured (blackish) shale

Dark-coloured hard shale
(black & dark-brown)

Dark-coloured hard shale & thin
sandstone & siltstone intercalations

Brown to black mudstone & marl;
single tuffite layers

Alternation of thin to medium layers
ol dark-coloured mari & green shale
Alternation of thin to medium layers
of dark-coloured & green shale,
marl, siltstone & sandstone

Alternation of very thin grey, dark-
grey & black mudst. & ?marl layers
Alternation of very thin dark-grey
& grey shale & ?marl layers
Alternation of very thin dark-grey
& grey shale, matl & siltst. layers
Dark-coloured (dark-grey, blackish
to brownish) marl, mudstone &
shale; relative darkness shown
Parallel laminated

siltstone; Td

Sandstone in thin to thick

beds & lhin siltstone beds

22—
| =71
e —

N
3

Convoluted sandstone

Sandstone with chaotic structures,
shale, marl & biogenic clasts

Chaotic deposit: mudstone &
sandstone clasts in sandy mudst.

Breccia

- EEMEL

Limils of Sub-Menilite
globigerina marl sequence

Intervals shown in details
in other figures

Light-coloured marl in generai (i.e.
cream-yellow, beige, grenish-grey,
greyish-green, pinkish-red, brownish)

Cream-yellow marl
Yellowish-green marl
Greenish-grey marl
Greyish-green marl
Pinkish-red marl
Brownish-red marl

Light-brown marl

Lighl-coloured marl in general
& intercal. of dark and green shale

Light-coloured marl in general
& thinintercal. of green & dark-
grey shale, siltst.& sandstone
Alternation of dark & green
shale, marl, sandstone & siltst.

Alternation of dark &
green shale and marl

Alternation of very thin layers of
green & dark-grey shale,
siltstone & sandstone

Green calcareous shale
Green shale & thin intercal.
of dark-coloured shale

Green non-calcareous
shale

Hard marl {beige-coloured,
concretionary layers)

Fig. 3.

Limonite impregnate

LELUCHOW

=/t tr
Grensint

‘- s e =
- 2 e

Leluchow Marl Member

Lithofacies logs of the Leluchéw Marl Member (SMGMS-lithostratigraphic equivalent) in road-cutting above the church at

Leluchow (cf. Oszezypko, 1996). A — Generalized log of the Leluchéw Marl Member (LMM) and adjoining parts of surrounding units.

B-D - Details of the section

Tectonic discontinuity

Pyroclastic rocks (tuffs)
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Fig. 4. Litholacics logs ol the Locene—Oligocene transition in selected sections of the Sub-Magura tectono-facics units (SMU). The
section at Ropa shows the Grybow unit in the Ropa window. The other sections are from the Dukla nappe. For explanation of symbols s

Fig. 3

1992; Cieszkowski, 1992a; Tab. 4).

In the southern marginal part of the Dukla nappe at the
Polish-Slovakian boundary (S of Jasliska), grey, brown and
green shales and thin- to medium-bedded quartzose sand-

Sokotowski, 1956) is regarded as the chronostratigraphic
equivalent of the SMGMS (Paul et al., 1996). In the other
units of the SMU, such rocks occur frequently in the lower-
most Oligocene (e.g. Szymakowska, 1966; Burtan et al,,
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Fig. 5.
see IMig. 3

stones represent equivalents of the SMGMS. According to
Slaczka (1970), these deposits may represent a passage to
the Papin beds, characteristic of this part of the Dukla nappe
in Slovakia.

The SMGMS and its chronostratigraphic equivalents
are overlain generally by deposits in which the fine-grained
facies is predominantly dark-coloured (dark-grey and grey
muddy calcareous shales, mudstones and marls, dark-brown
marls, black muddy to clayey shales). These deposits repre-
sent the Sub-Chert beds that are Rupelian in age. The se-

o]

Lithoflacics logs of the SMGMS in selected sections of Sub-Magura tectono-facies units (cl’ Fig. 4). I'or explanation of symbols

quence shows a significant lateral differentiation. Several li-
thostratigraphic units have been recognised here (Tab. 4; see
Swidzinski, 1950; Kozikowski, 1953; Burtan & Sokotow-
ski, 1956; Koszarski et al., 1961; Sikora, 1970; Sikora &
Szymakowska, 1977). Calcareous fine-grained deposits dis-
appear generally near the top of the Sub-Chert beds.

In the Michalczowa unit and in the bulk of the Dukla
nappe, an up to 250 m thick sequence embracing thick-bed-
ded coarse-grained sandstones intercalated by greenish-grey
and brown shales, and grey to dark-brown marls occurs
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Fig. 7. Dctailed litholacies logs of the upper part of the Olive-
green shale unit (A), bottom part of the SMGMS (B) and the
bottom part ol the Sub-Chert beds (C) in the Solinka river bed at
Zubracze (cf. Slaczka, 1973d). The exact location of logs within
the SMGMS are shown in Fig. 5. Facies symbols explained in Fig.
3. Shaded layers denote grey to black, usually calcareous mud-
stone (?marl) and shale
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Fig. 8.  Detailed lithofacies logs of the middle part of the
SMGMS (A) and the lower part of the Sub-Chert beds. 7 m above
the SMGMS (B) exposed in the river Wislok near Daréw. 4 km to
the west of the village Wislok Wielki. The exact location of A

within the SMGMS is indicated in Fig. 5B. For explanation of

symbols sec FFig. 3

0

Fig.9. Main features ol the SMGMS in the Chelmski strcam
bed at Ropa (cf. Sikora, 1970). For explanation of symbols see Fig.
3

above the SMGMS (see Cieszkowski, 1992a; Slaczka,
1970). This sequence in the first mentioned unit was distin-
guished as the Michalczowa sandstone (Skoczylas-Ciszew-
ska, 1960), whereas in the Dukla nape as the Mszanka sand-
stone (Warchotowska-Pazdrowa, 1929). The Mszanka sand-
stone is locally underlain immediately by the Green shale
unit or by a package of predominantly dark-coloured marls
and shales (Slaczka, 1970). Its contacts with the SMGMS or
with older deposits are either erosional (Slaczka, 1970) or
tectonic in origin. Several sandstone types were distin-
guished in both units, depending upon differences in texture,
sedimentary structures, bed thickness, and petrographic
composition (see Cieszkowski, 1992a; Slaczka, 1970). Bio-



genic particles occur frequently among the accessory con-
stituents of these sandstones (Slaczka & Unrug, 1966; Cie-
szkowski, 1992a). In the Jasto nappe, the SMGMS is over-
lain by normal to shaly flysch containing olistostromes in
some areas (Dulabka beds of Koszarski & Koszarski,
1985b).

In some sections, e.g., in the Zubracze area, a “zebra’”-
type facies occurs at the passage from the SMGMS to the
Sub-Chert beds. This facies consists of alternating 0.5 to 5
cm thick layers of greenish-grey to grey marl and greenish-
grey to black calcareous to noncalcareous mudstone and
shale. Moreover, 30 to 50 cm-thick bundles of lighter layers
alternate with darker ones (Fig. 74, C).

Silesian nappe

The Priabonian—lower Rupelian rocks of the Silesian
nappe are best known from the area between the Dunajec
river and the meridian of Sanok (Fig. 1). To the west of Du-
najec, their occurrences are scarce and poorly preserved (cf.
Ksiazkiewicz, 1962). To the east of Sanok, except for the
southern and northern marginal parts of the nappe, the se-
quence is known from subsurface sections only.

The Priabonian, except for the south-eastern part of the
nappe, appears to be comprised predominantly of dark-
green clayey to muddy shales (Green shale unit of Bieda et
al., 1963; Koszarski, 1985). These shales are intercalated lo-
cally by very thin beds of greenish-grey and grey noncal-
careous, hard-indurated sandstone and siltstone and thin to
very thin layers of grey and dark-grey, noncalcareous
muddy to clayey shales. Manganese concretions are fre-
quent in these deposits (e.g. Koszarski & Koszarski, 1985a).
The proportion of dark-coloured shales tends to increase up
the sequence. In the western nappe segment, the Variegated
shale appears to continue up into the Priabonian (see Ksigz-
kiewicz, 1962).

In the south-eastern part of the Silesian nappe, south of
Sanok, thin-to very thick-bedded sandstones occur concen-
trated in a several metres- to nearly 200 metres-thick se-
quence of the Upper Eocene (Priabonian). The sequence in-
terfingers with or replaces the SMGMS (Fig. 10 — Rudawka
Rymanowska; see Slaczka, 1968; 1973c). The sandstone
unit is called the Globigerina sandstone (Czernikowski,
1950; cf. Tokarski, 1968; Wdowiarz ¢t al., 1991), or the
Mszanka sandstone (see Slqczka, 1956, 1968; Bieda et al.,
1963; Blaicher, 1970). Thick-and very thick-bedded coarse-
grained, quartzose sandstones are particularly common here
(cf. Slaczka, 1968). Thin to medium-thick layers of clayey
to muddy dark-grey, brownish and dark-green shales alter-
nate with the sandstones. The intercalations of calcareous
dark-grey shales occur in the upper part of the unit (cf.
Wdowiarz et al., 1991). Moreover, thin beds of syderite are
frequent in the entire sequence.

The sandstone unit is overlain either by a several tens of
centimetres-to several metres-thick package of dark-green
shale, by the SMGMS, or by the Menilite beds (see Slaczka,
1956). However, up to 10 metres-thick SMGMS occurs usu-
ally above the Green shale unit and the Mszanka/Globiger-
ina sandstone in the Silesian nappe.

The SMGMS and the adjacent deposits were examined
in detail in 11 sections (Fig. 1). Cream-yellow, beige, yel-

lowish-green and reddish marls are characteristic of the
SMGMS in the entire Silesian nappe. The marls occur in
thin to thick homogeneous beds intercalated by grey and
dark-grey calcareous to noncalcareous muddy to clayey
shales, dark-grey to brownish, usually calcareous mud-
stones, thin siltstone and usually thin sandstone beds. The
amount of intercalations and their distribution vary in the se-
quence (Figs. 10, 11). The marls show either gradual pas-
sages both down- and upwards into green shale, or are
sharply terminated at top by a siltstone, sandstone or dark-
coloured mudstone. Fine-grained deposits frequently dis-
play bioturbation. Chondrites targionii, Ch. intricatus and
Planolites div. isp. are the most common burrows.

The lower boundary of the SMGMS is gradual in undis-
turbed sections (Figs. 12, 13), whereas its top is sharp or in-
distinct. Thinning upward layers of a light-coloured marl are
characteristic of the uppermost SMGMS. Moreover, the
proportion of dark-grey and brown to black calcareous mud-
stones and marls increases generally up the sequence (Fig.
14).

Single, thick sandstone beds within the SMGMS were
recorded only in the south-eastern part of the nappe, where
the Globigerina/Mszanka sandstone occurs. The sandstones
are commonly grey, calcareous, fine-to medium grained.
Some variability is displayed in their composition, texture
and sedimentary structures. All sandstone types known from
the Globigerina sandstone unit have been recorded here.
The calcareous material consists of carbonate mud and dif-
ferent bioclasts in the coarser fraction. Echinoderms, cal-
careous foraminifera, bryozoans, corallinae algae and mol-
luscs are represented in the biogenic material. A primary
lack of the SMGMS characteristic light-coloured marls is
suggested in some areas (e.g. near Sanok; Koszarski and
Wieser, 1960). Green shale is observed to pass there imme-
diately into the Sub-Chert beds.

The deposits overlying the SMGMS, i.e. the Sub-Chert
beds (lower Rupelian), comprise predominantly dark-col-
oured calcareous mudstones and muddy to clayey shales
and diverse proportions of different sandstone types. Simi-
larly as in the above described nappes, the “zebra”-type fa-
cies is very characteristic of the 1 to ca. 2 m-thick passage
between the SMGMS and the Sub-Chert beds. The Sub-
Chert beds dominated by fine-grained deposits (Sub-Chert
Menilite shales of Koszarski & Zytko, 1959) are up to 20 m
thick, whereas those containing sandstone lenses can be sev-
eral times thicker.

Intercalations of several thin and very thin tuffite layers
are characteristic of the sequence segment several metres
above the SMGMS top (Koszarski and Wieser, 1960). Van
Couvering e¢f al. (1981) dated zircons from two layers situ-
ated ca. 2 m apart in the Znamirowice section as 34.6 and
28.9 Ma in age.

Sub-Silesian nappe

The Priabonian—-lower Rupelian deposits are known
chiefly from fragmentary sections in the western and eastern
nappe segment (see Ksigzkiewicz, 1962). Variegated marls
and shales appear to embrace the entire Upper Eocene se-
quence (Priabonian; Fig. 2) in the western nappe segment
(see Liszkowa, 1956; Nowak, 1959; Ksigzkiewicz, 1962).
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Fig. 11.  Lithofacics logs of the SMGMS in selected sections ol the Silesian nappe (cl. Fig. 10). For explanation of symbols sce Fig. 3

Green shales with subordinate intercalations of thin-bedded
sandstones, manganese oxides and hydroxides and carbon-
ate concretions were recognised to underlie the SMGMS in
the central and eastern nappe segment (see Koszarski, 1956;
Olewicz, 1968; Burtan, 1978). Thick-bedded, yellowish-
grey and grey, calcareous, quartzose and micaceous sand-
stones replace the green shales in some places in the area of

Sanok (Przysietnica sandstones, Koszarski & Zgiet, 1961).
A 1.5 m-thick package of SMGMS, overlying the Green
shale, was described at Niebocko (ca. 15 km to south-west
of Sanok, see Blaicher, 1967). The package was illustrated
as consisting of a 1.4 m-thick marl bed underlain by three
thin beds of marl alternating with green shale that continues
further beneath the unit. Dark-coloured fine-grained depos-
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GRODEK-KOSZARKA
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Fig. 12. Generalized lithofacies log of the uppermost Eocene —
Lower Oligocene (A) and detailed log of the SMGMS (B, only
lower part of the unit is preserved) at Grédek-Koszarka. The
section is located in a small valey 2 km to E from the Roznow lake,
in the southern limb of the Rozndw anticline. For explanation of
symbols see Fig. 3

its (?marls, shales, mudstones) of the Menilite beds occur
above the SMGMS.

The deposits overlying the SMGMS in the Sub-Silesian
nappe, similarly to adjacent nappes, represent the Sub-Chert
beds. These appear to be developed in the facies of the Sub-
Chert Menilite shale (see Koszarski & Zytko, 1959). Dark-
brown marls rich in fish remains are mentioned from many
places. Sandstones appear to occur here subordinately and
mainly in a thin-bedded glauconitic variety. Single beds of
paraconglomerate occur here locally as well (Burtan, 1978).

Skole nappe

The Priabonian — lower Rupelian deposits are widely
distributed in the Skole nappe being well recognised in the
nappe segment east of the Wistok river. They were broadly
evaluated lithostratigraphically by Rajchel (1990) and Kot-
larczyk and Lesniak (1990). Another classification was pro-

383

SIEKIERCZYNA

Sub-Menilite globigerina marl

O...

Fig. 13. Lithofacies logs of the SMGMS and the immediately
underlying deposits at Siekicrczyna. The section is located in a
valley slope, ca. 1 km to N of the church in the village Brusnik,
southern limb of the Rozndw anticline. For explanation of symbols
see Fig. 3

posed by Malata (1996).

The lower part of the Priabonian sequence comprises
predominantly thin-bedded normal to shaly flysch (Bachorz
Shale and Sandstone Member of Rajchel, 1990; earlier as-
signed to the Hieroglyphic beds; Fig. 2). Medium to thick-
bedded calcareous sandstones alternate the deposits charac-
teristic of the Bachérz Shale and Sandstone Member in the
south-eastern part of the nappe (Chwaniow Calcareous
Sandstone Member of Rajchel, 1990). Moreover, highly
glauconitic and highly silicified sandstones and siltstones
(Wojtkowa Sandstone Bed and Wola Krzywiecka Chert
Bed of Rajchel, 1990) occur in the upper part of the Bachérz
Shale and Sandstone Member.

The overlying deposits are represented mainly by a
shaly package dominated by green and grey clayey shales
up to several tens of metres thick (Skopéw Green Shale
Member of Rajchel, 1990). In the eastern part of the nappe,
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Fig. 14. Detailed lithofacies logs of the passage from SMGMS
to the underlying deposits (A) and the upper part of the SMGMS
(B) at Rudawka Rymanowska; section in the river Wislok (cf.
Slaczka, 1973a). The exact location of logs within the sequence is
indicated in Fig. 11. For explanation of symbols see Fig. 3

S. LESZCZYNSKI

these deposits are replaced by chaotic deposits (Popiele beds
acc. Kropaczek, 1919; Popiele Member acc. Rajchel, 1990).

Different sandstone types are concentrated near the top
of the Skopéw Green Shale Member in the central part of
the nappe (see Rajchel, 1990). A package embracing grey,
calcareous sandstones, bioclast-rich conglomerates, green,
grey and brown clayey to muddy shales, thick beds of grey
mudstones and rare siderite layers, was distinguished by Ra-
jchel (1990) as the Bartkowka Calcareous Sandstone Mem-
ber. Moreover, zebra-type deposits, consisting of alternating
very thin, green and grey calcareous to noncalcareous
clayey to muddy shale laminae, occur in some sections in
the topmost part of the Skopéw Green Shale Member (e.g. at
Leszczawa Gdrna and Sosnice).

The above mentioned deposits are overlain by the
SMGMS (Strwiaz Globigerina Marl Member acc. Rajchel,
1990; Globigerina Marl Formation acc. Malata, 1996).The
present author examined this unit in detail in six sections
along the central part of the nappe (Figs. 1, 15, 16). A
cream-yellow, yellowish-green and beige soft marl is the
most common lithotype within the SMGMS. A reddish and
chocolate-coloured soft marl as well as layers and lenses of
hard marl occur there subordinately. Moreover, green and
grey, calcareous to noncalcareous, muddy to clayey shales,
brown, calcareous mudstones, thin and very thin siltstone
beds, thin, rarely thick sandstone beds, limonite impregnate
lenses and thin layers occur as intercalations in the soft
marls (cf. Rajchel, 1990).

