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Abstract: Sediment features, including foraminifera and nannoplankton content. 8I80, 8LlC and ôj4S signals, 
TOC and kerogen type, together with sequence patterns, were analysed to interpret the origin of the Sub-Menilite 
globigerina marl sequence (SMGMS) in the Polish Carpathians. Hemipelagites and fine-grained turbidites are 
shown to represent the dominant deposits of the SMGMS. The entire unit is interpreted to have originated 
primarily from increased calcareous nannoplankton and foraminifera production and consequently lowered calcite 
compensation depth (CCD) due to climate evolution within one long eccentrcity 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 CaCO.i 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 factor, 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 typified by high terrigenous 
input.

Enhanced resedimentalion 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 badań cech osadów, w tym analizy zróżnicowania zespołów otwornic i 
nanoplanktonu, sygnałów SlsO, 5|:,C i 8'14S, całkowitej zawartości węgla organicznego i typów kerogenu oraz 
analizy wzorów sekwencji podmcnilitowych margli globigerynowych (SMGMS) w Karpatach Polskich. Wyka
zano. że SMGMS zbudowana jest w przewadze z hemipelagitów i turbidytów drobnoziarnistych. Cala sekwencja 
jest interpretowana jako efekt wzmożonej produkcji nanoplanktonu wapiennego i otwornic i w konsekwencji 
obniżonej głębokości kompensacji kalcytu. Procesy te były spowodowane zasadniczo zmianami klimatu w 
ramach jednego długiego cyklu ekscentryczności orbity Ziemi (414 tys. lat). Łączne wpływy różnych czynników 
zewnętrznych i wcwnątrzbasenowych są wskazywane jako odpowiedzialne za cechy osadów i wzory SMGMS. 
Okresowe zmiany produkcji CaC03, kontrolowane przez sterowane orbitalnie zmiany klimatu w ramach krót
kiego cyklu ekscentryczności (100 tys. lat) oraz cyklu skośności (41 tys. lat) są wskazywane jako główne czynniki 
odpowiedzialne za wyraźną pionową fluktuację zawartości CaCOj w osadach drobnoziarnistych. Lateralne 
różnice we wzorach fluktuacji są interpretowane jako efekt silnego zróżnicowania batymelrii basenów sedymen
tacji fliszu względem CCD oraz regionalnie zróżnicowanej dostawy materiału terygenicznego. Dostawa materiału 
terygenicznego była kontrolowana przez orbitalnie sterowane zmiany klimatu oraz zróżnicowaną aktywność 
tektoniczną obszaru.

Wzmożona resedymentacja materiału organicznego i silikoklastycznego oraz zmiany oceanograficzne, które 
spowodowały zmniejszenie produkcji węglanów, są wskazywane jako odpowiedzialne za ustąpienie facji podme- 
nilitowych margli globigerynowych i rozwój sedymentacji warstw menilitowych.

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

Manuscript received 20 June 1997, accepted 17 December 1997



368 S. LESZCZYŃSKI

INTRODUCTION

The Sub-Menilite globigerina marl sequence (SMGMS) 
represents one of the chief stratigraphie markers in the Car
pathian tlysch. The peculiarity o f this sequence lies in the 
concentrated occurrence of cream-yellow and greenish to 
reddish marls rich in planktonie foraminifera. Moreover, the 
SMGMS is enclosed in a part o f 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-OIigocene 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-OIigocene transition along the entire northern margin 
of the Alpine orogenic belt between the Western Alps and 
Caucasus (see Rögl & 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 a i ,  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 et a i ,  
1963; Gucwa & Ślączka, 1972; Rajchel, 1990). Neverthe
less, its origin has not been investigated more critically until 
very recently (see Krhovskÿ e t al., 1993; Leszczyński, 
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 & Ślączka, 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 Książkiewicz, 1960; Guc
wa & Wieser, 1980; Olszewska, 1983, 1984; Danysh et al., 
1987). Van Couvering e t 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 o f global sea 
level and associated CCD drop (see Van Couvering et a l ,  
1981; Olszewska, 1983, 1984; Rajchel, 1990).

The first detailed analysis o f the entire SMGMS, re
ferred to as the Sheshory marl unit, was accomplished by 
Krhovskÿ e t al. (1993) in several closely spaced sections in 
the area of Uherćice (Czech Carpathians). Krhovskÿ et al. 
(1993) focused on vertical lithologie variability of the se

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 (Leszczyński, 1993a). Further inves
tigations suggested that the sedimentation o f the SMGMS 
was possibly controlled by a long-term change in the sedi
mentary environment and mass resedimentation processes 
(Leszczyński, 1993b). The detailed analysis of the SMGMS 
at Znamirowice (Leszczyński, 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 o f 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 Iithological 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 o f 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 HC1, 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 o f the 
Pickering e t al. (1986) classification scheme (Tab. 1).