The light coloured soft marl occurs in usually indistinc-
tively bounded beds of variable thickness. Sharp bases oc-
cur only at contacts with some sandstone beds. Bed tops are
most frequently sharp. Proportion of the light coloured marl
to other rocks in the sequence is variable. It appears to not
exceed 80% in the most complete sections. Like in the pre-
viously described nappes, marls appear and disappear
gradually in undisturbed sections (Fig. 17). Concentrated
Chondrites intricatus and Planolites div. isp. occur particu-
larly within the Tcd division of turbidites and in dark-col-
oured fine-grained deposit. Different sandstone-types occur
within the SMGMS (see Rajchel, 1990). Bluish, turning to
beige and brown, calcareous fine-grained sandstones are
represented most profusely. Bioclasts are commonly recog-
nizable in the psephitic fraction. The thickness of the com-
plete SMGMS varies between 6 and 12 metres. According
to Jasionowicz (1961b), the SMGMS is lacking near
Lodyna (SE part of the nappe) and the Hieroglyphic beds
pass there upwards into the Menilite beds.

Zebra type deposits, consisting of alternating very thin
and thin layers of green, dark-grey and dark-brown calcare-
ous to noncalcareous clayey to muddy shale, locally beige
marls, fine-grained sandstone and siltstone, occur usually
above the SMGMS. Their maximum thickness does not ex-
ceed 2 metres. Such deposits pass upwards into a thin to me-
dium-bedded alternation of brown marl, mudstone and
shale, black shale, grey siltstone, sandstone and in places
conglomerate (Jamna Dolna Member of Kotlarczyk &
Lesniak, 1990).

In the western and central nappe segment, the SMGMS
is overlain by a several to 70 m thick sequence of thin- to
thick-bedded grey and brown conglomerates and sandstones
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Fig. 16. Lithofacies logs of the SMGMS in selected sections of Skole nappe (cl. Fig. 15). For explanation of symbols see Fig. 3

Lesniak, 1990) occurs either above the Siedliska Member or
the zebra-type deposits. The upper part of this unit inter-
fingers with cherts (Kotéw Chert Member of Kotlarczyk,
1988a; Kotlarczyk and Lesniak, 1990).

rich in bioclasts, yellowish sandstones, brown marls and
mudstones, and beige marls (Siedliska Member of Kotlar-
czyk & Lesmak, 1990). A 20-30 metres-thick sequence of
medium to very thick-bedded, poorly cemented, cream-yel-
low, medium and fine-grained sandstone alternated by dark-
grey and black muddy to clayey shale (Borystaw sandstone
acc. Totwinski, 1917; Borystaw Member acc. Kotlarczyk &
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Fig. 17. Detailed lithofacies logs of the SMGMS and the under-
lying Bartkowka Sandstone Member (A) and upper part of the
SMGMS with passage to the Jamna Dolna Member (B) at Kros-
cienko-Granica; section in southern slope of the river Strwiaz, ca.
1 km from the Polish—Ukrainian frontier. The exact location of
logs within the sequence indicated in Fig. 16. For explanation of
symbols see Fig. 3

GLOBIGERINA MARL AT THE
EOCENE-OLIGOCENE TRANSITION IN THE
ALPINE-CARPATHIAN OROGEN AND ITS
FORELAND OUTSIDE THE POLISH
CARPATHIANS

Globigerina marls occur in different sequences at the
Eocene-Oligocene transition in the Alpine—Carpathian oro-
gen and its foreland (Tab. 5). The sequences differ in facies
and stratigraphy. In the Czech, Slovak and Ukrainian Carpa-
thians, litho- and chronostratigraphic equivalents of the
SMGMS are present (Tab. 5; see Mahel’ ef al., 1968; Sa-
muel, 1973; Vialov, Andreyeva-Grigorovich et al., 1987).
Like in the Polish Carpathians, the sequence embracing the
SMGMS-characteristic globigerina marl is underlain by
green shales dispersed locally by sandstones or chaotic de-
posits. It passes upwards into a sequence in which the fine-
grained deposits are predominantly dark-coloured.

In the Czech Carpathians, the SMGMS lithostrati-
graphic equivalent is known from the outer part of the oro-
gen, being best recognised at Uheréice, in the Zdanice unit
(see Krhovsky et al., 1993). These deposits were described
recently within the Sheshory Marl unit together with those
included in Poland to the Sub-Chert beds (see Krhovsky ef
al., 1993). The lower part of this unit was interpreted as be-
longing to the calcareous nannoplankton Zone NP 20
(Krhovsky et al., 1993). According to Roth & Hanzlikova
(1982), the SMGMS equivalent package in the Czech Car-
pathians, together with the lower part of the Sub-Chert beds,
represents Blow’s (1969) foraminifera Zones P 18 and P 19.

In Slovakia, the SMGMS lithostratigraphically equiva-
lent unit, named the Globigerina marl, is known from the Pi-
eniny Klippen Belt, and the Magura and Dukla nappes. Sa-
muel’s (1973) dating of these deposits appear to be still
valid there. The unit was interpreted as representing a lower
part of the Upper Eocene and becoming slightly younger
northwards. In fact, the sequence displays close litho- and
chronostratigraphic similarity to the SMGMS and its litho-
stratigraphic equivalent within the Sheshory marl of the
neighbouring parts of the’ Carpathians.

In the Ukrainian Carpathians, the SMGMS lithostrati-
graphically equivalent deposits were distinguished as the
Sheshory Horizon (Vialov, 1951) together with the overly-
ing rocks, distinguished in Poland as the Sub-Chert beds.
Subsequently, the Sheshory Horizon became restricted to
the lower part of the sequence (Vialov ef al., 1965). Its de-
scriptions show, however, that quite different deposits are
there included (see Vialov, Gavura & Ponomaryeva, 1987,
Vialov, Gavura & Danysh et al,, 1987; Dabagyan et al.,
1987; Andreyeva-Grigorovich ef al., 1987). The unit is gen-
erally interpreted as representing the calcareous nanno-
plankton Zone NP 21 (Vialov, Andreyeva-Grigorovich et
al., 1987; Vialov et al., 1988). In the Marmarosh area, that
was elevated relative to the flysch basins, marls rich in glo-
bigerina constitute the entire Middle and Upper Eocene
(Andreyeva-Grigorovich ef al., 1987).

In Romania, globigerina marl occurs in different lithos-
tratigraphic units spanning various time intervals (see Bom-
bita & Rusu, 1981). The closest equivalent to the SMGMS
occurs in the outer flysch nappes. It is represented by a
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SUB-MENILITE GLOBIGERINA MARLS

package of globigerina marl that interfingers with thin to
medium bedded micaceous sandstones (Lucacesti sand-
stone, see Micu ef al., 1981). The foraminifera Zones P15-
17, and calcareous nannoplankton Zone NP 21 were recog-
nised there (Bombita & Rusu, 1981). However, Micu (1987)
interpreted the unit as embracing the upper part of NP 21 to
lower part of NP 23. The Ardeluta beds represent the
equivalent of the Globigerina marl unit in some areas (see
Sandulescu et al., 1987). Either the thin-bedded flysch of
the Plopu beds or marly and shaly deposits of the Bisericani
beds occur beneath the sequence embracing the Globigerina
marl and Lucacesti sandstone. The overlying deposits are
represented by the Slaty-Bituminous shale and Fierastrau
sandstone, that are lithostratigraphically equivalent to the
Sub-Chert beds in the Polish Carpathians (see Sandulescu et
al., 1987).

In Transylvania, marl rich in globigerina, called the
Brebi marl, occurs at the Eocene Oligocene transition. The
NP 21 and lower part of NP 22 Zones are there recognised.
In the Getic depression, the globigerina marl is enclosed in
the Olanesti marl unit that is characteristic of the Middle and
Upper Eocene. The Buciumeni marl, called also Globiger-
ina marl, underlain by the Sortile marls, is characteristic of
the Priabonian (NP 19/20) in the inner flysch nappes. This
unit terminates there the flysch sequence.

In Hungary, the globigerina-bearing marl! is typical for
the entire Priabonian (see Baldi, 1984). The Buda marl, rep-
resenting calcareous nannoplankton zones NP 19/20 and
lower part of NP 21, is most closely related chronostrati-
graphically to the SMGMS. The Buda marl passes upwards
into the Tard clay that belongs to the upper part of NP 21
and the NP 22 to NP 23 zones, and corresponds in facies to
the Sub-Chert beds in the Polish Carpathians (see Krhovsky
et al., 1993).

In the Alpine foreland of Germany, the Globigerina
marl occurs in the upper part of Priabonian (Gramann ef al.,
1986). The marl is enclosed by the neritic deposits of the
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Stockletten lithotamnium limestones below and the Schoe-
necker fish shale above. The latter resembles in facies the
Menilite beds in the Carpathians.

In the Swiss Alps, the Upper Eocene Globigerina marl
is known from the Helvetic domain. The sequence starts at
the Lower—Middle Eocene transition in the eastern Switzer-
land and in the Priabonian in the central part of the country
(Herb, 1988).

SMGMS PECULIARITIES AND FACIES
DETAILS

The SMGMS shows significant lateral variability in
thickness, composition and vertical pattern over the entire
area of its occurrence in the Polish Carpathians. Except for
the Dukla nappe, the thickness of the complete unit appears
to range between 5 and 10 metres. There appears to be a
slight tendency for the cumulative thickness increase of
light-coloured marl and green shale parallel with a thickness
decrease of noncalcareous green shale (Fig. 18A) as well as
with an increase of the number of the noncalcareous green
shale layers (Fig. 18B). The most characteristic feature of
the SMGMS is the presence of the light marl and fluctuating
changes in the carbonate content in the fine-grained depos-
its. However, patterns of these fluctuations differ laterally
even within a distance of several kilometres (Fig. 11, comp.
the Znamirowice section with the section in Fig. 12B).

The following facies differing in texture, sedimentary
structures, and carbonate content were distinguished within
the SMGMS deposits: (1) light marl, (2) green shale, (3)
dark shale, mudstone and marl, (4) sandstone and siltstone,
and (5) chaotic deposits.

The individual facies occur in beds of different thick-
ness, and alternate with variable frequency in particular sec-
tions. A very distinctive, recurrent, vertical facies stacking
is recognizable in many sections (Fig. 19): the light marl
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Fig. 18. Relationship between the cummulative thickness of light-coloured fine-grained deposits (hemipelagites plus pelagites) in the
most complete SMGMS sections and the cumulative thickness of noncalcareous green shale (A), and between the cummulative thickness
of light-coloured fine-grained deposits and the number of the noncalcareous green shale beds (B)
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Soft light marl (cream-yellow,
beige, yellowish-green,
greenish-grey, reddish)

Hard light marl {beige)

shale

Green calcareous shale

Green non-calcareous

- Dark mudstone, shale and marl
(dark-grey, blackish to brownish)

S. LESZCZYNSKI

Sillstone

Sandstone

Fig. 19. Sequence styles and relationships between different facies within the SMGMS. Light marl usually passes down- and upwards
into green shale (B—E). Occasionally, light marl is sharply bound by a sandstone or siltstone layer (A). Dark-coloured mudstone. marl or
shale occurs sharply bounded from beneath, being underlain by green shale (A, D, E) or grades downwards into siltstone or sandstone
(A-D), and upwards into green shale. The relative CaCO3 content in fine-grained layers is shown by log width.

passes down- and upwards into the green shale or is sharply
bound from above either by the dark shale, marl, or by a
sandstone, whereas the green shale passes downwards into
the light marl or in dark shale, mudstone or marl. Rarely, the
light marl is sharply bound at the base by a sandstone.
Coarse-grained deposits usually occur within the less cal-
careous parts of the SMGMS. Bioturbation is common in
these deposits, disappearing generally near the top of the
SMGMS. Mottling and the Chondrites intricatus burrows
disappear last from the sequence. In its last occurrences, Ch.
intricatus penetrates only several millimetres beneath a bed
top (cf. Leszczynski, 1996).

LIGHT MARL

Soft, cream-yellow, beige, yellowish-green, greenish-
grey, beige-grey, and red, and hard beige marls were in-
cluded in this facies. Concentrated occurrence of soft light
marl beds is typical of the SMGMS as a whole. Cream-yel-
low and beige marl is distinctive of the SMGMS within the
Silesian, Sub-Silesian and Skole nappes. In the Dukla, Gry-
boéw and partly in the Magura nappe, greenish-grey and

beige-grey marl appears to predominate within the unit. Red
marl typifies the SMGMS in the Leluchow section. All these
mar! varieties occur in beds several centimetres to nearly a
metre thick, interbedded with other rocks. The beds of the
light marl facies display gradual passages both downward
and upward to green shale (Figs. 19B, D, E; Fig. 20). The
passages are accompanied by a decrease of the rock consis-
tency. The internal parts of the light marl beds are some-
times made usually up of a harder rock than their outer
zones. Slight, bedding parallel fluctuations in the colour and
consistency occur in some thick beds of the light marl.
These fluctuations are locally accompanied by flat or wavy
streaks and laminae of silt (Fig. 21). Moreover, pyrite and
limonite concretions, and lenses of limonite impregnated
rock occur within some beds of the light soft marl. Hard
marl layers are scattered in the sequence. Some of them oc-
cur within green shale, some other within the soft marl beds.
The hard marl frequently displays limonite coatings on
weathered surfaces.

Mottled structures, accentuated by changes in the rock-
colour and texture are characteristic of the light marl within
the SMGMS. Mottling is best visible on polished and
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Fig. 20. Gradual passage of light marl (in the middle) both
downwards (to the left) and upwards into dark shale; passage from
the SMGM to the Sub-Chert beds at Kroscienko-Granica (section
location as in Fig. 17)

Fig. 22.

Fig. 21. Dark-coloured layers of flat-laminated and wavy-lami-
nated silt and muddy silt, and lenses of cross-laminated silt inter-
bedded with greenish-yellow marl; upper part of the SMGMS at
Kroscienko-Granica (section as in Fig. 17)

Mottling in beige marl accentuated by colour differentiation. (A) Distinctive mottling, suggesting burrowing at least several

centimetres deep; SMGMS at Znamirowice (for section location see Leszczynski, 1996). (B) Weak mottling and Teichichmts-type burrow
in hard marl, SMGMS at Korzenna (section in southern limb of the Jankowa anticline, ca. 1km to NW of the church)

stained surfaces (Fig. 22). Distinctive burrows, particularly
Chondrites intricatus and Planolites ?div. isp. (Fig. 23) are
concentrated in thin beds and in the less calcareous levels of
thick beds. Less common are the burrows Thalassinoides
?div. isp. and Helminthopsis isp. Moreover, Alcyonidiopsis
pharmaceus, and granulated structures resembling Echi-
nospira and Zoophycos, Zoophycos isp. and Teichichnus
isp. also are recorded in some places (e.g. Leszczynski,
1996). Most distinctive are burrows displaying bed junction
preservation within hard marl beds (Fig. 24).

Thin section analysis have revealed highly differenti-
ated texture in the light marl facies. Its coarsest fraction con-
sists usually of planktonie foraminifera. The coarsest parti-
cles are distributed either chaotically (Fig. 25), or are con-
centrated within and around burrows (Fig. 26), or along bed-
ding parallel laminae (Fig. 27). These laminae occur single

or in sets consisting of several units. Coarse fraction disap-
pears gradually down- and upwards away from the lamina’s
centre. Some layers of the light marl, up to several centime-
tres thick, display normal grading and bedding-parallel
alignment of elongated particles (Fig. 28). T5 to T7 divi-
sions of the Stow & Shanmugam (1980) sequence or E2 and
E3 divisions of the Piper (1978) sequence are recognizable
in such layers. Such features were recorded particularly in
the greenish-grey and light-grey marl of the SMGMS within
the Dukla nappe and within the zebra-type deposits at the
passage to the Sub-Chert beds. Bioturbation appears to be
lacking there.

Analysis in scanning electron microscope has shown
that calcareous nannoplankton is the chief constituent ofthe
calcareous material of the light soft marl (Fig. 29; see also
Krhovsky et al., 1993; Oszczypko, 1996). According to the
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Fig. 23.

Distinctive burrows overprinting poorly expresed mottling in hard marl; Chondrites intricatus follows many of the large

burrows; SMGMS at Korzenna (section location see Fig. 22B). (A) IPlanolites isp.. Chondrites intricatus, Thalassinoides isp., and
IHelminthopsis isp. Lack of deformation in the most distinctive burrows indicates early lithification. (B) IPlanolites isp., Chondrites

intricatus, Thalassinoides isp.

Fig. 24. Concentration of? Planolites isp. and Chondrites intricatus in yellowish-green marl; SMGMS section at Znamirowice (section
location see Leszczynski, 1996). Burrows show bed junction preservation. (A) Plane view of Ch., poorly visible at this scale, concentrates
within larger burows. (B) Cross-sectional view of large burrows crowded in the upper part of the layer. Some large burows are filled and

suiTounded by Chondrites

texture, sedimentary structures and the composition (see be-
low), the soft marl corresponds to the Pickering et al. (1986)
facies G 1.2 and G2.1, whereas the hard marl can be corre-
lated with their facies G3.

GREEN SHALE

This facies is represented by the light green, grey-green
to dark-green (olive-green) muddy to clayey, calcareous to
noncalcareous shale. The green shale facies is particularly
characteristic of the lower part ofthe SMGMS. It disappears
nearly completely in the upper part of the sequence. The
number of green shale layers as well as their distribution in
the sequence varies from section to section.

The green shale facies is poorly bedded and shows a
tendency to split parallel with bedding. The shale showing
shiny splitting surfaces was considered as clayey whereas
that where the surfaces are rough and dull was found as a
more muddy. The latter tends to disintegrate into thicker and
more irregular pieces than do more clayey shales. Moreover,
the clayey shale tends to be greener, whereas the muddy
shale is rather grey-green. The colour changes are grada-
tional. They correlate to some extent also with the CaCO.i
content. A CaCO 3increase is reflected in a passage to light-
green or pale-green sediment. Calcareous green shale occurs
essentially within the SMGMS. The the green shale facies
within the SMGMS grades upward into light marl or is
sharply bounded by dark mudstone, marl, siltstone or sand-
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Fig. 25. Chaotic distribution of coarse IVaction within light, hard
marl. SMGMS at Rudawka Rymanowska (section location as in

Fig. 14)

Fig. 26. Bioturbational segregation of particles within light marl.
(A) Beige, hard marl with dark spot in the centre representing a
burrow fill composed of distinctively Finer material than the sur-
roundings. SMGMS at Komancza (section location as in Fig. 6).
(B) Concentration of coarse particles and organic matter within
?compacted Chondrites intricatus burrows in beige marl. SMGMS
at Kroscienko-Strwigz (section in the river Strwiaz, ca. 2 km to
SW of Kroscienko, southern limb of the Kiczera anticline). (C)
Beige, hard marl showing the concentric segregation of particles
within burrow. SMGMS at Korzenna (section location as in Fig.
22B). (D) Greenish-gray, hard marl showing the irregular distribu-
tion of particles ?due to bioturbation; elongate particles show
parallel alignment. SMGMS at Komaricza (section location as in
Fig. 6)
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Fig. 27. Beige, hard marl showing the coarsest fraction com-
posed predominantly of planktonie foraminifera tests, concen-
trated in laminae. SMGMS at Korzenna (section location as in Fig.
22B)

Fig. 28. Bedding parallel alignement of elongated particles in
greenish-gray hard marl; SMGMS at Komarncza (section location
as in Fig. 6)

stone (Fig. 19). The contacts of the green shale with the light
marl, as well as with some laminae of the dark-grey shale,
are gradational and many contacts are highly bioturbated.
Chondrites intricatus, Planolites isp., rarely Thalassi-
noides isp., Helminthopsis isp., and Alcyonidiopsis phar-
maceus occur at some levels in the green shale. Their most
common occurrences are recorded in layers showing colour
fluctuations. These burrows are usually emphasised there
with a slightly darker colouration or a slightly coarser fill
with respect to the host sediment (see Leszczynski, 1996).
Burrow concentration tends to increase towards the top of
such layers. Moreover, highly irregular changes of sediment
colour, recorded primarily at parting surfaces, suggest a

Fig. 29. SEM image showing the calcareous nannofossils as be-
ing the main constituents of light marl. Sample from SMGMS
section at Grédek-Koszarka (section location as in Fig. 12)

heavy sediment mottling. Nevertheless, similarly to the light
marl, scattered silty streaks are there recorded as well.

The mottled, non-graded green shale corresponds to the
Pickering et al. (1986) facies El .3 and G2. The graded shale
corresponds to facies E2.1. The interbedded laminae or
thicker layers of green, grey to dark-grey shale, including
relevant zebra type deposits, represent facies E|I.2.

DARK SHALE, MUDSTONE AND MARL

Dark-grey to black, muddy to clayey, calcareous to non-
calcareous shale and chocolate-brown marl are included to
this facies. Dark-grey, calcareous muddy shale and mud-
stone are the chief representatives of this facies within the
SMGMS. For comparison, dark-grey, non-calcareous shale
appears to predominate in the Green shale unit, whereas in
the lower part of the Sub-Chert beds, this facies is repre-
sented nearly exclusively by dark-brown marls and dark-
grey to black calcareous mudstones. This facies is usually
inferior in occurrence compared to the green shale facies in
the SMGMS. The former occurs in trace amounts in some
sections (e.g. at Skawinki or Siekierczyna). However, its
amount increases generally up the SMGMS. The dark shale,
mudstone and marl occur there mainly in several millime-
tres thick laminae to several centimetres thick layers. The
laminae and layers are underlain by green shale, sandstone
or siltstone and grade upward into green shale or are sharply
bound at the top by a sandstone or siltstone (Fig. 19A, C-E).
The layers underlain by green shale show usually sharp
soles. Layers, 1-3 cm thick, enclosed within green shale and
the upper parts of the thicker layers tend to be heavily bio-
turbated (see Leszczynski, 1996).

Silty to fine sandy, horizontal to small-scale cross-lami-
nated deposits occur commonly in the bottom part of the
dark mudstone or marl layers (Fig. 30). The cross-laminated
division is usually followed upwards by a millimetre-thick
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Fig. 30! Concentration of terrigenous sill in the wavy laminated
lower pari of dark-gray marl layer in the zebra-type deposits at the
transition from the SMGMS to the Sub-Chert beds at Zubracze
(section location as in Fig. 7)

Fig. 31. Distinctive parallel alignment of the elongated particles
within unbioturbated dark-gray marl. SMGMS at Komaricza (sec-
tion location as in Fig. 6)

set of parallel laminae. The overlying deposit displays a dis-
tinctive bedding-parallel alignment of elongated particles
(Fig. 31). Mottling appears in the top part of such layers.
The sequence of features resembles that characteristic of
fine-grained turbidites (Piper, 1978; Stow & Shanmugam,
1980). According to the Pickering et al. (1986) classifica-
tion scheme, the layers starting with the silty division repre-
sent facies D2.1 and D2.3. The graded mud layers represent
facies E2.1, whereas those showing subtle lamination corre-
late with facies E2.2. The centimetre-thick and the thicker
layers consist frequently of several graded/laminated se-
quences ofthe above type. The dark mudstone and shale that
grade downwards into siltstone or sandstone represent the
Tde divisions of the Bouma sequence.

Fig. 32. Chondrites targionii and '?Echinospira isp. in the top
part of brownish-black calcareous mudstone layer. SMGMS al
Znamirowice (section as in Leszczynski. 1996)

Chondrites intricatus and Planolites isp. represent the most
common burrows in this facies within the Green shale and
the SMGMS. Thalassinoides isp. occurs concentrated in the
top parts of some layers (see Leszczyriski, 1996). Less fre-
qguent are Ch. targionii, Alcyonidiopsis pharmaceus, ?Echi-
nospira isp., (Fig. 32), Helminthopsis isp. and Honnosi-
roidea caliciformis.

SANDSTONE AND SILTSTONE

Very thin and thin siltstone beds and very thin to very
thick beds of sandstone and conglomerate-sandstone cou-
plets were included to this facies. The thick sandstone beds
and the beds of the conglomerate-sandstone couplets occur
in single beds within the SMGMS and in some sections
only. The majority of beds display sharp bases and in-
distinctive tops (Figs. 19, 21). Such sandstones and silt-
stones usually grade upwards into dark-coloured calcareous
mudstone or shale. Noncalcareous dark-coloured mudstone,
green shale or light marl overlies some of the thin and very
thin sandstone and siltstone beds. The passage from sand-
stone or siltstone to green shale or light marl is rather abrupt.
The contacts are, however, blurred by intense bioturbation.
Some sandstone beds, particularly the very thin ones, are en-
tirely bioturbated. These beds also display indistinctive
bases. Like in the fine-grained deposits, Chondrites tar-
gionii and Planolites isp. are there the most common trace
fossils. Characteristically, the sandstones and siltstones un-
derlain by noncalcareous green or dark-coloured shale usu-
ally are also overlain by a noncalcareous deposit.

Poorly bioturbated, thin and very thin sandstone and
siltstone beds display features ofthe T(b)cd and Tcd divisions
of the Bouma sequence. Some siltstone and very-fine
grained sandstone beds are entirely convoluted. Such fea-
ture is displayed by highly cemented, bluish-grey and green-
ish calcareous and siliceous rocks. All these rock types rep-
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resent the Pickering ef al. (1986) facies C2.3 and D2.1. The
highly bioturbated, poorly cemented, thin and very thin beds
of muddy-sandstone, and those composed of medium to
coarse grained sand appear to be non-laminated and un-
graded or normally graded. The former represent facies
C1.2, whereas the latter appear to correspond to facies B1.2.

Thick sandstone beds display features of the Tabed divi-
sions of the Bouma sequence. A pebbly sandstone was re-
corded in the sections at Rudawka Rymanowska and Darow
only. The pebbly sandstones, occasionally fine conglomer-
ates, occur in the lower part of beds and pass upwards into a
medium- to fine-grained sandstone. The bases of the thick
sandstone beds are sharp flat or irregular and are covered by
the casts of different current marks. The sandstones display-
ing the Bouma’s Tabed sequence correspond to the Pickering
et al. (1986) facies C2.1, whereas the pebbly sandstones
starting with fine conglomerate resemble facies A2.7. The
deposits of this type, including the beds starting with con-
glomerate, are known also from the SMGMS sections of the
Skole nappe (see Rajchel, 1990).

Mud-rich sandstone beds were recorded primarily at
Darow. These are massive rocks displaying marl and shale
chips and clasts chaotically dispersed within entire beds.
According to the Pickering er al. (1986) classification
scheme these rocks represent facies C1.1.

CHAOTIC DEPOSITS

Beds of contorted and brecciated deposit, parts of the
mud-rich sandstone beds displaying brecciated texture, beds
of breccia, and massive mudstone rich in coarse sand-size
grains and small clasts were included to this facies. Beds
and lenses of breccia composed of angular fragments of
rocks similar to those beneath and above that occur within
tectonically disturbed zones are here ommited. The chaotic
deposits consist actually of balled, and brecciated package
of marl, shale and thin sandstone beds. Such deposits occur
in three beds in the middle part of the SMGMS at
Komancza. They correspond to the Pickering ef al. (1986)
facies F2.1. The brecciated deposits making up some parts
of the mud rich sandstone beds were encountered at Darow.
These deposits reveal concentrations of clasts of greenish
marl and green to dark-grey shale set in a muddy sand. They
appear to represent facies F2.2 of the Pickering et al. (1986)
classification scheme.

In many sections, dark-brown to chocolate-brown cal-
careous to non-calcareous massive mudstone, containing
significant admixture of irregularly distributed coarse-
grained material, occurs in thick beds, immediately above
the SMGMS, within the Sub-Chert beds. Its coarse fraction
consists of grains and granules of quartz, plant fragments,
calcareous bioclasts and shale chips up to 5 cm in size. Such
deposits occur in beds several centimetres to several tens of
centimetres thick. They tend to overly sandstone and pass
upwards into black shale or brownish black marl. These de-
posits correspond to the Pickering ef al. (1986) facies D1.2
or E1.1.

S. LESZCZYNSKI

COMPOSITION OF THE FINE-GRAINED
DEPOSITS

MAIN FEATURES

Hydromicas, detrital quartz and CaCOj3 represent the
chief mineralogical constituents of the examined fine-
grained deposits of the SMGMS. Smectite appears to occur
frequently in the green shale (see Guewa & Slaczka, 1972;
Gucwa, 1973; J. Koster, personal inform.), whereas in-
creased organic carbon content is characteristic of the dark
shales, mudstones and marls. Illite-smectite mixed layer
minerals were recorded to exceed (58%) illite (38 and 24%)
in two samples from the lower part of the SMGMS section
at Rudawka Rymanowska (J. Koster, personal inform.).
Kaolinite + chlorite accounts for 12% of the clay minerals in
a sample of brownish marl, whereas in sample taken from a
light-grey marl, this mineral reaches only 4%. Increased
amounts of syderite, dolomite and subordinately rodo-
chrosite are recorded besides CaCQOj3 in the hard marl when
compared to its soft variety. The carbonates, expressed as
the CaCO3, range from null to 78.5% within the fine-
grained deposits. The carbonate material consists mainly of
calcareous nannofossils and tests of planktonic foraminif-
era. Quartz in the silt fraction amounts only several percent
in the light-coloured marls, whereas it reaches up to 40% in
their dark-coloured varieties. Pyrite is the common constitu-
ent of the dark-coloured shales, marls and mudstones. The
organic carbon and carbonate content, signals of O, C and S
stable isotopes, and the amounts of foraminifera and cal-
careous nannofossils, all discussed below, were recognised
to be strongly depended on the deposit type (Fig. 33).
Hence, vertical distributions of these parameters show a dis-
tinctive, facies dependent pattern.

FORAMINIFERA AND THEIR DISTRIBUTION

Foraminifera represent the best-recognised constituent
of the SMGMS deposits. Large species of planktonic and
benthonic group (0.3-0.6 mm in cross-section) are charac-
teristic of the lower sequence part (see Blaicher, 1970).
These species appear just in the Green shale unit. Globiger-
ina corpulenta, G. eocucna, G. tripartita, G. yeguaensis,
and G. hagni are the most characteristic large planktonic
species within the SMGMS (see Blaicher, 1970; Dabagian,
1987). The full list of the planktonic species recognised in
the SMGMS deposits encompasses forty-three species (Ol-
szewska, 19G3). Among these, G. linaperta Finlay, G. am-
pliapertura, G. apertura, G. pera, G. tapuriensis and Globo-
ratalia cocoaensis are indicated as stratigraphically most
important.

An assemblage recorded in the upper part of the
SMGMS consists of rare large species known from the
lower part of the sequence, and of several new species of
small foraminifera. The latter are represented mainly by chi-
loguembelinids, globanomalinids and bolivinids (see Blai-
cher, 1970). Agglutinated species become strongly reduced
near the top of the SMGMS (see Olszewska, 1984).

Calcareous benthic foraminifera in the SMGMS are
represented mainly by the Miliolidae, Bullimnidae, Rotalii-



SUB-MENILITE GLOBIGERINA MARLS

397

s°c Number of forams Number of
%o in 100 g rock nannofossils
T T T T T 1 f T T T T T 1 I T L§ 1
2 1 0 1 -2 -3 4 0 1010 10 10° 10° 10° 0 200 400
40
om 15
16 *
17
18 50 X
Calcareous
19
» BENT#Q«IC *
Agglutinated
21
.
) ™~ . PLANKTONIC
3 g\
; : |
¥ il 4 . 3
g 91 234 Q12348 Q19000 9 20 400
5 TOC "0 Number of forams Number of
a % Yoo in 100 g rock nannofossils

Light marl passing into green shale

(Y8}

Green shale (here calcareous)

Dark mudstone and marl passing
into green shale

Fig. 33. Vertical pattern of the SMGMS typical fine-grained facies and their compositional trends. Part of the SMGMS at Znamirowice
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dae and Anomaliniidae families (Blaicher, 1970). Hundred
fifty species of the calcareous benthic foraminifera and 25
agglutinated species were recognised in the SMGMS (Ol-
szewska, 1984). Ammodiscidae and Vulvulinidae are most
abundant (Blaicher, 1970).

A detailed analysis of the foraminifera distribution in
the SMGMS indicates a high variability of their assem-
blages depending upon facies (see Szymakowska, 1962;
Leszczynski, 1996). However, this variability is yet poorly
recognised. The richest assemblages are recorded in the
light marl facies. As expected, the amount of planktonic
foraminifera increases distinctively with the CaCQO3 content
of the deposit. In beds containing more than 50% CaCQ3, as
much as about 30% of the carbonate material consists of
tests of planktonic foraminifers. In the Znamirowice section,
the amount of specimens in the fine-grained deposits was
recorded to vary from ca. 40 to nearly 750 thousands per
100 g of rock (Fig. 34; Leszczynski, 1996). The cream-yel-
low marl is there the richest in the foraminifera, whereas in
the green and dark-grey to black marl and shale, the assem-
blages are far less numerous and less differentiated. Plank-
tonic foraminifera are particularly abundant in the cream-
yellow marl. The ratio of benthonic to planktonic specimens

is highest in the dark-grey to black and the greenish, less cal-
careous deposits. The amount of benthonic foraminifera
fluctuates insignificantly as compared to that of plankton.
The calcareous specimens disappear entirely in the green
shale.

The highest correlation of the foraminifera assemblages
with the deposit type is recorded in the fine-grained facies of
the upper part of the SMGMS. In its lower part, calcareous
shale and marl layers show rare calcareous foraminifera
(Fig. 35; cf. Blaicher, 1961; Oszczypko et al., 1990). Cor-
roded tests of calcareous species are common in less cal-
careous deposits (cf. Blaicher, 1970). In some samples of
the black and cream-yellow marl, agglutinated species were
not recorded at all.

In the deposits immediately above the SMGMS, forami-
nifera are less frequent (cf. Blaicher, 1961; Olszewska,
1980; Gruzman, 1987). Tiny, frequently pyritized and cor-
roded globigerinids, chiloguembelinids and bollivinids,
0.03-0.1 mm in size, are there characteristic (Fig. 36; cf.
Blaicher, 1970; Olszewska, 1980).
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CALCAREQOUS NANNOFOSSILS AND THEIR
DISTRIBUTION

Calcareous nannofossils are the chief constituents in the
carbonate material of the fine-grained rocks examined. In
smear slides, their content varies between 0 and 34 speci-
mens per one observation field, depending upon sediment
type (Fig. 34; Leszczynski, 1996). The specimens are most
numerous (50-80% of the carbonate material) in a highly
calcareous, weakly cemented light-coloured marl, as esti-
mated in SEM. As expected, nannofossils disappear in the

noncalcareous shales. Impoverished assemblages were re-
corded in dark-grey to black marls (Fig. 37) and in slightly
calcareous green shales (cf. Krhovsky et al., 1993). Poorly
preserved, corroded and recrystallised specimens were re-
corded in less calcareous dark-coloured deposits and a hard,
light marl (Fig. 37B; see also Krhovsky et al., 1993; cf.
Leszczynski, 1996).

Several tens of species were recognised in the SMGMS
equivalent deposits (Krhovsky et al., 1993; Oszczypko,
1996). Representatives of the Prinsiaceae, Coccolithaceae,
Discoasteraceae and Zygodiscaceae families are there most
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SMGMS at Wislok Wielki. The section is located in small valley, 2 km to N of the church in Wislok Wielki. For explanation of lithofacies

symbols sec Figs. 3 & 33

profusely represented. However, the assemblages vary in
composition, both vertically and laterally (cf. Radomski,
1968; Van Couvering et al., 1981; Krhovsky et al., 1993;
Oszczypko, 1996).

Krhovsky et al. (1993) recognised five calcareous
nannofossil assemblages in the SMGMS equivalent in the
Czech Carpathians. These assemblages were interpreted to
reflect various ecological demands and different vulnerabil-
ity to dissolution. The spectrum increases with increasing
carbonate content. The assemblage containing small Noe-
laerhabdaceae was considered as characteristic for high-pro-
ductivity, normal marine settings. The other assemblage,
containing Dictyococcites bisectus, was interpreted as in-
dicative of near shore, nutrient-rich areas. Species inter-
preted as demanding a high nutrient supply and tolerant to
considerable salinity fluctuations were distinguished in the
third assemblage. The fourth assemblage includes species
such as Isthmolithus recurvus, supposed to reflect a complex
dependence on temperature, fertility, CCD, and dissolution
vulnerability. Species supposed to characterise open-sea
conditions, i.e. low nutrient content and normal salinity, rep-

Fig. 36. Light-grey marl with silt laminae in the zebra-type fa-
cies of the Sub-Chert beds, at Zubracze (section location as in Fig.
7). Black material represents pyrite. Note the frequent occurrence
of tiny foraminifera with pyrite fills
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Fig. 37.

Calcareous nannofossils in dark-coloured and hard light-coloured marl. SMGMS at Znamirowice (section location as in

Leszczynski, 1996). (A) Poorly preserved and recrystalized nannofossils in hard marl. (B) Poorly preserved nannofossils in smear slide

from dark-coloured marl

resent the fifth assemblage. Discoaster tani, D. Nodifev and
Reticulofenestra xmbilica are typical for this assemblage.

Krhovsky et al. (1993) interpreted the calcareous
nannofossil distribution as resulting primarily from different
sedimentary conditions of the nannofossil-rich and the
nannofossil-poor deposits. Diagenetic modifications were
considered as of a minor significance. Because of a marked
vertical variability in the amount and assemblage composi-
tion, nannofossils are considered to play a particularly im-
portant role in interpreting the origin of the entire SMGMS
(see below).