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

Laboratory work followed the procedure employed ear
lier in the analysis o f the Znamirowice section (see Lesz
czyński, 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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Fig. 1. Tectonic sketch map of the Polish Carpathians showing the locations of examined sections. 1 -  sections examined in detail 
within this project; 2 -  sections illustrated according to the descriptions by Koszarski & Wieser, 1960. Krościenko-G. = Krościenko-Gra- 
nica; Krościenko-S. = Krościenko-Strwiąż (section in river Strwiąż between Brzegi Dolne and Krościenko)

-  signals of oxygen, carbon and sulphur stable isotopes.
Microfeatures, i.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 Bobrka (11), Żu- 
bracze (4), Wisłok Wielki (7), and Gródek-Koszarka (23) 
SMGMS sections. At Bobrka and Gródek-Koszarka, sam
pling was performed on the entire SMGMS sections, includ
ing the immediately subjacent and overlying rocks. The pro
portion o f planktonie, benthonic calcareous and agglutinat
ing species was estimated in each sample. In the samples 
from the Wisłok 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 concerning 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 Krościenko 
(30), Żubracze (14), Wisłok Wielki (7), Gródek-Koszarka 
(8), using Coulomat 702 at the Institute of Geological Sci
ences o f the Jagiellonian University. The total inorganic 
carbon content as determined by Coulomat, was recalcu
lated into CaCO.i. 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 Krościenko-Granica (22), Obarzym (3), Darów
(5), Bobrka (3), and Żubracze (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 Kraków. 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 e t al. (1990). In fifty- 
nine samples, TOC content was determined additionally by 
Coulomat. Samples from the sections at Krościenko-Grani
ca (30), Żubracze (14), Wisłok Wielki (7), Gródek-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) o f ten samples from 
the SMGMS from Leluchów (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 
Krościenko-Granica (17) Żubracze (14), and Wisłok Wielki
(6). The analysis was executed at the Institute of Geochem
istry, Mineralogy and Ore Formation of the Ukrainian 
Academy of Sciences in Kiev. Isotopes 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 
P R E V IO U S  W O R K

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 o f 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 o f the uppermost part o f 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 o f 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; Książkiewicz, 
1962). The entire sequence embracing the SMGMS-charac- 
teristic marls was frequently mentioned as the Globigerina 
marl horizon. Jucha and Kotlarczyk (1961) questioned the 
stratigraphie 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 Żytko (1961) showed further that the strati
graphie 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 e t al. (1963) noted 
lateral differentiation in the thickness o f the SMGMS.

The sequence embracing the marls became portrayed in 
many papers (e.g., Koszarski & Wieser, 1960; Szymakow- 
ska, 1962; Blaicher & Sikora, 1963; Gucwa & Ślączka, 
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 Leluchów Marl Member within 
the Malcov Formation (Birkenmajer & Oszczypko, 1989). 
In the Skole nappe, the SMGMS was distinguished as the 
Strwiąż 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 
Leluchów 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 a i ,  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 o f the Polish Carpa
thians is not precisely known. The accuracy in the strati
graphie assignement of the SMGMS is constrained by im
perfect biostratigraphic zonation and problems arising with 
correlating different zonations (e.g. Bolli e t a l., 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 et 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).

D E F IN IT IO N  O F  T H E  S M G M S  IN  T H IS  P A P E R

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. Świdziński, 1948).

S M G M S  A N D  T H E  P R IA B O N IA N -L O W E R  
R U P E L IA N  R O C K S  IN  T H E  P O L IS H  

C A R P A T H IA N S

Inner Carpathians
The Priabonian-lower Rupelian rocks occur in the 

lower part of the Podhale Palaeogene (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; Sokołowski, 1985; Ciesz
kowski, 1996 -  personal inform.; Kępińska, 1997).
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Table 3

SMGMS Stratigraphie interpretations in terms of different time scales

Databy
Van Couvering etal., 1981 

Data by
Olszewska, 1985 

Data by
Oszczypko, 1996

i Age range of tuff 25 at Znamirowlce, 
f  ca. 7m above SMGM (Van Couvering etal., 1981)