CARBON AND CARBONATE CONTENT

There are distinctive differences in the content of both
total organic carbon and carbonate content between the all
facies distinguished in the SMGMS and the immediately
overlying deposits (Figs. 33-35, 38). The TOC content in
cream-yellow and beige marl is usually close to null. Values
between 0.1 and 0.5% are characteristic of green shale and
yellowish-green and grey marl. In the dark shale, mudstone
and marl, TOC ranges 0.5-3.5%. Slightly elevated TOC
contents are recorded in the layers ofthe light-coloured marl
adjacent to the dark-grey to black marls and shales (Fig. 33,
cf. Leszczynski, 1996). The frequent occurrence of burrows
filled with dark-coloured material suggests that the TOC en-
richment may result from bioturbation. Lowered TOC con-
tents are characteristically recorded in the dark mudstones,
shales and marls of the Sub-Chert beds at Zubracze.

The carbonates, expressed as the CaCO03, attain their
highest concentrations, ranging 50-80%, in a hard concre-
tionary cream yellow and beige marl. Concentrations 40-
50% are recorded in cream-yellow and beige soft marl. In
the dark-grey to black shale and marl, carbonates amount up
to 44.0%. The values obtained by wet titration of samples
from Znamirowice are distinctively higher than those de-
rived from the Coulomat data and from the data reported by

Gucwa & Slaczka (1972), and Gucwa (1973; cf. Gucwa &
Pelczar, 1992). X-ray diffraction analysis, besides the wet
titration, has shown that calcite is the predominating car-
bonate phase in the calcareous shales and the soft light-col-
oured marl of the SMGMS. Siderite and ferroan dolomite
equal or slightly surpass calcite in the hard, concretionary
marl (Fig. 39). Rhodochrosite occurs also there in slightly
increased amounts, particularly in the hard marl. Irrespec-
tive of the mineralogical composition of the carbonates,
their concentration shows significant vertical variability re-
flected in the lithological changes (Figs. 33-35, 40, 41).

Sub-Chert Beds Sub-Menilite Globigerina Marl

® @ Kroscienko-Granica ¢ O 0 Kroscienko-Granica
O Znamirowice 8> Wislok Wielki

Fig. 38. 'I'0OC vs. carbonate content in the SMGMS and the
immediately overlying deposits
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Examples of X-ray diffractograms of hard marl. (A) Marl dominated by calcite, siderite, quartz and ferroan dolomite. SMGMS

at Korzenna (section as in Fig. 22B). (B) Marl dominated by ferroan dolomite, calcite and quartz, SMGMS at Rudawka Rymanowska

(section as in Fig. 14)

TYPE OF ORGANIC MATTER

The results of Rock-Eval pyrolysis (Tab. 6), when plot-
ted in a diagram of HI (hydrogen index, i.e. milligrams of
hydrocarbons evolved during kerogen breakdown, divided
by wt % TOC content, x 100) versus maxT (temperature of
maximum hydrocarbon evolution from kerogen, °C), indi-
cate that the organic matter is dominated by a hydrogen-
poor Type 11l component (Fig. 42). However, a low TOC
content in many samples (below 0.5%; Fig. 42C) precludes
any reliable recognition of their kerogen type (see Lallier-
Vergés et al., 1993). Type II kerogen, determined at bulk
sediment, as it was in this study, is strongly undervalued
(Stein, 1991). The dominance of the Type II kerogen was
recorded only in samples from the higher part of the Sub-
Chert beds.

The temperatures of maximum hydrocarbon evolution
from the kerogen (Tmax) indicate that immature to highly
mature organic carbon occurs in the examined samples (Fig.
42A). The immature, less thermally degraded organic matter
is contained mainly in the samples from the Skole nappe.
The highly thermally degraded organic matter occurs exclu-
sively in the samples from the Sub-Chert beds at Zubracze.

The Type III kerogen consists mainly of polycyclic aro-
matic hydrocarbons and oxygenated functional groups.
Such constituents are particularly characteristic of continen-
tal plants (see Tyson, 1995). Thus, the domination of the

Type III kerogen in the analysed samples, particularly
where the TOC content is >0.5%, indicates that their organic
matter is basically of a terrestrial origin. The Type II kero-
gen, characteristic of marine organic matter (see Tissot &
Welte, 1984) appears to be scarce in the SMGMS deposits.
However, Gucwa & Wieser (1980) recorded significant in-
fluences of marine organic matter on the trace elements
composition of these deposits.

MAJOR ELEMENTS AND THEIR
CONCENTRATIONS

Si02, CaO and Al203 concentrations display high val-
ues irrespective of the deposit type (cf. Gucwa & Pelczar,
1992). Their proportion, however, distinguishes marls from
shales and mudstones. Moreover, CaO shows a significantly
higher variability than do SiO2 and Al2O03 (cf. Guewa &
Pelczar, 1992). The SiO2 content does not fall below 20%,
Al203 content ranges 3-25%, whereas the CaO concentra-
tion varies between 0 and 34% (Tab. 7; cf. Gucwa & Pel-
czar, 1992).

.Fe203, K20 and MgO concentrations range usually
from 1 to 5%. The Fe203 concentration amounts sometimes
about 10%. Among the examined samples, the Fe203 con-
centrations in red and pinkish red deposits are higher than
those in the adjacent green, light-green and light-grey ones.
However, it is worth to note that the Fe203 concentrations in
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(see Miller, 1992; Oberhénsli, 1996). The values of
both isotope indices show a generally ca 2 to 5%
negative shift relative to those reported by
Krhovsky ef al. (1993) from the SMGMS and the
lower part of the Sub-Chert beds equivalent depos-
its in the Czech Carpathians.

In the here examined samples, the §'%0 and
8t3c signals are generally lowest in the cream-yel-
low and beige marls, intermediate in the green
shales and grey to yellowish green marls, and high-
est in the dark-coloured mudstones, shales and
marls (Fig. 43). Such a tendency is E)artlcularly
well marked in the 8'*C values. The §'%0 signals
in the dark-coloured deposits are similar or lower
as compared to those in the green ones. This is best
expressed in the Znamirowice section (see
Leszczynski, 1996). There are no marked differ-
ences in the range of both isotope indices between
the lowest and the uFPermost part of the section.

The 5'%0 and §'*C values show some correla-
tion with each other, and with the CaCO3 and TOC
contents (Tab. 8; Figs. 33, 40, 41). The correlation
is, however, different in particular sections. Most
variable is the correlation between the isotope sig-
nals themselves. It is significant only in the Kros-
cienko-Granica and Zubracze sections. In the Zna-
mirowice section, only the light-coloured marl and
green shale show a dlstmct positive correlation be-
tween 8'%0 and §'°C (correlation coefficient, r=
0.765; cf. Leszczynski, 1996). There 1s no signifi-
cant correlat1on between the 5'%0 and CaCOj3 and
TOC contents, except for the Sub- Chert beds sec-
tion at Zubracze. On the contrary, the 8'1°C values
show a quite good inverse correlation with the
CaCO3 content, and are positively correlated with
the TOC contents. The increased carbonate content

0 . 2 64 20-2-4
TOC 5"*0
% %o

Fig. 41.

content explained in text

the green shale at Siekierczyna are higher than those in the
red and pinkish-red marl at Leluchéw. The TiO2 concentra-
tions range usually 0.2-0.5%, whereas the MnO content
does not exceed 0-0.2% (Gucwa & Pelczar, 1992). A higher
amount of the latter compound, ranging 0.2—1.0%, appears
to occur in the red and pink marl (Tab. 7).

ISOTOPES

The 8'%0 and 6”C and 8°*S values in the exammed
material range as follows (Fig. 43): -5. 62 +5.2 for & O
-6. 50 +3.2 for 6 3, -7.60 — +7.0 for 8°*S. The ranges of
the §'%0 and 8'C signals are very wide and are generally

TOC and carbonate contents and signals of C and O stable isotopes
in the lower part of the Sub-Chert beds at Zubracze (cf. Fig. 7C). Carbonate

correlates well with the negative shifts of the 8P
values.

A strong positive correlation between 5%
and 8'°C in the SMGMS- -equivalent section was
recorded by Krhovsky ef al. (1993). The isotopic
pattern recognised in that section was mentioned as
possibly reflecting environmental signal. How-
ever, they emphasized an antithetic tendency of
this pattern with respect to the global trend, as a
factor com 1pl1catmg the interpretation.

The 80 and §'3C data recorded in this study appar-
ently reflect mainly the isotopic signal of the carbonate fine-
fraction, mostly of calcareous nannofossils which dominate
the calcareous material. Moreover, calcareous foraminifera,
mainly planktonic, and carbonate cement may have influ-
enced the bulk rock signals. The foramintferal signal has
probably not significantly altered that inherent to calcareous
nannofossils (?£1%e). Much more important are the influ-
ences of cement Early d1agenetlc cement is known to shift
the bulk rock 5'%0 and 8'*C signals towards lighter values.
In contrast, late cements, e.g. those formed after methano-
genesis can make the Sl C of the bulk rock significantly
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Table 6
Rock-Eval pyrolysis results
L.p. Section, unit, Pyrolysis parameters
sample number and TOC Tmax
rock type wt % °c S1 S2 S3 Pl HI Ol
Bobrka, Sub-Chert Beds
1. B61: brown marl 1.53 422 0.13 4.32 0.88 0.03 282 57
2. Bé4: brown marl 5.49 420 0.58 20.29 1.27 0.03 369 23
Bobrka, SMGM
3. Bo10: black shale 1.59 435 0.06 1.19 1.93 0.05 74 121
Daréw, Sub-Chert Beds
4. Da13: dark-brown marl 1.58 427 0.16 4.36 0.57 0.04 275 36
5. Da12: dark-brown marl 4.30 427 0.27 11.07 0.89 0.02 257 20
6. Da1l1: brown marl 0.82 427 0.04 1.41 0.44 0.03 171 53
Daréw, Hieroglyph. Beds
7. Da8: dark-green shale 0.58 427 0.04 0.38 0.60 0.10 65 103
8. Dar7: black shale 415 425 0.09 3.59 1.52 0.02 86 36
Kroscienko-Granice,
Sub-Chert Beds
9. Kr39: brown mudstone 2.19 434 0.02 2.23 2.29 0.01 101 104
Kroscienko-Granice,
SMGM
10. Kr27: brown mudstone 1.82 425 0.05 2.1 2.21 0.02 115 121
11. Kr26: dark-brown mdst. 3.23 427 0.04 4.47 1.79 0.01 138 55
12. Kr23: dark-grey mdst. 2.99 431 0.03 3.37 212 0.01 112 70
Kroscienko-Granice,
Bartkdéwka Sdst. Member
13. Kr10: dark-green shale 0.75 431 0.02 0.44 0.64 0.04 58 85
14. Kr5: green shale 0.37 419 0.00 0.18 0.66 0.00 48 178
15. Kr4: dark-grey shale 1.69 435 0.02 1.43 1.40 0.01 84 82
Obarzym,
Sub-Chert Beds
16. Ob2: dark-grey shale 1.40 426 0.03 1.30 1.75 0.02 92 125
Obarzym, SMGM
17. Ob4: green.-yellow marl 0.76 419 0.04 0.74 1.24 0.05 97 163
18. Ob6: dark-brown shale 240 425 0.08 2.25 2.39 0.03 93 99
Znamirowice,
Sub-Chert Beds
19. Zn1: beige marl 1.29 435 0.05 1.52 1.75 0.03 117 135
Znamirowice, SMGM
20. Zn4: dark-grey shale 2.45 435 0.04 1.89 1.91 0.02 77 77
21. Zn16: black marl 2.80 434 0.04 2.16 2.01 0.02 77 71
22. Zn20: black marl 3N 433 0.07 3.27 2.08 0.02 105 66
23. Zn23: black marl 2.50 434 0.05 2.48 1.94 0.02 99 77
24. Zn25: black marl 3.12 436 0.07 3.01 2.10 0.02 96 67
25. Zn27: dark-grey marl 2.01 434 0.05 1.80 1.62 0.03 89 80
26. Zn29: green shale 0.25 436 0.00 0.10 0.46 0.00 40 184
27. Zn30: black shale 219 436 0.05 1.72 1.98 0.03 78 90
Zubracze,
Sub-Chert Beds
28. Zu2: dark-grey shale 0.54 456 0.05 0.45 0.28 0.10 83 51
29. Zu3: light-grey shale 0.44 457 0.06 0.38 0.16 0.14 86 36
30. Zu5: light-grey shale 0.30 457 0.02 0.19 0.24 0.10 63 80
31. Zu6: dark-grey shale 0.65 455 0.09 0.47 0.56 0.16 72 86
32. Zu8: dark-grey shale 0.59 454 0.06 0.41 0.26 0.13 69 44
33. Zu9: light-grey shale 0.25 468 0.02 0.14 0.25 0.12 56 100
34, Zu10: grey shale 0.29 452 0.04 0.25 0.28 0.14 86 96
35. Zu11: dark-grey shale 0.24 ? 0.04 0.18 0.15 0.18 75 62
36. Zu13: dark-grey shale 0.69 456 0.11 0.43 0.15 0.20 62 21
37. Zu14: dark-grey shale 0.53 454 0.09 0.25 0.12 0.26 47 22
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Fig. 42. Type of kerogen determined by Rock-Eval pyrolysis in the fine-grained rocks of the SMGMS and the immediately underlying
and overlying deposils. (A) Type of kerogen indicated by the relation between hydrogen index (HI) and the temperature of maximum
hydrocarbon evolution (Tmax). (B) Type of kerogen indicated by the relation between hydrogen index (HI) and oxygen index (OI). (C)
Type of kerogen indicated by the relation between total organic carbon content (TOC, in %) and the amount of hydrocarbons evolved from
the thermal alteration of the kerogen (S; in milligrams, normalized to sample weight)

heavier (see Arthur ef al., 1989; Tucker & Wright, 1990).
The wide range of the 5'80 and 8'°C signals recorded
in the examined sections and the stable composition of the
primary carbonate material both suggest a substantial modi-
fication of the isotopic record by diagenesis (cf. Leszczyn-
ski, 1996). This is indicated primarily by the shift of the iso-
tope signals toward lighter values, relative to those recorded
globally for the late Priabonian by the foraminifera. Two
different diagenesis types have presumably modelled the
signals. Early diagenesis related to shallow-burial organic
matter decay, besides synsedimentary environmental condi-
tions, appears to have been responsible for the strongly
negative 8'3C values characteristic of the light marl. Such

values may result from an increased proportion of CaCO3
formed by CO3 released due to the degradation of organic
matter in oxic and sulphate-reducing conditions (see Irwin
et al., 1977; Berner, 1981; Broecker & Peng, 1982; May-
nard, 1982; Shackleton er al., 1983; Tucker & Wright,
1990).

The §'3C values in the TOC-enriched dark-coloured de-
posits, being significantly heavier than in adjacent beds,
while their 8'30 are similar to those in the light-coloured
marls (Figs. 33), suggest modelling by carbonates formed
after methane fermentation in the sediment. Methane is
formed from the organic matter that escapes earlier oxic
degradation. CO2 displaying heavy 8'c and, consequently,



406

S. LESZCZYNSKI

Table 7
Concentration of 10 major-element oxides in marl and shale of different colour
Section,
sample number Si02 AiO3 Fe;03 MNO MgO CaO Na,0O KO TiO2  P20s LOI Total
and rock type % % % % % Y % % % % % %

Leluchow
Lu7: light-green marl 38.72 1312 414 022 1.70 19.43 0.50 2.65 0.58 0.09 19.76 100.9
Lu11: light-grey marl 3596 1323 429 0.29 1.74 2044 043 3.03 0.52 0.10 20.58 100.6
Lu12: red marl 39.78 1151 498 0.30 1.78 18.79 0.61 2.52 0.51 0.12 18.91 99.8
Lu13: pinkish-red marl 3664 1158 471 022 1.70 21.72 0.58 2.56 0.48 0.11 20.54 100.9
Lu14: red marl 2292 742 434 0.39 1.28 3361 0.30 1.66 0.30 0.08 28.63 100.9
Siekierczyna
Si13: green shale 57.03 1827 5.08 0.06 1.92 231 043 3.73 0.81 0.09 9.59 99.3
Si14: pinkish-red marl 3798 13.06 9.87 046 1.41 14.73 0.28 2.51 0.55 0.08 18.72 99.6
Si16: green shale 5646 19.24 541 0.05 2.09 1.37 0.46 3.78 0.84 0.09 9.47 99.3
Si18: pinkish-red marl 3327 11.00 10.56 0.94 1.25 18.92 0.26 2.25 0.47 0.09 21.28 100.3
Si22: light-green shale 52.99 1435 413 0.08 1.60 9.22 0.36 2.96 0.66 0.09 13.38 99.8

adequate carbonates are the result of such a process (see e.g.
Tucker & Wright, 1990). Hence, this process affected Prr-
marily the significantly TOC-enriched deposits. The &
signals in some light marls suggest that such carbonates oc-
cur not only in the deposrts which presently contain more
TOC. The enrichment in '°C is particularly characteristic
for the carbonates of the Menilite beds (see Koltun, 1992).
However, this is not the case ofthe Zubracze section.

The dependence of the §'80 and 8'3C signal modifica-
tions on the primary CaCO3 and organic matter concentra-
tion in the sediment suggests that the least distorted signals
come from green shales. In contrast, most complexely modi-
ﬁed are the 8'°C signals in the dark-coloured rocks. The
5'80 values in this rocks as well as the signals of both indi-
ces in the light-coloured marls appear to differ from the
original ones only by their negative amplification. (cf.
Leszczynskr 1996).

The &S values in the examined upper part of the
SMGMS at Znamirowice are relatively high. Distinctively
lighter signals come from the TOC-enriched beds as com-
pared with those from the surrounding green shales (Fig.
34). In general, the signals are, however, not very precise

because of a relatively low sulphur content in these rocks
(0-0.24 wt %; see Gucwa & Slaczka, 1972). Paleontological
data point to sedimentation of these deposits on an well-
oxygenated sea floor. Thus, the sulphate reducing condi-
tions (sulphidic acc. Bemer, 1981) could have developed
there only well below the sediment/water interface. More-
over, the sulphates enclosed in pore waters may chiefly have
been used for the sulphide formation. Still, the sulphidic
conditions developed earlier in the deposits richer in organic
matter. Such process of the sulphide formation is also sug-
gested by the llghter %S in the dark-coloured beds. A bac-
terially preferred 23 was used in a higher proportion in the
production of sulphides contained in the dark-coloured
beds.