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 o f the nappe, corresponding to the Krynica, Sącz 
and Gorlice subunits (see Oszczypko, 1992a, b, c; Fig. 2). In 
the northern zone, i.e. in the Siary subunit (Węcławik,
1969), fine-grained deposits predominate in the Priabonian 
(Bieda e t 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; Książkiewicz, 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 Leluchów Marl Member (Birkenmajer & 
Oszczypko, 1989) known from Leluchów (Swidziński, 
1961 ; Blaicher & Sikora, 1967) in the Krynica unit and from 
the Nowy Sącz 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 Leluchów Marl Member at Leluchów (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, 
C hondrites 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 Sącz area, a several metres thick package 
o f cream-yellow, light-grey to dark-grey and olive-green 
marls with bluish calcareous shale and glauconitic sand
stone intercalations was included to the Leluchów Marl 
Member (see Oszczypko, 1973; Oszczypko e t a i ,  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 e t 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 o f the Supra- 
Magura beds, both representing the Rupelian (see Oszczyp
ko, 1992a, b, c). Green and dark-grey calcareous to noncal
careous shales mainly represent the fine-grained deposits in 
these units (see Książkiewicz, 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, Grybów unit, Obidowa-Slopnice unit, 
Jasło 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 Jasło 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; Ślączka, 
1970; Cieszkowski, 1992a). In the northern Fore-Magura 
thrust-fold, locally in the southern fold, and in the Jasło 
nappe, variegated shales or marls (red and green) are re

corded in the Upper Eocene (see Koszarski, 1985; Paul et 
a i ,  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 & 
Żytko, 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 Darów and Komańcza 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 Ślączka, 1959; Koszarski e t a l ,  
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 
Darów 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 C hondrites in tricatus, Ch. targion ii and P lanolites  
div. isp. burrows occur in some layers. Moreover, burrows 
in a form of knobs and slightly curved hyporeliefs, up to 2 
cm long and 1-2 mm in cross-section, occur on the soles of 
thin sandstone and siltstone beds.

The coarse-grained deposits o f 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 o f biogenic ele
ments similar to those in the Hieroglyphic beds.

In some sections, e.g. in the Obidowa-Słopnice unit, 
marls characteristic of the SMGMS are lacking (see Cieszk
owski, 1985a, 1992a; Burtan e t 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 CaC03  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 o f shallow-marine origin (Łużna of Uhlig, 
1886; Koniaków limestone o f Szajnocha, 1925; Burtan &



Piwniczna Sdsl. Maszkowice Mb.
aszkowice Mb Sub-Magura Beds 

Zeleźnikowa Fm.
Fm = Form ation; Mb. = Member; Cgl. = conglom erate; Sdsl. = Sandstone; Sh = Shale; Chw. Sdst. = Chwaniów Calcareous Sandstone Member; W. S. = Wojakowa Sandstone; ? = unknown feature

JT a
Chaotic deposit, 
paraconglomerales

Thick-bedded sandslone & conglomerate 
with subordinate shale intercalations

Thin- to thick-bedded sandslone 
with shale intercalations

Thin- to medium-bedded sandslone 
with shale intercalations

Alternation ol thin-bedded 
sandstone & shale

Alternation of thin- lo thick-bedded 
sandstone, shale and marl

Dark-coloured shale with sandstone,
& marl; sometimes chert intercalations

Variegated shale (red & green)

Variegated marl & shale 
(red & green)

Light-coloured marl, subordinate^ 
green & dark-grey shale

I / -  ■ / - y Light-coloured marl with sandslone, 
dark-grey & green shale intercalations

Thick-bedded dark-coloured marl 
with sandstone & shale intercalations

Dark-grey & brown, plaly, 
hard marl with shale & chert 
intercalations
Dark-green shale, subordinate^ 
grey & dark-grey shale

Dark-grey, grey & brown marl, dark-grey 
& dark-green shale, sometimes 
intercalations of sandslone & lulfiles

Black, brown & dark-grey shale, 
with rare sandslone intercalations

Cherls alternated by black & brown 
shales, rarely sandstone intercal.

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

Black & brown shales wilh chert 
intercalations, rarely sandstones

Dialomites. dark-grey, black and 
green shales, cherts, & sandstones

Fig. 2. Generalized stratigraphy of Priabonian-Rupelian deposits in the Polish Outer Carpathians. Unit names given in simplified form



I1
1

S9
1

Q1
1

1
I1

1
8

Explanation of symbols in stratigraphie logs LELUCHÓW

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 marl & 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, marl & 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 & Ihin siltstone beds

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

Cream-yellow marl

CCyg-^ Yellowish-green marl

Greenish-grey marl 

Greyish-green marl 

Pinkish-red marl 

Brownish-red marl

Light-brown marl

Light-coloured marl in general 
& intercal. of dark and green shale 
Light-coloured marl in general 
& thin intercal. 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
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B

Convoluted sandstone

Sandstone with chaotic structures, 
shale, marl & biogenic clasts

Chaotic deposit: mudstone & 
sandstone clasts in sandy mudst.

Green non-calcareous 
shale

Hard marl (beige-coloured, 
concretionary layers)

Limonite impregnate

Fig. 3. Lithofacies logs of tne Leluchów Marl Member (SMGMS-lithostratigraphic equivalent) in road-cutting above the church at 
Leluchów (cf. Oszczypko, 1996). A -  Generalized log of the Leluchów Marl Member (LMM) and adjoining parts of surrounding units. 
B-D -  Details of the section

Breccia

Limits of Sub-Menilite 
globigerina marl sequence

Tectonic discontinuity 

Pyroclastic rocks (tuffs)

Intervals shown in details 
in other figures
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Fig. 4. Litholacics logs of the Eocene-Oligocene transition in selected sections of the Sub-Magura tcctono-facies units (SMU). The 
section al Ropa shows the Grybów unit in the Ropa window. The other sections are from the Dukla nappe. For explanation of symbols see 
Fig. 3

Sokołowski, 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.,

1992; Cieszkowski, 1992a; Tab. 4).
In the southern marginal part of the Dukla nappe at the 

Polish-Slovakian boundary (S o f Jaśliska), grey, brown and 
green shales and thin- to medium-bedded quartzose sand-
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see Fig. 3

stones represent equivalents of the SMGMS. According to 
Ślączka (1970), these deposits may represent a passage to 
the Papin beds, characteristic of this part o f 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

quence shows a significant lateral differentiation. Several li- 
thostratigraphic units have been recognised here (Tab. 4; see 
Świdziński, 1950; Kozikowski, 1953; Burtan & Sokołow
ski, 1956; Koszarski e t 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. 8. Detailed lithofacies logs of the middle part of the 
SMGMS (A) and the lower pari of the Sub-Chert beds. 7 m above 
the SMGMS (B) exposed in the river Wislok near Darów'. 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 see Fig. 3

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

above the SMGMS (see Cieszkowski, 1992a; Ślączka,
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 (Warcholowska-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 (Ślączka, 1970). Its contacts with the SMGMS or 
with older deposits are either erosional (Ślączka, 1970) or 
tectonic in origin. Several sandstone types were distin
guished in both units, depending upon differences in texture, 
sedimentary structures, bed thickness, and pétrographie 
composition (see Cieszkowski, 1992a; Ślączka, 1970). Bio



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

In some sections, e.g., in the Żubracze 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. 7A, 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. 
Książkiewicz, 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 
a l., 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 Książ
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 Ślączka, 1968; 1973c). The sandstone 
unit is called the Globigerina sandstone (Czernikowski, 
1950; cf. Tokarski, 1968; Wdowiarz et al., 1991), or the 
Mszanka sandstone (see Ślączka, 1956, 1968; Bieda e t al., 
1963; Blaicher, 1970). Thick-and very thick-bedded coarse
grained, quartzose sandstones are particularly common here 
(cf. Ślączka, 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 Ślączka, 
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 o f 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. C hondrites targionii, Ch. intricatus and 
P lanolites 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 o f 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 I 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 & Żytko, 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 et 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 Książkiewicz, 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; Książkiewicz, 1962).
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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 & Żgiet, 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 in-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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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 Gródek-Koszarka. The 
section is located in a small valey 2 kin to E from the Rożnów lake, 
in the southern limb of the Rożnów anticline. For explanation of 
symbols see Fig. 3

Fig. 13. Lithofacies logs of the SMGMS and the immediately 
underlying deposits at Siekierczyna. The section is located in a 
valley slope, ca. 1 km to N of the church in the village Bruśnik, 
southern limb of the Rożnów 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 & Żytko, 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 Wisłok river. They were broadly 
evaluated lithostratigraphically by Rajchel (1990) and Kot- 
larczyk and Leśniak (1990). Another classification was pro

posed by Malata (1996).
The lower part of the Priabonian sequence comprises 

predominantly thin-bedded normal to shaly flysch (Bachórz 
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 o f the Bachórz Shale and Sandstone Member in the 
south-eastern part of the nappe (Chwaniów 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 Bachórz 
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 (Skopów 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. 
Ślączka, 1973a). The exact location oflogs within the sequence is 
indicated in Fig. 11. For explanation of symbols see Fig. 3

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 Skopów 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 o f grey 
mudstones and rare siderite layers, was distinguished by Ra
jchel (1990) as the Bartkówka 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 o f the Skopów Green Shale Member (e.g. at 
Leszczawa Górna and Sośnice).