In contrast, the sulphides in the light-coloured beds
could have been formed after a deeper burial of these depos-
its. H2S produced in sifi and/or supplied from other beds
was there used. The sulphides generated from the indige-
nous H2S should display slightly lighter 5% signals, more
close to those of the sulphates contained in the bottom
water, than the other ones (see Maynard, 1980).

Table 8
Correlation of §'30 and 8'*C signals and CaCOj3, and TOC contents in the SMGMS sections.
Section stratigraphy explained in the text
Correlated Correlation coefficients in particular sections )
parameters Kroscienko-Granica Wistok Wielki Znamirowice Zubracze
3"cr8™o 0.634 -0.125 0.231 0.644
8'"®0/Caco; -0.285 -0.114 -0.147 -0.670
813C/CaC03 -0.371 -0.776 -0.506 -0.637
§"®o/Toc 0.272 -0.257 -0.361 0.311
8"*citoc 0.449 0.639 0.589 0.040
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Fig. 43. Stable isotope signals of carbonates contained in cream-yellow and beige marl (A), yellowish-green marl and green shale (B),
and dark-grey to black mudstone and marl (C) of the SMGMS and the lower part of the Sub-Chert beds. Extreme signals, 8'80= \ ,3
(sample Zul0 from Sub-Chert Beds, Zubracze section), §'%0 =-5.62 (sample Kr 29 from SMGMS at Kroscienko-Granica), and 83
=-0.5 (sample WW 1, lower part of SMGMS at Wislok Wielki) not included (see Figs. 34, 38, 39 for sample location)

DEPOSITIONAL PROCESSES

The earlier discussed textures and sedimentary struc-
tures of the fine-grained deposits dominating in the SMGMS
indicate sedimentation mainly particle-by-particle from the
water column with some influences of a lateral transport
along the sea floor. The cream-yellow and beige, non-lami-
nated marl, most characteristic for the SMGMS, as well as
the red marl in which clay-sized terrigenous particles domi-
nate, represent muddy pelagic ooze (arl; see Pickering et al.,
1986, facies G1.2). Similarly, the mottled, non-graded
clayey green shales appear to represent the pelagic deposits
(facies E1.2 of Pickering ef al., 1986). The grey, yellowish-
green, greenish-grey, and beige-grey nonlaminated marls, as
well as the cream-yellow marl distinctively enriched in ter-

rigenous silty material and the muddy, non-graded shales,
appear to represent mainly hemipelagites, i.e. deposits accu-
mulated slowly by vertical settling, with substantial contri-
bution from the land runoff (facies G2 of Pickering er al.,
1986). Also the dark-coloured laminae showing indistinc-
tive bounding surfaces, that occur surrounded by green
shale, represent hemipelagic deposit. This is supported by
the domination of the type IIl kerogen in these laminae.
Hence, the zebra-type deposits may be considered as of a
mixed, pelagic and hemipelagic origin.

The marl and shale layers showing subtle silt streaks
and mottles were deposited particle-by-particle with occa-
sional lateral transport by bottom currents. These deposits
may represent muddy contourites (facies E1.3 of Pickering
et al., 1986).
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The several millimetres to a few centimetres thick silty
and fine sandy laminae within green shale or light marl may
have originated from traction currents (contour currents)
and from low-concentration turbidity currents (facies D1.3
of Pickering et al., 1986).

The shales, mudstones and marls, which occur in layers
showing sharp lower boundaries and normal grading, were
deposited from turbidity currents (facies E1.1 and E2.1 of
Pickering et al., 1986). This concerns mainly the dark-col-
oured and greenish-grey variety of these deposits. The
foraminifera assemblages contained in the middle or upper
part of such beds suggest that they were redeposited from an
outer shelf or upper slope. The medium-thick and thick beds
of dark-coloured marl, lacking lamination in their lower
part, such as those in the Sub-Chert beds of the Grybow unit,
could have resulted either from high-concentration turbidity
currents or from ponding of thick dilute turbidity currents
(cf. Slaczka, 1990).

The hard marl layers represent a diagenetically modi-
fied deposit (concretionary beds). This is indicated by the
high proportion of siderite and ferroan dolomite in their car-
bonate material. They represent diagenetically changed
muddy ooze (facies G3 of Pickering et al., 1986). The beds
and lenses of the limonite impregnated deposit belong also
to this facies. Their origin is, however, more complex. The
impregnation by iron hydroxides appears to have resulted
from the subaerial weathering of iron sulphides and siderite
contained in the original rock. The bedding parallel layers of
the impregnate may have been formed along zones of inten-
sified water circulation.

The sandstone-mudstone and siltstone-mudstone cou-
plets, as well as the lithologic sets consisting of conglomer-
ate—sandstone—siltstone—mudstone or sandstone—siltstone—
mudstone, sharply bounded beds of muddy sandstone and
the graded and the ungraded sandstone beds, all are chiefly
turbidites. Low-concentration turbidites (facies C2.3, D2 of
Pickering et al., 1986) dominate in the SMGMS over other
turbiditic facies. The conglomerate—sandstone—mudstone
sets as well as the thick sandstone—mudstone couplets were
deposited from high- to low-concentration turbidity cur-
rents. The mottled sandstones appear to have been deposited
from turbidity currents as well. The sharp bounded sand-
stone beds were probably laid down from turbidity currents
which deposited their finer-grained load further in the basin.
This concerns primarily the non-laminated, nongraded to
normally graded beds. The laminated variety of such beds
and the several millimetres to several centimetres thick
sharply bounded layers of coarse grained sandstone may be
of a similar origin. However, the latter may also represent a
lag deposit resulting from winnowing by strong bottom cur-
rents (cf. Mutti & Ricci Lucchi, 1975). The thick muddy
sandstone beds were deposited from high-concentration tur-
bidity currents or from debris flows (facies Cl.1 of Picker-
ing et al., 1986). The single beds of contorted and balled
strata resemble those generally interpreted as formed by
sliding and slumping.

The Green shale unit, underlying the SMGMS, appears
to be composed mainly of hemipelagites. Various turbidites,
including thick muddy beds, as well as fluidized flow, de-
bris flow, and slump deposits occur besides hemipelagites

S. LESZCZYNSKI

and pelagites, and chemogenic deposits in the Sub-Chert
beds. The mass-gravity deposits prevail in some parts of this
unit.

SEDIMENTARY ENVIRONMENT

Structural reconstructions indicate that at the Eocene—
Oligocene transition the Outer Carpathians formed a com-
plex remnant basin (see Einsele, 1992; Figs. 44, 45). This
basin consisted of several subbasins separated by subaqu-
eous to subaerial elevations (ridges; see Ksigzkiewicz, 1956,
1960, 1962). The separation of this basin from the main part
of the Tethyan Ocean by emerged and elevated fold-thrust
areas suggests that it was a sort of an adjacent sea (sensu
Einsele, 1992).

According to Olszewska (1984), the foraminifera as-
semblages of the SMGMS point to sedimentation outside
the shelf in the upper bathyal zone. A similar interpretation
was suggested earlier by Ksigzkiewicz (1975). In his opin-
ion, the absence of Trochamminoides precludes sedimenta-
tion of the SMGMS deposits at greater depths. Ksigzkiewicz
(1975) interpreted the Hieroglyphic beds underlying the
SMGMS as deposited in the upper mesobathyal zone. Tro-
chamminoides, however, was recorded by Olszewska
(1984) in the lower part of the SMGMS. Moreover, other
taxa characteristic of the lower and mesobathyal depths
(600-2000 m) she recorded there as well.

The bathymetric interpretations by Ksigzkiewicz (1975)
and Olszewska (1984) suggest sedimentation of the
SMGMS and the underlying and overlying deposits well
above the calcite compensation depth suggested for the Eo-
cene oceans (see Melguen, 1978). Such interpretation, how-
ever, appears controversial for the present author. The non-
calcareous background deposits underlying the SMGMS in
the Silesian nappe, with their essentially deep-water aggluti-
nated foraminifera assemblage (Geroch ef al., 1967; Blai-
cher, 1967), suggest sedimentation well below the CCD (cf.
Winkler, 1984). At the same time, sedimentation above
CCD is indicated by the stratigraphically equivalent, pre-
dominantly calcareous background deposits in the Sub-Sile-
sian nappe and the Fore-Magura thrust folds. Consequently,
a significant CCD drop may have occurred with the onset of
the SMGMS sedimentation (cf. Olszewska, 1984). This co-
incides with the globally recorded drastic CCD drop. Thus,
this coincidence does not appear accidental. Moreover, the
lateral variability of the SMGMS pattern appears to result in
part from the CCD fluctuation relative to the bathymetry of
the flysch basins.

The laterally variable distribution of the fine-grained
calcareous deposits together with the significant thickness
variations of the SMGMS appear to have resulted from
markedly contrasted bathymetry of particular basins relative
to CCD. Furthermore, the upward growing thickness of the
marl beds at the cost of that of the green shale interbeds, to-
gether with a change in the benthic foraminitera assemblage
(see Olszewska, 1984), appear to reflect a progressive,
though fluctuating CCD drop. According to Krhovsky ez al.
(1993), sedimentation at depths close to CCD is evidenced
by the abundant occurrence of Isthmolithus recurvus. Thus,
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Fig. 44. Paleogeography of the Mediterranean Tethys during the Paleogene (modified from Dercourt ef al., 1985 and Ricou et al., 1986)

such sedimentation is recorded in the SMGMS at Znami-
rowice and in the lower part of this sequence at Krosno (Van
Couvering ef al., 1981). Consequently, the sections at Ska-
winki, Smierdziaczka (see Radomski, 1968), and Leluchow
(see Oszczypko, 1996) appear to be deposited at slightly
shallower depths. The sedimentation at relatively shallow
depths of the Leluchéw section and of the sections in the
SMGU and the Sub-Silesian nappe, is also indicated also by
the extensive occurrence of calcareous fine-grained deposits
in the sequence underlying the SMGMS. In contrast, the
deepest sites in the basins are represented by sections lack-
ing the SMGMS equivalent calcareous background depos-
1ts.

The dominance and abundant occurrence of Isthmoli-
thus recurvus together with Coccolithus pelagicus and dif-
ferent reticulofenestrids, as well as the occurrence of Chias-
molithus oamaruensis and subordinate amounts of discoas-
terids and Sphenolithus pseudoradians in the SMGMS,
point to sedimentation in a temperate cool sea (Van Couver-
ing et al., 1981; Aubry, 1992). Similar conditions are indi-
cated by the foraminifera assemblages (Olszewska, 1983).
However, the vertical variability of the calcareous nanno-

fossils recognised in the SMGMS equivalent in the Czech
Carpathians (Krhovsky et al., 1993), suggest fluctuation of
salinity, evaporation and fertility in the flysch basins.

The high proportion of terrigenous silt in the fine-
grained deposits and the frequent occurrence of turbidites
composed chiefly of terrigenous material point to a signifi-
cant influence of lands on the sedimentation of the SMGMS.
Moreover, the TOC-enriched dark shales, mudstones and
marls dominated by the type III kerogen, and usually dis-
playing features indicative of mass resedimentation, suggest
an intense influx of organic matter from lands. The lateral
variability in the proportion and character of terrigenous de-
posits suggests that the land impact varied laterally. Its scale
was controlled by basin morphology (cf. Koszarski &
Zytko, 1959) and the distance from the main pathways of
the terrigenous material supply. The land impact decreased
generally with the growing distance from tectonically active
basin margins. The intense supply of terrigenous material
precluded the sedimentation of the SMGMS-characteristic
marls in some areas (Figs. 2, 46B). The distribution of
coarse-grained deposits and their features, except for those
of the Skole nappe, point to island chains (cordilleras) that
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Fig. 45. Paleogeography of the Alpine—Hellenic segment of the northern part of Tethys during the Eocene—Oligocene transition (from

Dercourt et al., 1985 and Ricou et al., 1986 slightly changed)

surrounded the flysch basins, as the chief source of their ter-
rigenous material. The Skole basin was fed predominantly
from the Noth European Platform (Ksiazkiewicz, 1962;
Kotlarczyk & Lesniak, 1990; Rajchel, 1990). The northerly
supply for all basins appears to have been strongest at the
Eocene—Oligocene transition.

The very low TOC content in the background deposits
of the SMGMS, together with their pervasive bioturbation,
indicate rather a well-oxygenated basin bottom. Vigorous
deep-water circulation is suggested by the traces of lamina-
tion recorded in the light marl. However, the calcareous
nannofossil assemblages contained in the SMGMS equiva-
lent deposits indicate temporal fluctuation of both parame-
ters (Krhovsky et al., 1993). The predominantly red marls at
Leluchéw suggest the strongest oxic conditions in the area
of their sedimentation. Such a red colour results typically
from a hematite pigment. The last is formed in oxic condi-
tions, in sediments enriched in Fe and deprived of a ‘labile’
organic matter. Hence, low organic matter supply to the ba-
sin floor, their good aeration and increased supply of iron
may be inferred from the occurrence of the red marls. In
contrast, the mainly greenish-grey and beige-grey back-
ground deposits of the SMGMS, as recorded in the Siary
unit of the Magura nappe, in the Ropa window and the
Dukla nappe, seem to result from an increased amount of

terrigenous material and high level of organic matter. The
aeration of the sea bottom deteriorated rapidly at the end of
the SMGMS sedimentation. The overlying Sub-Chert beds
appear to have been deposited on a highly dysoxic to anoxic
bottom.

SEDIMENTATION TIME SPAN
AND SEDIMENTATION RATE

In the light of the available biostratigraphic control
(Blaicher, 1967, 1970; Radomski, 1968; Olszewska, 1985;
Olszewska, Smagowicz, 1977; van Couvering et al., 1981;
Oszczypko, 1996), the SMGMS represents an unit isochro-
nous on a scale of a single foraminifera or nannoplankton
zone (ca. 1 my). A time span 0.6 to 2 my, is indicated, de-
pending upon the dating method and the time scale used
(Tab. 3). The thickness differences between particular sec-
tions suggest heterochroneity of the SMGMS boundaries.
The heterochroneity appears to be bound particularly to the
lower boundary. The differences in thickness of the com-
plete SMGMS, including its primary absence in some areas,
suggest variation of the time span inherent in the unit from 0
to exceeding twice its average value.

The average time span of the SMGMS is here estimated



SUB-MENILITE GLOBIGERINA MARLS 411

from the biostratigraphic data and from the average cumula-
tive thickness of its background deposits (cf. Leszczynski,
1996). The mass gravity deposits are neglected, as their
deposition was instantaneous. However, thick mass flow
beds may have eroded the background deposits and there-
fore reduced the time contained in the sequence. In fact,
such beds occur rarely in the SMGMS, so that their influ-
ence on the average thickness of the background deposits
appears, therefore, to be insignificant.

The present cumulative thickness (Tp) of the back-
ground deposits of the SMGMS, estimated from the exam-
ined sections, is ca. 7 m. Assuming a rather exaggerated 0.7
(i.e. 70%) original mean porosity (n1) and only a 0.05 (i.e.
5%) present mean porosity (np), the original thickness (To)
of the deposits was

To=(1-np/l-n)Tp=(1-0.05/1-0.7)7=22.17m

Considering the shortest time span (ca. 0.6 my), as indi-
cated by the Olszewska’s (1985) data related to the time
scale by Berggren et al. (1995), the average sedimentation
rate of the SMGMS fine-grained deposits equals ca. 37 mm
ky'l. Such sedimentation rate is, however, markedly lower
than the minimum (50 mm ky'[) indicated for hemipelagic
deposits (see Stow ef al., 1996). Thus, either the average
time span inherent in the SMGMS is much shorter or its
sedimentation rate was much lower. The latter appears little
probable in the light of the present knowledge of deep-sea
environments. Actually, a time span of about 0.4 my ap-
pears to be reasonable for the average SMGMS. A similar
interpretation was proposed earlier for the SMGMS equiva-
lent in the Czech Carpathians (Krhovsky et al., 1993) and
for the SMGMS itself at Znamirowice (Leszczynski, 1996).
The SMGMS sections displaying the highest cumulative
thickness of the background deposits may embrace a
slightly longer time span than the average sections.

The disappearance of the green shales towards the top
of the SMGMS, their occurrence in thin and very thin layers
as well as the extremely low TOC contents in the light marl,
all suggest different sedimentation rate of these background
deposits. The slight tendency of cumulative thickness in-
crease of the SMGMS background deposits with the de-
crease of the amount of the non-calcareous green shale (Fig.
18A) suggest that the marl may have been deposited at a
higher rate than the shale. One cannot exclude that there was
some correlation between the CaCO3 content in the sedi-
ment and its sedimentation rate.

ORIGIN OF SEQUENCE PATTERNS

The above portrayed features and the origin of the
SMGMS suggest a complex nature of the sequence pattern.
The alternation of light marl and green shale, similarly to the
limestone-marl alternations, may result from variation in
carbonate production, terrigenous dilution, and carbonate
dissolution, (see Einsele & Ricken, 1991). Moreover, di-
agenesis may enhance the original contrasts in the propor-
tions of the carbonate and siliciclastic sediment compo-
nents. The interbeds of siltstone, sandstone and the dark-col-

oured shale, mudstone and marl that occur in normally
graded layers reflect an intermittent mass resedimentation.
The interbeds of indistinctly bound dark-coloured fine-
grained deposits may have been produced by a fluctuating
intensity of organic matter supply or by fluctuations in re-
dox conditions of the bottom waters.

The markedly higher content of calcareous nannofossils
and planktonic foraminifera, and the only slightly increased
contents of the benthic forams in the light marl suggest that
variations in carbonate production and/or its dissolution
may be chiefly responsible for the light marl—green shale al-
ternation. The slightly lower amounts of agglutinated fora-
minifera in the less calcareous, light-coloured, fine-grained
deposits may result from their sedimentation under a
slightly increased supply of terrigenous material or sedi-
mentation during periods of decreased nutrient inflow to the
sea bottom. The associated occurrence of turbidites and
dark-coloured hemipelagites with the green shale facies
points to variable rates of terrigenous dilution. At the same
time, the decreasing upward thickness of the noncalcareous
deposits, together with their negligible TOC contents indi-
cate sedimentation of the light marl at a significantly higher
rate than that of the green shale.