The above mentioned deposits are overlain by the 
SMGMS (Strwiąż 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 
C hondrites in tricatus and P lan o lites  div. isp. occur particu
larly within the Ted 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 
Łodyna (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 & 
Leśniak, 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. Lithol'acies logs of the SMGMS in selected sections of Skole nappe (cf. Fig. 15). For explanation of symbols see Fig. 3

rich in bioclasts, yellowish sandstones, brown marls and 
mudstones, and beige marls (Siedliska Member of Kotlar- 
czyk & Leśniak, 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 (Borysław sandstone 
acc. Tołwiński, 1917; Borysław Member acc. Kotlarczyk &

Leśniak, 1990) occurs either above the Siedliska Member or 
the zebra-type deposits. The upper part o f this unit inter- 
fmgers with cherts (Kotów Chert Member of Kotlarczyk, 
1988a; Kotlarczyk and Leśniak, 1990).
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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 o f the 
SMGMS are present (Tab. 5; see MaheP e t 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 Uhercice, in the Żdanice unit 
(see Krhovskÿ et a i ,  1993). These deposits were described 
recently within the Sheshory Marl unit together with those 
included in Poland to the Sub-Chert beds (see Krhovskÿ et 
a i ,  1993). The lower part of this unit was interpreted as be
longing to the calcareous nannoplankton Zone NP 20 
(Krhovskÿ et a i ,  1993). According to Roth & Hanzlikova 
(1982), the SMGMS equivalent package in the Czech Car
pathians, together with the lower part o f 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 o f 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 o f the sequence (Vialov e t al., 1965). Its de
scriptions show, however, that quite different deposits are 
there included (see Vialov, Gavura & Ponomaryeva, 1987; 
Vialov, Gavura & Danysh e t al., 1987; Dabagyan e t al., 
1987; Andreyeva-Grigorovich e t 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 e t a l., 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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package of globigerina marl that interfingers with thin to 
medium bedded micaceous sandstones (Lucacesti sand
stone, see Micu e t al., 1981). The foraminifera Zones PI 5- 
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 e t 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 o f 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 Bâldi, 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 Krhovskÿ 
e ta l . ,  1993).

In the Alpine foreland of Germany, the Globigerina 
marl occurs in the upper part of Priabonian (Gramann e t a l ,
1986). The marl is enclosed by the neritic deposits o f the

Thickness o f noncalcareous green shale

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 pattem 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 o f 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

Number o f noncalcareous green shale beds

Fig. 18. Relationship between ihe 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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A B C D E
Soft light marl (cream-yellow, 
beige, yellowish-green, 
greenish-grey, reddish)

l;'/x'/>l Hard light mari (beige) 

m H H  Green calcareous shale

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 CaC03 content in fine-grained layers is shown by log width.

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

Green non-calcareous 
shale Sillstone

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 C hondrites in tricatus burrows 
disappear last from the sequence. In its last occurrences, Ch. 
in tricatus penetrates only several millimetres beneath a bed 
top (cf. Leszczyński, 1996).

LIG H T M ARL

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
bów 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 Leluchów section. All these 
marl 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 o f 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. 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 
Krościenko-Granica (section as in Fig. 17)

Fig. 22. 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 Leszczyński, 1996). (B) Weak mottling and Teichichmts-type burrow 
in hard marl, SMGMS at Korzenna (section in southern limb of the Jankowa anticline, ca. 1 km to NW of the church)

stained surfaces (Fig. 22). Distinctive burrows, particularly 
C hondrites in tricatus and P lan o lites  ?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 H elm inthopsis isp. Moreover, A lcyon id iopsis  
pharm aceus, and granulated structures resembling Echi- 
n osp ira  and Zoophycos, Zoophycos isp. and Teichichnus 
isp. also are recorded in some places (e.g. Leszczyński, 
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 o f 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 of the 
calcareous material o f the light soft marl (Fig. 29; see also 
Krhovskÿ e t 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) IPIanolites isp.. Chondrites intricatus, Thalassinoides isp., and 
IHelminthopsis isp. Lack of deformation in the most distinctive burrows indicates early lithification. (B) IPIanolites 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 Leszczyński, 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 e t al. (1986) 
facies G 1.2 and G2.1, whereas the hard marl can be corre
lated with their facies G3.

G R E E N  S H A L E

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 o f the lower part of the 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_3 increase 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. C ha o tic  d is tr ibution  o f  coarse  IVaction with in  light, hard 
marl .  S M G M S  at  R u d a w k a  R y m a n o w s k a  (sec t ion  location  as in 

Fig. 14)

Fig. 26. Bioturbat ional  segrega tion  o f  par t ic les  w ith in  light marl.
(A)  Beige, hard m arl  w ith  dark  sp o t  in the  cen tre  r ep resen t ing  a 
bu r ro w  fill c o m p o s ed  o f  d is t inc t ively  Finer m ater ia l  than  the sur
roundings.  S M G M S  at K o m a ń c z a  (sec t ion  location  as in Fig. 6).
(B) C oncen tra t ion  o f  coarse par t ic les  and  organ ic  m a t te r  with in  
?com p ac ted  Chondrites intricatus  b u r ro w s  in beige marl.  S M G M S  
at  K rośc ienko-S trw ią ż  ( sec t ion  in the  r iver  S trwiąż,  ca. 2  km to 
S W  o f  K rościenko , sou the rn  l imb o f  the K icze ra  anticl ine) .  (C)  
Beige, hard marl show in g  the co n cen tr ic  segrega tion  o f  particles 
w ith in  burrow. S M G M S  at K o rz e n n a  (sec t ion  location  as in Fig. 
22B).  (D) G reen ish -g ray ,  hard m arl  sh o w in g  the ir regular  d is tr ibu
tion o f  particles ?due  to b io tu rba tion ;  e longa te  par t ic les  show 
parallel a l ignm ent.  S M G M S  at  K o m a ń c z a  (sec tion  locat ion  as in 
Fig. 6)
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Fig. 27. Beige ,  hard marl sh o w in g  the coarses t  frac tion  c o m 
posed  p redom inan t ly  o f  p lank ton ie  fo ram in i fe ra  tests,  c o n c e n 
trated in lam inae .  S M G M S  at K o rz e n n a  (sec tion  location  as in Fig. 
22B )

Fig. 29. S E M  im age  sh o w in g  the  ca lca reous  nannofoss i ls  as  be
ing the m a in  cons t i tuen ts  o f  light marl. S am p le  from S M G M S  
section  at G ró d e k -K o sz a rk a  (sec t ion  location as in Fig. 12)

Fig. 28. B e d d in g  parallel a l ig n em en t  o f  e longa ted  part ic les  in 
g reen ish -g ray  hard  marl;  S M G M S  at  K o m a ń c z a  (sec t ion  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.

C hondrites in trica tus, P lano lites  isp., rarely Thalassi
no ides  isp., H elm in thopsis  isp., and A lcyon id iopsis p h a r-  
m aceus  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 Leszczyński, 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

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 l.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. I9A, 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 Leszczyński, 1996).

Silty to fine sandy, horizontal to small-scale cross-lami- 
nated deposits occur commonly in the bottom part o f 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! C onc en t ra t ion  o f  te rr igenous  sill in the  w avy  lam inated  F ig .  32. Chondrites targionii and '?Echinospira  isp. in the top
low er  pari o f  dark-gray  marl lay er in the zeb ra - type  depos i ts  at the part o f  b row nish -b lack  ca lca reous  m u d s to n e  layer. S M G M S  al
t ransit ion  f rom  the S M G M S  to the S u b -C h er t  beds  at  Ż ubracz e  Z n am iro w ice  (section as in L eszczyńsk i .  1996)
(sec tion  location  as in Fig. 7)

F ig .  31 .  D ist inc tive  parallel a l ig n m en t  o f  the  e longated  part ic les  
w ith in  unb io tu rb a te d  dark-gray  marl .  S M G M S  at K o m a ń c z a  (sec
tion location  as in Fig. 6)

set o f parallel laminae. The overlying deposit displays a dis
tinctive bedding-parallel alignment of elongated particles 
(Fig. 31). Mottling appears in the top part o f 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 o f the above type. The dark mudstone and shale that 
grade downwards into siltstone or sandstone represent the 
Tde divisions of the Bouma sequence.

C hondrites in tricatus  and P lano lites  isp. represent the most 
common burrows in this facies within the Green shale and 
the SMGMS. Thalassinoides  isp. occurs concentrated in the 
top parts o f some layers (see Leszczyński, 1996). Less fre
quent are Ch. targionii, A lcyon id iopsis pharm aceus, ?Echi- 
nosp ira  isp., (Fig. 32), H elm in thopsis  isp. and H onnosi-  
ro idea  ca lic ifo rm is.