The markedly more negative §'%0 and 8'C signals of
the light marl as compared to those of the green shale sug-
gest an influence of carbonate dissolution and diagenetic
overprinting on the marl-shale rhythms in the SMGMS. The
dissolution atfected chiefly the calcareous nannofossils and
planktonic foraminifera in the originally less calcareous de-
posit that was enriched in labile organic matter (see Roth, P.
1981; Roth & Krumbach, 1986; Thierstein & Roth, 1991).
This seems also to be the cause for a significantly better
preservation of the calcareous nannofossils in the red marls
of the SMGMS at Leluchdw (see Oszczypko, 1996) as com-
pared to that recorded in the cream-yellow and greenish
marls in other SMGMS sections. The dissolved carbonate
was subsequently precipitated in a more carbonate rich de-
posit. Hence, the dissolution enhanced the original li-
thologic contrast in the carbonate content of these deposits.
However, it cannot be excluded that the original pattern of
the carbon and oxygen isotope signals in the SMGMS was
similar to that recorded today, though it must have been
much less contrasted.

The domination of the type III kerogen in the examined
samples suggests the prevalence of terrestrial organic matter
in the dark-coloured shales, and additionally evidences their
hemipelagic origin. The increased organic matter content
lowered the redox level in such deposits and could also have
deteriorated oxygenation close to the basin bottom. More
apparent indicators of anoxic conditions above the sea bot-
tom during SMGMS sedimentation are, however, lacking.

Changes of water circulation and consequent changes in
the supply of nutrients are generally considered as the pri-
mary controls of carbonate production in a sedimentary ba-
sin. The changes of water circulation are strongly dependent
on global and regional climatic variation. Changes in the
earth’s orbital parameters were recognised to cause cyclic
variations in the global and regional climate and oceano-
graphic processes on a scale of 20400 ky. The periods of
eccentricity (ca. 100 and 410 ky), obliquity (ca. 40 ky), and
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precession (ca. 20 ky) have been identified in a variety of
sedimentary sequences. The sedimentary signals of the or-
bital variations are amplified by different climatic-oceanic
feedback systems (Einsele & Ricken, 1991). The resultant
periodicity in the sediment tends to display considerably
varying amplitude and changing importance of the various
time intervals (Einsele, 1992). Moreover, depositional back-
ground noise is usually superimposed on the combined or-
bital signals. As a result, varve-scale lamination of the ze-
bra-type may have been produced in some sequences (Ein-
sele & Ricken, 1991). These complications, together with
the restraints in interpretations of time periods involved,
cause that the detection of the Milankovitch frequencies in
sedimentary sequences is seriously limited.

All the above mentioned limitations appear to particu-
larly concern the SMGMS. Its complex origin (both epi-
sodic and continuous sedimentation) makes it difficult to
precisely sort out the frequencies resulting from global proc-
esses from those caused by local ones. Moreover, the inter-
pretation is restricted also by the high variability of thick-
ness of the lithologic couplets which show varying carbon-
ate contents. The small thickness of the SMGMS and its
poor time matching call in the question of the applicability
of the spectral analysis to this sequence as is widely used in
recognition of the astronomically induced cyclicities in the
sedimentary record. Thus, the here proposed interpretation
of the SMGMS patterns should be as a sort of approximation
of the spectrum processes involved.

-l
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The well-defined nature and regional occurrence ot the
SMGMS suggests its origination in a specific time period.
The increasing to decreasing-upward trend of the carbonate
content, together with the predominantly biogenic nature of
the carbonate material, point to the deposition of the entire
sequence in conditions of strongly enhanced carbonate pro-
duction and consequent CCD drop. The calcareous nanno-
fossil assemblages and the distinctively increased standing
stock of benthic foraminifera of the light marl facies suggest
sedimentation in times of increased productivity and ade-
quately increased nutrient supply (cf. Krhovsky e al., 1993;
see also Thunell ef al., 1991). In contrast, the assemblages of
fossils contained in the less calcareous to noncalcareous
green shales suggest sedimentation in times of lowered pro-
ductivity and increased salinity at the basin floor (see
Krhovsky et al., 1993). Such contrasting sedimentary condi-
tions point to climate and basinal regime as the primary con-
trols of the SMGMS development.

The several hundred kiloyears sedimentation time span
estimated for the average SMGMS suggests sedimentation
under climatic and basinal regime that may have been
forced by the 410 ky eccentricity cycle. More than one such
cycle may be represented by the longest SMGMS sections,
particularly those in the Dukla nappe. In contrast, only part
of the cycle appears to be reflected in the shortest sections.
Such differentiation is here considered as resulting primarily
from sedimentation at different depths relative to CCD and
variable terrigenous dilution. The longest sections were

-«

Fig. 46. Generalized palacogeography and the facies distribution of the northern Carpathian area at the Eocene—Oligocene transition.

Based on differrent sources

Explanation of symbols (symbols common to all maps explained in the maps of Early and Late Priabonian).

A. Early Priabonian: / - Popiele Member underlain by Bachérz Sandstone and Shale Member, locally by Skopéw Shale Member, and
overlain by Skopéw Shale Member or by SMGMS; 2 — Wojakowa sandstone overlain by the Sub-Magura beds; 3 — Poprad Sandstone
Member overlain locally by the Green shale; 4 — Mszanka/Globigerina sandstone locally underlain and overlain by the Green shale: 5 —
Bartkéwka Sandstone Member underlain by the Bachérz Sandstone and Shale Member, Skopdéw Shale Member, and locally by the
Chwaniéw Calcareous Sandstone Member; 6 — Hieroglyphic beds locally overlain by the Green shale (). Hieroglyphic beds overlain by
the Sub-Magura beds (), Zlin beds (c¢), and Marginal flysch (d); 7 — Przysietnica sandstone interfingering with the Green shale; 8 — marl
and detritic limestones beneath the Zakopane beds; 9 — Variegated shale, locally marl; /0 — Variegated marl and shale: // — Variegated
shale overlain by the Green shale; /2 — Green shale predominantly (@), Skopéw Shale Member underlain by the Bachdrz Sandstone and
Shale Member. locally by the Chwaniéw Calcareous Sandstone Member and overlain locally by the Bartkdwka Sandstone Member (),
Variegated shale overlain by the Green shale, locally interfingering with the Hieroglyphic beds (c), (d) Green shale underlain by the
Variegated shale and/or Hieroglyphic beds; /3 — transport directions; /4 — poorly documented.

B. Late Priabonian: / — Popiele Member interfingering with and overlain by the Sub-Menilite Globigerina Marl: 2 — Poprad Sandstone
(see Cieszkowski, 1992a); 4 —upper part of the Sub-Magura beds (a) atid ZIIti beds (b), Papin beds (c), and lowermost part of the Zakopane
and Szaflary beds (d); 5 — “Black Eocene™ and Rdzawka beds; 3 — Mszanka/Globigerina sandstone; 6 — Hieroglyphic beds type deposits
embracing Luzna (Koniakéw) limestone; 7 — Sub-Menilite globigerina marl with frequent sandstone intercalations (line-grained depos-
its/sandstone = 1-5); § — Sub-Menilite globigerina marl with predominantly greenish-gray, cream-yellow to yellowish-gray marl
(fine-grained deposits/coarse-grained deposits >3); 9 — Leluchow Marl Member in variegated facies; /0 — presumed shallow-marine areas;
1] — emerged areas: /2 — present northern border of the Carpathian flysch nappes; /3 — presumed shoreline; /4 — approximate position of
the northern limit of the Pieniny Klippen Belt (p), Magura basin (m), sedimentary area of the Sub-Magura Units (pm, mi, d), Silesian basin
(s).

C. Early Rupelian: / — Dulabka beds overlain by Menilite type shales; 2 — Watkowa sandstone underlain locally by the Sub-Magura beds,
and overlain by Supra-Magura beds: 3 — Sub-Chert beds with Siedliska conglomerate and locally with the Borislav sandstone. 4 —
Mszanka sandstone, locally with overlying marls and shales of the Sub- Chert beds (a), Michalczowa sandstone overlain by the Grybdw
shale (b); 5 — Sub-Chert beds with the Borislav sandstone; 6 — Sub-Chert beds with Krosno-type sandstones (a); Rdzawka beds overlain
by the Cergowa beds (4); 7 — Sub-Chert beds with the Kombornia sandstone; 8§ — Malcov Formation locally underlain by the Smereczek
Shale Mcember (a), sandstone packages in lower part of the Szaflary beds (b); 9 — Sub-Chert beds with sandstones and conglomerates (a),
shales, sandstones and marls in lower part of the Zakopane beds (); /0 — Supra-Magura beds (). undivided Sub-Chert beds in Slovakia
(b): 11 — Sub-Chert beds dominated by marls and shales: /2 — Sub-Chert beds in the facies of Sub-Grybéw beds and Grybdw shale (a).
Barutka beds (b)
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Fig. 47. Simplified depositional model for the sedimentary development of the SMGMS. The fluctuating CCD due to different intensity
of carbonate sedimentation and dissolution together with the markedly bathymetrically differentiated basin morphology and resedimen-
tation frequency appear to be chiefly responsible for the sequence patterns
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formed at presumably shallower depths than the average
ones since such sites are affected earlier by the growing sup-
ply of carbonate material. Moreover, the CaCO3 content of
the background deposits can be expected to fluctuate there
less distinctively than in the sections deposited at greater
depths (Fig. 47).

Short eccentricity (ca. 100 ky) and obliquity cycles, be-
sides depositional noise, appear to be reflected by the
smaller fluctuations of the carbonate content in the back-
ground deposits. The former cycles seem to be reflected in
the most pronounced fluctuations recorded on a scale of
1.5-2.0 m of the background deposit thickness. These fluc-
tuations usually embrace two more distinctive marl—shale
couplets. These couplets imply forcing by the obliquity cy-
cle. Such fluctuations are best expressed in the SMGMS at
Znamirowice, Rudawka Rymanowska and Kroscienko-Gra-
nica. In other sections, the variability is less distinctive. As
it has been mentioned earlier, lateral differences in the pat-
tern of the background deposit distribution in the SMGMS,
point to sedimentation on a bottom markedly contrasted
bathymetricaly relative to the CCD. The sections where the
background deposits show greater variation of the CaCO3
content represent probably the deeper areas of the basins.
This is also suggested by the increased amounts of resedi-
ments. In contrast, sections deposited in the shallowest areas
tend to be deprived of the noncalcareous green shale inter-
beds. The SMGMS was not formed at sites below the limits
of the CCD fluctuation, whereas in areas continuously
above the CCD, the sequence evolved from the underlying
calcareous deposits.

The subtle variability of the CaCO3 content recorded on
a cm-scale seems to result from varying supply of ter-
rigenous and calcareous material. The supply varied in time
and space. Thus, such variability, together with the general
distribution of mass resedimentation deposits (episodic de-
posits), seem to represent a depositional noise. However, the
concentrated occurrence of episodic deposits in the less cal-
careous divisions of the SMGMS enhances its rhythmicity.
It cannot be excluded that some small-scale fluctuation in
the CaCO3 content was forced by the precession cycle (e.g.
Fig. 33; cf. Krhovsky et al., 1993). However, the Carpathian
territory was located at latitudes rather beyond significant
influence of this cyclicity (see Berger, 1978).

Intermittent and regionally changing tectonic activity of
the area, together with expanding and laterally shifting del-
taic lobes, as well as the sediment redistribution by mass-
gravity processes, accompanied by more regular climate
changes, seem to be all responsible for the present distribu-
tion of terrigenous material within the SMGMS (cf. Lesz-
czynski, 1996). The increased proportion of terrigenous ma-
terial and resediments in the SMGMS indicates generally
more proximal location of such section relative to the basin
margin and/or the main resedimentation paths.

SEDIMENTATION DEVELOPMENT

The Priabonian—Rupelian facies and their distribution
show that the Carpathian flysch was deposited in a set of
deep-sea troughs bordered to the north, west and east by the
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emerged to shallowly submerged European Platform and to
the south by shallow-marine to emerged area of the Alpine—
Carpathian—Dynaric Orogen (Figs. 44, 45). The fossil as-
semblages suggest that the communication of the area with
the rest of Tethys was ample until the end of Priabonian (see
Baldi, 1980). Moreover, the nature of these deposits implies
rather aerobic conditions at the basin floors. However, the
disappearance of red shales recorded since the middle Eo-
cene, suggests a gradual decrease in oxygenation. The dis-
appearance of red shales coincided both with severely inten-
sified resedimentation in the Magura basin and significant
tectonic reorganisation of the western Tethys. This coinci-
dence points therefore to a reduction in communication be-
tween the basins and the open ocean as a main cause of de-
creased oxygenation at the basin floors. The communication
became most restricted with the onset of anoxia that hap-
pened during the sedimentation of the Menilite beds (Ksiaz-
kiewicz, 1960). Similar facies appeared then nearly syn-
chronously along the entire northern margin of the Alpine
orogenic belt between Provence in the west and the Aral
Lake in the east (see Roth & Hanzlikova, 1982; Baldi,
1984). The appearance of anoxic facies corresponds to the
disappearance of Mediterranean fossil assemblages in the
Carpathian sea. According to Baldi (1980), the latter event
took place in the Pannonian basin somewhere in the middle
of the calcareous nannoplankton zone NP 21. A vast marine
area, called Paratethys (see Baldi, 1980), was then separated
from the main part of the Tethyan Ocean. At the beginning,
the Paratethys was linked mainly with the Caucasian— Indo-
Pacific realm and to a lesser extent with the Boreal province
(see Roth & Hanzlikova, 1982). Its communication with the
Mediterranean Tethys is not clear (e.g., Baldi, 1980). Ac-
cording to Roth & Hanzlikova (1982), the internal part of
the Magura nappe formed a low emerged peninsula within
the Paratethys. Orogenic movements recorded in the Alps
and Dinaric Mountains at the Eocene—Oligocene transition
are suggested to be responsible for the separation of the Pa-
ratethys (see Baldi, 1980).

The paleogeographic reorganisation within the Tethys
at the Eocene~Oligocene transition influenced the oceano-
graphic regime and climate not only in the realm itself but is
considered to have added to the global changes as well.
Nevertheless, the global reorganisation of lithospheric
plates recorded between the middle Eocene and early Oligo-
cene is considered to have amplified the changes of the
global climate recorded in the above time span. The opening
of the circum-Antarctic circulation and the connection of the
Arctic Ocean with the North Atlantic are actually regarded
as the main causes of these global climate changes (see
Prothero, 1994). The paleoclimatic data clearly indicate that
global cooling and increased aridity occurred during the
middle Eocene, across the Eocene—Oligocene boundary and
during the earliest Oligocene (Berggren & Prothero, 1992).

As compared to the underlying and the overlying depos-
its, the SMGMS was formed during an overall subdued re-
sedimentation intensity which, however, varied laterally in
the Carpathian flysch basins. Prior to the deposition of the
SMGMS, the most intense resedimentation occurred in the
Magura basin where huge masses of the Poprad Sandstone
Member were formed (Fig. 46A; Oszczypko, 1992a—c).
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However, according to Cieszkowski (1992a), vigorous sedi-
mentation continued locally throughout the entire time span
of the SMGMS as well. According to Marta Oszczypko
(1996), the SMGMS was deposited synchronously with the
Poprad Sandstone Member although no compelling evi-
dence for this conclusion has been given. In other basins, in-
tensified resedimentation in the Priabonian occurred only
locally with the Popiele Member, Przysietnica sandstone
and the Globigerina\Mszanka sandstone being the most re-
markable results. Similarly differentiated sedimentary con-
ditions are recorded synchronously also in other areas of the
Alpine Europe and particularly in other parts of the Carpa-
thians (see Tab. 5). The lowered terrigenous input together
with the synchronous expansion of the Podhale flysch and
the Pannonian basin, suggest sedimentation of the Pri-
abonian succesion generally during a relative sea-level rise
and highstand (cf. Ksigzkiewicz, 1960). However, with re-
spect to the global long-term sea-level changes, the entire
Priabonian represents a lowstand time (Haq ef al., 1988).
The widespread pre-SMGMS resedimentation and its later
localised occurrence suggest intensified tectonic activity in
some parts of the region. A simple interpretation of sand in-
fluxes in terms of sea-level changes only (see Oszczypko,
1992a, ¢) appears therefore rather unjustified. Eustatic influ-
ence on relative sea level appears to have been minor and
superimposed on tectonic activity that caused profound sub-
sidence in the entire Carpathian area. The generally higher
amount of the mass-gravity deposits below the SMGMS im-
plies sedimentation at a relatively low base level.

The predominantly terrigenous fine-grained deposits,
together with their low TOC contents, indicate low produc-
tivity in the flysch basins prior to the SMGM sedimentation.
However, as compared to older sequence that includes red
shales, the productivity appears slightly higher. The in-
creased sedimentation of carbonate material, recorded in
some areas in calcareous shale and marl packages sur-
rounded by noncalcareous deposits (e.g. in the Dukla
nappe), was restricted probably to elevated parts of the sea
floor (cf. Koszarski & Zytko, 1965). The lack of calcareous
deposits in other parts of the basins was probably caused by
their location below the CCD. Still, dissolution after burial
could have also added to the present absence of the carbon-
ates in some sections. The influence of dissolution is re-
corded in scattered concretions of siderite, ferroan dolomite
and rodochrosite (Narebski, 1957). An increased dissolution
can be expected in areas of intensified terrigenous input as
this material is distinctively enriched in organic matter.

Low productivity in flysch basins suggests lack of sig-
nificant vertical water mixing as well as restricted runoff
from lands. Both parameters depend on climate and global
circulation pattern. In the eastern and central Europe, a hu-
mid climate is broadly evidenced in the Eocene whereas
large areas of the present Arabic peninsula and Iran were
arid (Oberhinsli, 1996). Facies and their distribution show
that in general in the western Tethys aridification proceeded
during the late Eocene (see Béldi, 1984). This is interpreted
as caused by a shift of atmospheric circulation. The latter is
considered as a consequence of significant topography
changes suggested by the maximum tectonic activity in the
western Tethys during the late Eocene (see Oberhinsli,
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1996).

The extensive areas of large evaporation excess in the
Tethys are considered as sources of a warm saline bottom
water that was transported towards the Indian and the south-
ern Atlantic oceans during the Eocene. The westward trans-
portation must have proceeded also through the Carpathian
flysch basins and was probably responsible for the aeration
of basin floors until the end of Eocene. A similar circulation
originates in the present Persian Gulf and the Mediterranean
Sea. However, this circulation is considered to be at least
one order weaker than that during the Eocene. Still, accord-
ing to Miller (1992), the global circulation of the deep wa-
ters during middle to late Eocene was generally sluggish.
These circumstances he contradicted to those during the
early Oligocene when a vigorous deep-water circulation is
evidenced in the oceans.