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, C hondrites tar
g io n ii and P lanolites  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 of the 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



396 S. LESZCZYŃSKI

resent the Pickering e t 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 
C 1.2, whereas the latter appear to correspond to facies B 1.2.

Thick sandstone beds display features of the Tabcd divi
sions of the Bouma sequence. A pebbly sandstone was re
corded in the sections at Rudawka Rymanowska and Darów 
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 Tabcd 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 näppe (see Rajchel, 1990).

Mud-rich sandstone beds were recorded primarily at 
Darów. These are massive rocks displaying marl and shale 
chips and clasts chaotically dispersed within entire beds. 
According to the Pickering et al. (1986) classification 
scheme these rocks represent facies C 1.1.

C H A O T IC  D E P O S IT S

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 o f the SMGMS at 
Komańcza. They correspond to the Pickering et al. (1986) 
facies F2.1. The brecciated deposits making up some parts 
o f the mud rich sandstone beds were encountered at Darów. 
These deposits reveal concentrations of clasts o f 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 e t al. (1986) facies D1.2 
or E 1.1.

COMPOSITION OF THE FINE-GRAINED 
DEPOSITS

M A IN  F E A T U R E S

Hydromicas, detrital quartz and CaC03  represent the 
chief mineralogical constituents of the examined fine
grained deposits of the SMGMS. Smectite appears to occur 
frequently in the green shale (see Gucwa & Ślączka, 1972; 
Gucwa, 1973; J. Köster, personal inform.), whereas in
creased organic carbon content is characteristic o f 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. Köster, 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 CaC03  in the hard marl when 
compared to its soft variety. The carbonates, expressed as 
the CaC0 3 , range from null to 78.5% within the fine
grained deposits. The carbonate material consists mainly of 
calcareous nannofossils and tests of planktonie 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.

F O R A M IN IF E R A  A N D  T H E IR  D IS T R IB U T IO N

Foraminifera represent the best-recognised constituent 
of the SMGMS deposits. Large species of planktonie 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. G lobiger
ina corpulenta, G. eocaen a, G. tripartita , G. yeguaensis, 
and G. hagni are the most characteristic large planktonie 
species within the SMGMS (see Blaicher, 1970; Dabagian,
1987). The full list of the planktonie species recognised in 
the SMGMS deposits encompasses forty-three species (Ol
szewska, 1983). Among these, G. linaperta  Finlay, G. am- 
p liapertura , G. apertura, G. p e ra , G. tapuriensis and G lobo- 
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 o f 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-
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dae and Anomaliniidae families (Blaicher, 1970). Hundred 
fifty species o f 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 o f the foraminifera distribution in 
the SMGMS indicates a high variability o f their assem
blages depending upon facies (see Szymakowska, 1962; 
Leszczyński, 1996). However, this variability is yet poorly 
recognised. The richest assemblages are recorded in the 
light marl facies. As expected, the amount of planktonie 
foraminifera increases distinctively with the CaC03  content 
of the deposit. In beds containing more than 50% CaC0 3 , as 
much as about 30% of the carbonate material consists of 
tests o f planktonie 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; Leszczyński, 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
tonie foraminifera are particularly abundant in the cream- 
yellow marl. The ratio of benthonic to planktonie 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 o f the SMGMS. In its lower part, calcareous 
shale and marl layers show rare calcareous foraminifera 
(Fig. 35; cf. Blaicher, 1961; Oszczypko e t 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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CALCAREOUS NANNOFOSSILS AND THEIR 
DISTRIBUTION

Calcareous nannofossils are the chief constituents in the 
carbonate material o f 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; Leszczyński, 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. Krhovskÿ e t a l., 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 Krhovskÿ e t al., 1993; cf. 
Leszczyński, 1996).

Several tens of species were recognised in the SMGMS 
equivalent deposits (Krhovskÿ e t al., 1993; Oszczypko, 
1996). Representatives o f the Prinsiaceae, Coccolithaceae, 
Discoasteraceae and Zygodiscaceae families are there most
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profusely represented. However, the assemblages vary in 
composition, both vertically and laterally (cf. Radomski, 
1968; Van Couvering e t al., 1981; Krhovskÿ e t al., 1993; 
Oszczypko, 1996).