The low runoff, suggested by the low productivity of
the Carpathian flysch basins during the Early and Middle
Eocene, was probably due to limited drainage areas. How-
ever, the surrounding lands supplied growing amounts of or-
ganic matter, as indicated by the episodic deposits (grey to
dark-grey turbidite shales are overlain by green hemipelagic
or pelagic shale, and green turbidite shales are overlain by
red hemipelagic or pelagic shale). Because ot a low carbon-
ate production, the CCD was apparently shallow during the
Early and Middle Eocene. Calcareous deposits were accu-
mulated therefore only on elevated areas, far away from the
pathways of the terrigenous flux.

The growing aridity towards the western Tethys, to-
gether with global cooling at the Eocene—Oligocene transi-
tion (see Prothero, 1994), both imply increased seasonal
contrasts. This may have resulted in an intensified vertical
water mixing and, consequently, in increased biogenic pro-
duction. There are also opinions that the fertility of the Car-
pathian flysch basins at the close of the Eocene grew mainly
due to increased supply of volcanic material (Gucwa & Wi-
eser, 1980). Nevertheless, the increased carbonate produc-
tion and the consequent CCD drop must have resulted in a
gradual expansion of carbonate material within the flysch
basins. Marls appeared earlier and were deposited more
continuously on elevated areas than in depressions (cf.
Krhovsky et al., 1993). The lower boundary of the SMGMS
and its lithostratigraphic equivalents is therefore slightly
heterochronous. The heterochroneity, however, is mispor-
trayed in the available Carpathian literature (Tab. 5). This is
mainly because of different origin of the datations. The most
intense sedimentation of marls typical for the SMGMS oc-
curred apparently at the end of Priabonian and persisted lo-
cally to the beginning of the Rupelian. The strong climatic
control on marl deposition, together with the inferred sev-
eral hundred kiloyears sedimentation time span and the se-
quence pattern, suggest that the SMGMS was basically de-
posited within one 414 ky eccentricity cycle. Nevertheless,
in some parts of the Alpine—Carpathian Tethys, the globig-
erina marl was deposited throughout the entire Lutetian and
Priabonian (see Herb, 1988). Still, in some other areas, the
globigerina marl did not originate at all. The calcareous ma-
terial may have been dispersed in predominantly siliciclastic
deposits. This pertains particularly to the northern part of the
Magura nappe and some areas of the SMU (Fig. 46B).
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The highest contrasts between seasons at high latitudes
in the northern hemisphere occur during the maximum
obliquity of the Earth’s axis and the summer perihelion.
These were probably the periods of the most intense carbon-
ate sedimentation in the Carpathian flysch basins. Notewor-
thy, the increased amounts of nannofossils suggest that the
primary productivity was only moderate (Berger, 1991).
Seasonal, decreased carbonate sedimentation may have oc-
curred in times of lowered difference between the seasons.
The green shale facies was then deposited. The lowered
amounts of benthic foraminifera in the green shale suggest
that its deposition was accompanied by slightly increased
terrigenous input. Moreover, the occurrence of turbidites
within the less calcareous sequence segments suggests that
they may also reflect times of intensified resedimentation.
Thus, there are two possibilities of the origin of the noncal-
careous to poorly calcareous divisions: (1) sedimentation
during lowered sea level stands, or (2) sedimentation in pe-
riods of increased river runoff. The latter seems to be more
probable for the SMGMS as the range of eustatic sea-level
changes within an obliquity cycle in the late Priabonian was
rather insignificant.

The growing upward proportion of the dark-coloured
fine-grained deposits dominated by the type [l kerogen in
the Priabonian sequence suggests intensification of terres-
trial plant detritus supply during the Late Eocene. The latter
process may have been caused by increased erosion of adja-
cent lands due to the earlier mentioned, globally lowered
sea-level inferred for the Middle and Late Eocene. The lat-
erally changing quantity of the dark-coloured fine-grained
deposits seems to reflect the distribution of river mouths and
deltas around the flysch sea. The occurrence of fossils simi-
lar to those in the green shale, though in a significantly
poorer assemblage, suggests resedimentation of the TOC-
enriched deposits from outer shelf, i.e. from a prodelta or a
delta front. The significant increase in organic matter and
terrigenous material supply stopped the SMGMS develop-
ment just at the beginning of the Oligocene (Fig. 46C).

The appearance of the type Il kerogen in the Sub-Chert
beds together with the disappearance of the benthic meio-
and macrofauna and, consequently, the disappearance of
bioturbation, all imply the onset of anoxia at the basin bot-
tom. This was accompanied by a switch to the predomi-
nantly marine organic matter reflecting a significant in-
crease in the primary productivity in the flysch basins. A
gradual decrease in the content of calcareous material in the
background deposits implies ecological changes in the
flysch basins. The onset of anoxia was presumably mainly
due to a reduced deep-water circulation and increased sup-
ply of labile organic matter. Growing isolation from the
global ocean is generally regarded as responsible for the re-
striction of deep-water circulation (Figs. 44, 45, cf. Baldi,
1984). Hence, the increase in productivity was there caused
presumably by a high fluvial supply of nutrients (cf.
Krhovsky et al., 1993). This is best evidenced in the pack-
age of cherts and diatomites of the Menilite beds. The con-
centration of diatomites in the marginal parts of the basins
(see Jucha & Kotlarczyk, 1961) points to strongly increased
supply of silica from adjacent lands. The common occur-
rence of volcanic material in the Sub-Chert beds suggests
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that it also added to the fertility of the flysch basins (Gucwa
& Wieser, 1980; Roth Z., 1981; Roth & Hanzlikova, 1982).
Moreover, the increased productivity together with the bot-
tom anoxia imply that shallow estuarine circulation may
have developed in the flysch basins in the early Rupelian
(see Einsele, 1992). Such circulation may have induced up-
welling (Vets, 1987) that additionally enhanced the fertility.
Finally, the photic zone anoxia recorded in the Menilite
beds (Koster ef al., 1996) suggests that water column in the
flysch basins was stratified (cf. Roth & Hanzlikova, 1982),
and a strongly oxygen depleted zone occurred there.

The cessation of the SMGMS development coincided
with intensified resedimentation in the entire region (Ko-
szarski & Zytko, 1959). The resedimentation first affected
the organic-rich deposits of the outer basin margin and cul-
minated in predominantly siliciclastic deposits (the sand-
stones of the Sub-Chert beds, and the glauconitic Magura
sandstone). Such extensive intensification of resedimenta-
tion points to a rather overregional control (cf. Koszarski &
Wieser, 1960). An influence of the globally recorded sea-
level fall cannot be excluded here (cf. Baldi, 1980). How-
ever, in contrast to other periods, the resedimentation in the
early Rupelian was subordinate in the Carpathian area. This

* suggests that the relative sea-level fall was there rather mod-

erate and/or the morphology of the surrounding lands was
flattened.

The domination of hemipelagic and pelagic deposits in
the SMGMS, together with the increased proportion of
mass-gravity transport deposits in the overlying Sub-Chert
beds and the significant enrichment of the latter in shallow-
marine bioclastic material, all suggest sedimentation of the
SMGMS during a sea-level highstand. In contrast, the Sub-
Chert beds appear to be deposited during relative sea-level
fall and lowstand (7source area uplift). Hence, the sequence
embracing the Green shale unit, SMGMS and the Sub-Chert
beds corresponds to a genetic stratigraphic sequence (Gallo-
way, 1989).

The zebra-type deposits at the base of the Sub-Chert
beds appear to reflect intensification of resedimentation.
Those, in higher parts of the unit seem to represent a distal
record of intensified resedimentation and short-term fluctua-
tions in primary productivity.

POSTDEPOSITIONAL CHANGES

As it has been shown earlier, the 8¢ signals suggest
diagenetic modification of the SMGMS deposits proceeding
in two stages. In the first stage, these deposits underwent re-
crystalisation influenced by the isotopically light CO2 (cf.
Broecker & Peng, 1982; Shackleton et al., 1983). Its occur-
rence is indicated by the well preserved, uncompacted bur-
rows recorded in the strongest cemented marl (concretion-
ary beds; see also Bohrmann & Thiede, 1989). Siderite, fer-
roan dolomite (ankerite) and rodochrosite were formed be-
sides calcite. This kind of diagenesis was pointed out by
Krhovsky et al. (1993) as the only one responsible for the
features of the SMGMS equivalent deposits. The highly
negative isotopic signals of the light marl and its increased
hardness suggest that it originally contained considerable
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amounts of easily metabolizable organic substances.

The second stage of diagenesis is recorded primarily in
the dark-coloured mudstones shales and marls showing dis-
tinctively heavier 8'3C than that in the light marl and the
green shale. The enrichment in the Be appears to result
from the occurrence of CaCO3 formed of CO2 that was
modelled by methane formation. The exclusively negative
§'%0 in the SMGMS, together with the high pyrolitic Tmax,
suggest that the isotopically heavy CaCO3 formed during a
deep burial of the sequence. The methane-related recrystali-
sation affectedprlmarlly the significantly TOC-enriched de-
posits. The si°c signals in some light marls suggest that
these were not necessarily only the deposits which presently
contain more organic matter.

CONCLUSIONS

The following features of the SMGMS were determined
and interpreted for the first time based on investigations in
the entire Polish Carpathians:

1. The SMGMS, though dominated by light marls, in-
cludes facies belonging to all classes of the Pickering et al.
(1986) classification scheme. The marls display a variety of
textures and sedimentary structures and are compositionally
heterogeneous, differing in the proportion of siliciclastic and
calcareous material, type of iron compounds and the amount
of organic matter. The SMGMS characteristic light marls in
the lower and the upper part of the sequence are in places
poor in planktonic foraminifera. In contrast to the foraminif-
era, calcareous nannofossils appear to be always abundant
in these deposits. Compositionally, the light marls charac-
teristic for the SMGMS represent nanno-foram-muddy
oozes, called also arls.

2. The present distribution of the SMGMS results
chiefly from orogenic deformation and postorogenic erosion
of the flysch sequence. This particularly concerns the Ma-
gura nappe. However, intense sedimentation of noncal-
careous material during the late Priabonian restricted the de-
velopment of typical SMGMS in the Magura basin.

3. The SMGMS consists mainly of hemipelagites arid
fine-grained turbidites. The light marls are mainly hemipela-
gites, rarely pelagites, turbidites or bottom-current reworked
deposits. The ratio of mass-flow deposits to the hemipela-
gites plus pelagites varies from nearly null to one. Con-
tourites, suggested earlier by Rajchel (1990) in the SMGMS
of the Skole nappe, appear to be also present in other areas.
Thin and very thin beds of dark-coloured mudstones and
marls, siltstones and fine-grained sandstones are the most
common mass-flow deposits.

4. The markedly increased proportion of fine-grained
deposits in the top part of the Priabonian sequence in the en-
tire Carpathians indicates their sedimentation in a period of
lowered tectonic activity of the region and relative sea-level
rise.

5. The vertical pattern and lateral variability of the
SMGMS point to deposition under fairly variable sedimen-
tary conditions both in time and space. The periodically
changing production of nannoplankton and planktonic
foraminifera and the consequent CCD changes, recognized
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earlier by Krhovsky ef al. (1993) in the SMGMS equivalent
deposits in the Czech Carpathians, together with basin mor-
phology and spasmodic resedimentation, all are here consid-
ered as the main factors responsible for the SMGMS devel-
opment.

6. The variability in the type and amount of pelagic and
hemipelagic material supplied to the sea floor is believed to
have resulted primarily from orbitally forced climate and
paleogeography changes over the sedimentary basin and its
surroundings. The SMGMS is interpreted to have resulted
from sedimentation forced generally by one 410 ky eccen-
tricity cycle. The thickest SMGMS, as in the Dukla nappe,
may have been deposited within more than one above men-
tioned cycle. Their development is presumed to have started
earlier due to their [ocation at shallower depths. The distinc-
tive vertical fluctuations of CaCOQO3 content within back-
ground deposits appear to result from climate and conse-
quent environmental changes forced by short eccentricity
and obliquity cycles. Any stronger impact of precession cy-
cles as suggested by Krhovsky et al. (1993), is here ques-
tioned. The intermittent resedimentation of terrigenous ma-
terial usually rich in organic matter contributed to the se-
quence pattern, depending mainly on section location with
respect to the main pathways of the terrigenous influx.

7. The sedimentation of the carbonate-enriched back-
ground deposit (particularly the light marl) occurred in peri-
ods of intensified water circulation. Contrary to Krhovsky et
al. (1993), such periods are here considered as typified by
strongly contrasted (dry/wet) seasons with an overall low
terrigenous influx. Moreover, the less calcareous back-
ground deposits (particularly the green shale) are here con-
sidered as deposited during more equable seasons, increased
humidity and consequently lowered water circulation. The
influence of enhanced runoft on the sedimentation of the
carbonate-rich deposits, suggested by Krhovsky er al
(1993), appears doubtful in the light of the present data.

8. The lateral variability of the calcareous background
deposits is here considered to reflect bathymetric differen-
tiation of the basin bottom relative to CCD and temporal
CCD fluctuations.

9. The domination of type Il kerogen in the TOC-rich
deposits evidences their supply from deltas or basin margin
influenced by river mouths. Consequently, this suggests that
the sedimentation of the turbidites in the SMGMS was con-
trolled by the growth of deltas and local tectonic activity.
The SMGMS sections enriched in the dark-coloured depos-
its record therefore a proximity to basin margins and/or re-
sedimentation routes. The presence of impoverished
foraminifera assemblages in such deposits implies dysaero-
bic or poorly areobic conditions on the basin bottom in their
source areas.

10. The 8'%0 and 8'°C signals in the fine-grained de-
posits of the SMGMS indicate significant diagenetic modifi-
cations of these deposits. Their character and scale de-
pended upon the availability of easily degradable organic
matter and the content of easily soluble carbonate particles
in the sediment. The light marl and green shale were af-
fected mainly by diagenesis due to oxic degradation of or-
ganic matter. Therefore, the isotopically light carbonate was
there introduced proportionally to the original CaCO3 con-
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tent. The dark-coloured mudstones and marls, as well as
some light marls and shales underwent additionally a later
diagenesis related to methane formation. It resulted in the
introduction of isotopically heavy carbonate. Nevertheless,
the original periodic variation of the 5'%0 and 5'°C in the
water column of sedimentary basin was of the primary sig-
nificance for the observed alternation of the distinctively
calcareous and non-calcareous light-coloured background
deposits. The diagenetic processes enhanced only the origi-
nal record of various sedimentary conditions.

11. The SMGMS development was halted due to both
the significant increase of resedimentation and the decrease
of carbonate production. The increase in resedimentation
was mainly due to relative sea level fall. Influence of in-
creased tectonic activity appears rather subordinate. The re-
duction of carbonate production was caused primarily by a
climate change. The increased supply of organic matter
waned the deposition of the light-coloured marl. To some
extent, the intensified accumulation of organic matter, and
the development of anoxic conditions at the seafloor re-
sulted from the cessation of water circulation in the Carpa-
thian sea. This was caused by a significant reduction of the
connections of this area with the world oceans. Intensified
primary production, evidenced by the domination of the
type II kerogen in the Sub-Chert beds, may have signifi-
cantly added to the deoxygenation of the basin bottom.

12. The primarily climatic control of the SMGMS de-
velopment suggests its isochroneity. The heterochroneity
suggested in the literature results from regional variability of
the rock sequence, its inconsistent lithostratigraphic classifi-
cation, differences between the biostratigraphic zonations
used and from the restricted applicability of particular bios-
tratigraphic methods used. Some diachroneity cannot, how-
ever, be excluded as well.

13. In sequence stratigraphy terms, the SMGMS to-
gether with the immediately underlying Green shale unit
and the overlying Sub-Chert beds represent a genetic strati-
graphic sequence.
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Streszczenie

GENEZA UTWOROW SEKWENCJI
PODMENILITOWYCH MARGLI
GLOBIGERYNOWYCH (PRZELOM EOCENU
I OLIGOCENU) KARPAT POLSKICH

Stanislaw Leszczynski

WSTEP

Sekwencja podmenilitowych margli  globigerynowych
(SMGMS) reprezentuje jeden z wazniejszych poziomdéw charak-
terystycznych we fliszu Karpat zewngtrznych. Sekwencja ta wy-
réznia si¢ skoncentrowanym wystgpowaniem kremowo-zoltych i
zielonych do czerwonawych margli bogatych w otwornice plank-
toniczne. Micsci si¢ ona w obrg¢bie czgsci sekwencji fliszu charak-
teryzujacej si¢ ostrymi zmianami w obregbie utwordéw drobno-
ziarnistych.

Szerokie rozprzestrzenienie margli bogatych w globigeryny
na przelomie eocenu i oligocenu na obszarze od Alp Zachodnich
po Kaukaz (patrz Rogl & Steininger, 1983) sugeruje sterowanie
sedymentacji tych utwordw przez czynniki ponadregionalne. Za-
sadnicze znaczenie przypisywane jest globalnym zmianom kli-
matu oraz zmianom paleogeografii w obr¢bie i wokdét Tetydy
(patrz Olszewska, 1983, 1984).

Celem niniejszej pracy jest interpretacja genezy osadow
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SMGMS, ze szczegolnym uwzglgdnienicm glownych czynnikow
odpowiedzialnych za sedymentacj¢ charakterystycznych dla tej
sekwencji jasnych margli oraz za'wzor sekwencji.

METODY

Przeprowadzono ogolna analiz¢ sekwencji gornego eocenu—
dolnego oligocenu w calych Karpatach. W 25 przekrojach z réz-
nych czgscei Polskich Karpat zewngtrznych (Fig. 1) przeprowa-
dzone zostaly makroskopowe badania szczegolowe. W badaniach
makroskopowych rejestrowane byly wszystkie cechy skal. Facje
odnoszono do schematu klasyfikacyjnego facji osadéw glgboko-
wodnych opracowanego przez Pickeringa et al. (1986: Tab. 1).

W oparciu o dane z przekrojéw badanych bezposrednio oraz
dane z literatury opracowane zostaly schematy litostratygrafii i
mapy facji p6Znego eocenu—wczesnego oligocenu.

Badania terenowe uzupetnione byly badaniami laboratoryj-
nymi:

— mikrocech osaddéw,

— rozmieszczenia otwornic i nanoplanktonu wapiennego,

— zawartos$ci i rodzaju weglanow,

— zawartosci i rodzaju materii organicznej,

— zawartosci 10 glownych picrwiastkow,

— sygnalow stabilnych izotopéw tlenu, wegla i siarki.

STRATYGRAFIA

Definicja i datowania

Jako SMGMS, w pracy ninigjszej opisywany jest pakiet skal
zdominowany marglami kremowo-zoltymi. z6ltawo-zielonymi,
zielonawo-szarymi lub czerwonawymi wystegpujacy powyzej sek-
wencji z przewaznie zielonymi utworami drobnoziarnistymi lub
powyzej jej odpowiednikow chronostratygraficznych, a ponizej
sekwencji, w ktérej utwory drobnoziarnisic sa w przewadze
ciemne. Jest ona opisywana jako warstwy menililowe lub jako for-
macja menilitowa. W pracy niniejszej wzmiankowana jest przede
wszystkim dolna cz¢$¢ warstw menilitowych, ponizej poziomu ro-
gowcow, nazywana warstwami podrogowcowymi (por. Swidzifi-
ski, 1948).

Datowania SMGMS, podobnie jak i jej litostratygrafia, pre-
zentowane sa réznic w dotychczasowej literaturze (Tab. 2). We-
dlug ostatnich prac, SMGMS obejmuje poziomy otwornicowe P
17. czgsciowo P 16 (Van Couvering ef al., 1981) oraz P 18 (Ol-
szewska, 1985), a takze poziomy nanoplanktonu wapiennego NP
201 dolng czg$¢ NP 21 (Van Couvering ef al., 1981) lub wylacznic
nierozdzielny poziom NP 19/20 (Oszczypko. 1996). Datowania e
pozostaja do siebie w roznych relacjach, zaleznie od rodzaju skali
odniesienia (Tab. 3).

SMGMS a utwory priabonu—wczesnego rupelu
w Karpatach Polskich

Karpaty wewnetrzne

Uwory priabonu—wczesnego rupelu dokumentowane sg w
dolnej czgsci paleogenu Podhala (v. Blaicher, 1973; Sokolowski,
1985; Cieszkowski, inf. ustna). Odpowiedniki chronostratygra-
ficznie SMGMS wystepuja na przejsciu od wapiennych utworow
eocenu numulitowego do [liszu warstw zakopianskich i szaflar-
skich.

Karpaty zewnetrzne

Utwory priabonu w Karpatach zewngtrznych, z wyjatkiem
plaszczowiny magurskiej, sg zdominowane tupkami zielonymi
(Fig. 2; Tab. 4). W plaszczowinie magurskiej, w jednostkach kry-

nickicj, sadeckiej i gorlickiej, priabon jest reprezentowany glow-
nie przez seri¢ fliszu ogniwa piaskowcoéw z Popradu (v. Oszezyp-
ko, 1992a, b, c). Lokalnie mogg one si¢gac po granic¢ eocen—oli-
gocen (v. Cieszkowski, 1992a). W jednostce Siar plaszczowiny
magurskiej, utwory priabonu sg przewaznie drobnoziarniste o bar-
wach zielonych i szarych (lupki pstre, warstwy podmagurskie i hi-
croglifowe; v. Oszczypko, 1992b, ¢).

W stropie priabonu, na przejsciu do rupelu, na calym obszarze
Karpat zewnetrznych wystgpuja utwory wzbogacone w material
wapienny. Jest to w wigkszosci SMGMS (por. Koszarski, 1985).
W plaszczowinie magurskiej, sekwencj¢ takich utworéw wydzie-
lono jako ogniwo margli z Leluchowa (Birkenmajer & Oszczypko,
1989), natomiast w plaszczowinie skolskiej jako ogniwo margli ze
Strwiaza (Rajchel, 1990). Wyksztalcenie SMGMS pod wzglgdem
skladu litologicznego i1 rozmieszczenia poszczegolnych rodzajéw
skal w profilu jest rézne 1 zmienia si¢ juz na dystansie paru kilo-
metréw (Fig. 3—17).

Powyzej SMGMS, w jednostkach tektonicznych grupy przed-
magurskiej i polozonych bardziej na pélnoc, zalega zréznicowana
litologicznie sckwencja warstw podrogowcowych, stanowigcych
dolng czg¢s¢ warstw menilitowych. Jej wyrdznikiem sg ciemno-
szare i brunatne do czarnych utwory drobnoziarniste (mulowce,
margle, tupki) podscielajace poziom rogowcow. Wystgpujace tam
utwory gruboklastyczne cechuja si¢ duzym udzialem bioklastow
pochodzenia plytkomorskiego. Na przejsciu od SMGMS do
warstw podrogowcowych wystepuje przekladaniec centymetro-
wych lamin jasnych i ciemnych osadu drobnoziarnistego (lupek
ilasty do mulowego, mulowiec, margiel). Wapnistos¢ utwordw
drobnoziarnistych spada wyraznie w stropie warstw podrogow-
cowych.

Margle globigerynowe na przelomie eocenu—oligocenu
w innych regionach

Znaczne wzbogacenie utworéw przelomu eocenu—oligocenu
w drobnoziarnisty material wapienny. wigcznie z wyst¢powaniem
margli globigerynowych. zaznacza si¢ na calym obszarze alpidow
Europy s$rodkowej. Jednakowoz, pozycja skoncentrowanego wy-
stgpowania materialu wapiennego jest interpretowana dosy¢ roz-
bieznie (Tab. 5). Rozbieznosci te, przynajmnicj w czesei, wydajq
si¢ wynika¢ z réznych metod datowania, jak réwniez z roznej kla-
syfikacji litostratygraficznej tych utworéw. Ich pozycja litostraty-
graficzna w calych Karpatach zewnetrznych wydaje si¢ byé stala.

SPECYFIKA I FACJE SMGMS

Na calym badanym obszarze, SMGMS wykazuje znaczne la-
teralne zrdéznicowanie migzszosci, skladu i wzoru. 7Z wyjatkiem
plaszczowiny dukielskiej, jej miazszos¢ wydaje si¢ oscylowaé
migdzy 5-10 metréw. Zaznacza si¢ staby trend wzrostu skumulo-
wanej migzszosci margli jasnych i lupkéw zielonych ze spadkiem
skumulowanej migzszosci niewapnistych lupkow zielonych (Fig.
18A) oraz wzrostem ilosci przewarstwien tych ostatnich (Fig.
18B). Réznice we wzorze sekwencji zaznaczajg si¢ na przestrzeni
kilku kilometrow (por. profil Znamirowice na Fig. 11 z profilem
na Fig. 12B). Chociaz, pewien wzor zdaje si¢ powtarzaé w nie-
ktérych profilach.

Ze wzgledu na teksturg, barwe. struktury sedymentacyjne i
zawarto$¢ CaCO3 utworéw SMGMS wyodrgbnione zostaly w nich
nastgpujace facje:

—margle jasne,

— lupki zielone,

— ciemne tupki, mulowce i margle,

— piaskowece i pylowce,

— utwory chaotyczne

Wyréznione facje wykazujg pewne powiazanie ze sobg (Fig.
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19). Dotyczy ono szczegélnie stopniowego przechodzenia margli
jasnych w lupki zielone. Osady gruboziarniste koncentruja si¢ w
slabiej wapnistych odcinkach profilu. W gérnej czgsci SMGMS
zaznacza si¢ zanik bioturbacji. Sa one generalnie nicobecne w
lezacych wyzej warstwach menilitowych.

Margle jasne

Facja ta obejmuje migkkic margle zolto-kremowe, bezowe,
Z0lto-ziclone, bezowo-szare, szaro-zielone 1 czerwonawe oraz
twarde, konkrecyjne margle bezowe. Ich skoncentrowane wyste-
powanie jest podstawa wydziclania SMGMS. Utwory te wykazuja
pewne zrdznicowanic tekstury i struktur sedymentacyjnych, wi-
doczne przede wszystkim pod mikroskopem (Fig. 20-28). Naj-
grubsza frakcje jasnych margli tworza najczesciej skorupki otwor-
nic planktonicznych. Obserwacje w mikroskopic skaningowym
wskazuja. ze material wapienny jest gléwnie pochodzenia nanno-
planktonowego (Fig. 29; por. Krhovsky et al., 1993; Oszczypko,
1996). Margle migkkie tej facji odpowiadaja facjom G1.2 i G2.1
ze schematu klasyfikacyjnego Pickeringa et al. (1986), za$ margle
twarde maja charakter facji G3.

Lupki zielone

Zaliczono tu lupki jasnoziclone. szaroziclone do oliwkowych,
mulowe do ilastych, tak wapniste jak i niewapniste. Ich udzial i
rozmieszczenie w badanych przekrojach sg dosy¢ zréznicowane.
Zanikajq one prawie zupelnie w stropic SMGMS. W utworach
tych reprezentowane sg facje E1.2, E1.3, G2 i E2.1 ze schematu
klasyfikacyjnego Pickeringa et al. (1986).

Lupki, mulowce i margle ciemne

Facja ta obejmuje ciemnoszare do czarnych lupki ilaste do
mulowych, ciemnoszare do czarnych i brunatne mulowce i margle.
Udzial tych utworéw wzrasta ku gérze SMGMS. Oprécz zrdzni-
cowania barwy i zawartosci CaCO3 wykazujg one dos¢ duze zréz-
nicowanic pod wzgledem skladu petrograficznego, tekstury i
struktur (Fig. 30-32).

W odniesieniu do schematu klasyfikacyjnego Pickeringa et
al. (19806), utwory te reprezentujq facje D2.1, D2.3, E2.1, oraz
E2.2.

Piaskowce i pylowee

Facja ta reprezentowana jest przede wszystkim przez cienkie
i bardzo cienkie lawice pylowcow i piaskowcdw, przechodzacych
ku gorze w ciemny mulowiec, odpowiadajace w schemacie klasy-
fikacyjnym Pickeringa ef al. (1986) facjom C2.3 i D2.1. Podrz¢d-
ny udzial majg utwory reprezentujace facje C2.1, B1.2 oraz CI1.1.

Utwory chaotyczne

Facja ta obejmuje utwory odpowiadajace facjom F2.1 1 F2.2
ze schemaltu klasyfikacyjnego Pickeringa et al. (1986). Wystepujq
one w pojedynczych lawicach, szczegdlnie w obr¢gbic SMGMS w
plaszczowinie dukielskiej.

SKLAD UTWOROW DROBNOZIARNISTYCH

Glownymi skladnikami mineralnymi badanych drobnoziar-
nistych utworéw SMGMS sg hydromiki, kwarc detrytyczny oraz
kalcyt. W marglach twardych wystepuja wigksze ilosci syderytu,
dolomitoéw zelazistych, i w mniejszym stopniu rodochrozytu (Fig.
39).Czgstym skladnikiem ciemnych lupkow, mulowcéw i margli
Jjest piryt. Zawarto$¢ weglanéw wyrazana jako CaCO3 waha sig¢ w
przedziale 0-78.5%. Material wapicnny tworzg glownie nanno-
skamienialosci (v. Radomski, 1967: van Couvering ef al., 1981;
Oszczypko, 1996: Fig. 37) oraz skorupki otwornic planktonicz-
nych (v. Blaicher, 1961, 1970: Olszewska, 1983, 1984; Fig. 36).

S. LESZCZYNSKI

Zawartos¢ weglandw, materii organicznej. sygnaly stabilnych izo-
topow O, C i §, jak rowniez udzial otwornic i nannoplanktonu
wykazuja silng zalezno$¢ od rodzaju osadu (Fig. 33-35; 38, 40. 41,
43; Tab. 8).

Calkowita zawartos¢ materii organicznej (TOC) miesci si¢ w
przedziale 0-3,5%. W marglach jasnych jej udzial jest bliski zera.
Najwigkszy udzial ma ona w lupkach, mutowcach i marglach
ciemnych. Reprezentowana jest tam glownie przez kerogen typu
I (Tab. 6, Fig. 42).

Sposrod 10 pierwiastkow glownych. najbardziej zmienny
udzial wykazuja: Si. Ca, Fe, Ali K (Tab. 7)

GENEZA OSADOW

Tekstura i struktury sedymentacyjne osadéw drobnoziarnis-
tych dominujacych w SMGMS wskazujg na sedymentacj¢ glow-
nie poprzez swobodne osiadanie ze slupa wody. Duza zawartos¢
pylowego materialu terygenicznego wskazuje, ze sq to zasadniczo
osady hemipelagiczne. Czgs¢ osaddw drobnoziarnistych depono-
wana byla przy pewnym udziale transportu po dnie.

Margle twarde sq osadami uksztaltowanymi znaczaco przez
procesy diagenctyczne. Tym samym reprezentujg onc facj¢ osa-
dow chemogenicznych: G3, w schemacic klasyfikacyjnym Picke-
ringa ef al. (19806).

Margle i lupki z laminami pylowymi. podobnie jak kilkumili-
metrowe do kilkucentymetrowych laminy pylaste i drobnopiasz-
czyste mogg reprezentowac osad pradow konturowych lub osad
silnie rozcienczonych pradow zawiesinowych.

Lupki, mulowce i margle tworzace warstwy o wyraznie zaz-
naczonym spagu i wykazujace normalne uziarnienie frakcjonalne,
podobnie jak i cienkic i Srednie fawice piaskowcdw i pylowcow sg
turbidytami osadzonymi z pradow zawiesinowych o niskicj ges-
tosci. Piaskowce grubolawicowe sa turbidytami osadzonymi z pra-
déw zawiesinowych o wysokiej gestosci.

Utwory chaotyczne zostaly osadzone przez splywy kohezyjne
1 osuwiska.

Zc¢ wzgledu na sklad, charakterystyczne dla SMGMS margle
jasne reprezentujg mulowe oozy nannoplankltonowo-otwornicowe.
zwane tez arlami nannoplanktonowo-otwornicowymi.

Cechy osadow eocenisko-oligocenskich Karpat zewngtrznych
oraz ich rozmieszczenic wskazujg na sedymentacj¢ w zamykajg-
cym si¢ basenie (ang. remnant basin) glgbokomorskim (Fig. 44,
45). Ze wzglgdu na stosunkowo niewiclkie rozmiary i wyrazne od-
dzielenic morfologiczne od gléwnej czgsei Tetydy basen ten mial
charakter “morza przyleglego™ (ang. adjacent sca, Einscle, 1992).

Utwory SMGMS deponowane byly na glgbokosciach polozo-
nych w przedziale CCD. Zmieniajace si¢ lateralnie rozmieszczenic
drobnoziarnistych osadéw wapiennych wydaje si¢ wynikac¢ ze
znacznego zroznicowania batymetrii basenow wzglegdem CCD.

Zespoly nanoplanktonu i otwornic planktonicznych w utwo-
rach SMGMS wskazujy na ich osadzanic w morzu umiarkowanie
chlodnym (van Couvering e¢f al.. 1981; Olszewska. 1983). Pio-
nowe zmiany zespolow obu grup skamienialosci sugeruja [luktua-
cj¢ zasolenia, ewaporacji i Zyznosci basendw fliszowych (Krhov-
sky ef al., 1993). Intensywna bioturbacja osaddéw tla wskazuje
acrobowe warunki na dnie basendw podczas sedymentacji utwo-
row SMGMS. Zakonczenie ich sedymentacji wigze si¢ z zalama-
nicm aeracji i nastaniem warunkow anoksycznych i bliskich
anoksji. W warunkach takich deponowanc byly utwory warstw
menilitowych. Nastanie ich sedymentacji spowodowane zostalo
ograniczeniem polaczen basenow [liszowych z otwarlym occanem
w wyniku ruchow orogenicznych na obszarze Tetydy oraz global-
nych zmianami klimatu (v. Berggren & Prothero, 1992; Prothero.
1994; Oberhinsli, 1996)

Zréznicowanic lateralne udzialu i rodzaju materialu tery-
genicznego w SMGMS wskazuje na rézne wplywy ladow. Para-
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metry te sterowane byly przez klimat, zréznicowang aktywnosc¢
tektoniczng obrzezen basenéw fliszowych ich morfologi¢ i odleg-
lo$¢ od gléwnych drég roznoszenia materialu. Charakterystyczna
byla dostawa materialu z pélnocnych obrzezen basenow (Fig. 46).
Generalnie. w poréwnaniu do utworow podscielajacych i nadleg-
lych, SMGMS formowana byla w okresie znacznego obnizenia in-
tensywnosci resedymentacji w basenach fliszowych.

Fluktuacja wapnistosci utworéw SMGMS, wynikajaca zasad-
niczo ze zmieniajgcej si¢ zawartosci nanoplanktonu wapiennego i
olwornic planktonicznych, sugeruje sterowanie sedymentacji calej
sekwencji przez klimat i czynniki pochodne. Laczna migzszos$c
osadow tla SMGMS oraz jej parametry stratygraficzne sugeruja
powstanie catej sekwencji pod wplywem warunkéw klimatycz-
nych uksztaltowanych przez jeden dluzszy cykl ekscentrycznosci
orbity Ziemi (414 tys. lat: por. Krhovsky ef al.. 1993; Leszezynski,
1996). Stopa sedymentacji osadow tla wynosila ok. 37 mm/tys. lat.

Wzor SMGMS ksztaitowany byl zasadniczo przez zmiany
klimatu wynikajace z krotszego cyklu ekscentrycznosci orbity
Ziemi (ok. 100 tys. lat) oraz cyklu skosnosci (ok. 40 tys. lat),
batymetri¢ i geometri¢ basendw fliszowych oraz aktywnos¢ tek-
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toniczng obszaru. Zmiany klimatu wplvwaly na rozwd) SMGMS
poprzez sterowanie produkcja nanoplanktonu wapiennego i otwor-
nic planktonicznych i w konsekwencji polozeniem CCD (Fig. 47).
Batymetria i geometria basendw fliszowych wplywala na lokalny
rozwdj sedymentacji, okreslajac polozenic migjsca wzglgdem
fluktuujacej CCD i doplyw materialu weglanowego oraz intensy-
wnosé i sposob dostawy materialu terygenicznego. Ostatnie dwa
parametry byly rownoczesnie uzaleznione od aktywnosci tekto-
nicznej obrzezen basendéw. Najslabsza fluktuacja wapnistosci osa-
déw tla oraz stratygraficznie najwigkszym zasi¢giem cechuje si¢
SMGMS w przekrojach powstalych w miejscach najplytszych,
poza gléwnymi drogami dystrybucji materialu lcr}fTanicznego.

Silne wzbogacenie jasnych margli w %0 i*c sugeruje ze
obecne zréznicowanic wapnistosci ulworow SMGMS jest w
cz¢éci clektem diagenezy. Diageneza prowadzaca do takich
przemian osadu powodowana jest tlenowym rozkladem materii or-
[rzaniczncj. Wyrazne wzbogacenie mulowcow i margli ciemnych w
“C wska-zuje, zc podlegaly one diagenczic po ctapic melano-
genezy. a za-tem ulegly silniejszemu przeksztaleeniu diagenety-
cznemu niz margle jasne i tupki zielone.