Krhovskÿ e t 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 D ictyococcites 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 Isthm olithus 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 .  L ight-grey  marl w ith  s ilt  la m in a e  in the zeb ra - ty p e  fa
c ies  o f  the  S ub-C her t  beds, at  Ż u b ra c z e  ( sec t ion  location  as in Fig. 
7). B lack  m aterial  represen ts  pyr i te .  N o te  the  f req u e n t  occu rrence  
o f  t iny  fo ram in ife ra  w ith  py r i te  fills
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Fig. 37. C a lc a reo u s  nann o fo ss i l s  in da rk -c o lo u red  and hard l ight-coloured marl . S M G M S  at Z n a m iro w ic e  (sec t ion  location as in 
L eszczyńsk i ,  1996). (A) Poorly  p re se rv ed  and recrysta l ized  nannofoss i ls  in hard marl.  (B) Poorly  p reserved  n annofoss i ls  in sm e a r  slide 
f rom  da rk -c o lo u red  marl

resent the fifth assemblage. D iscoaster  tani, D. N odifev and 
R eticulofenestra xm bilica  are typical for this assemblage.

Krhovskÿ e t 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).

Gucwa & Ślączka (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 o f 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).

C A R B O N  A N D  C A R B O N A T E  C O N T E N T

There are distinctive differences in the content o f 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 o f the light-coloured marl 
adjacent to the dark-grey to black marls and shales (Fig. 33, 
cf. Leszczyński, 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 Żubracze.

The carbonates, expressed as the CaC03, attain their 
highest concentrations, ranging 50-80%, in a hard concre
tionary cream yellow and beige marl. Concentrations 4 0 - 
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

Sub-Chert Beds Sub-M enilite G lobigerina Marl
®  @ Krościenko-Granica ♦ O 0 Krościenko-Granica

O Znamirowice *8» Wislok Wielki

Fig. 38. ' I 'OC vs. ca rb o n a te  c o n te n t  in the  S M G M S  and the 
im m ed ia te ly  ove r ly in g  dep o s i ts
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T Y P E  O F  O R G A N IC  M A T T E R

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 111 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 e t 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 o f 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 Żubracze.

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.

M A J O R  E L E M E N T S  A N D  T H E IR  
C O N C E N T R A T IO N S

Si02, CaO and AI2O3 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 Si02 and AI2O3 (cf. Gucwa & 
Pelczar, 1992). The Si02 content does not fall below 20%, 
AI2O3 content ranges 3—25%, whereas the CaO concentra
tion varies between 0 and 34% (Tab. 7; cf. Gucwa & Pel
czar, 1992).

.Fe20 3 , K2O and MgO concentrations range usually 
from 1 to 5%. The Fe2Û3 concentration amounts sometimes 
about 10%. Among the examined samples, the Fe2Ü3 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 Fe2Û3 concentrations in
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the green shale at Siekierczyna are higher than those in the 
red and pinkish-red marl at Leluchów. The Ti02 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 5 I80  and 8 I3C, and 834S values in the examined
material range as follows (Fig. 43): -5.62 -  +5.2 for 8 180 ,
-6.50 -  +3.2 for 8 13C, -7.60 -  +7.0 for 834S. The ranges of 

18 13the 8 O and 5 ' C signals are very wide and are generally

significantly lower than those recorded globally in 
Upper Eocene and Lower Oligocene sediments 
(see Miller,' 1992; Oberhänsli, 1996). The values of 
both isotope indices show a generally ca 2 to 5%o 
negative shift relative to those reported by 
Krhovskÿ et 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 S180  and 
8 13C 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 particularly 
well marked in the 8 I3C values. The 8 80  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 
Leszczyński, 1996). There are no marked differ
ences in the range of both isotope indices between 
the lowest^and the uppermost part of the section.

The 8 O and 8 ' C values show some correla
tion with each other, and with the CaCO.s 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 Kroś
cienko-Granica and Żubracze sections. In the Zna
mirowice section, only the light-coloured marl and 
green shale show a distinct positive correlation be
tween 5 180  and 8*'C (correlation coefficient, r= 
0.765; cf. Leszczyński, 1996). There is no signifi
cant correlation between the 8 1S0  and CaCOs and 
TOC contents, except for the Sub-Chert beds sec
tion at Żubracze. On the contrary, the 8*'’C values 
show a quite good inverse correlation with the 
CaC03  content, and are positively correlated with 
the TOC contents. The increased carbonate content 
correlates well with the negative shifts o f the 8*‘ C 
values.

18A strong positive correlation between 8 O 
and 8 1:>C in the SMGMS-equivalent section was 
recorded by Krhovskÿ et 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 complicating the interpretation.
The 8 80  and 8 13C data recorded in this study appar

ently reflect mainly the isotopic signal o f the carbonate fine- 
fraction, mostly of calcareous nannofossils which dominate 
the calcareous material. Moreover, calcareous foraminifera, 
mainly planktonie, and carbonate cement may have influ
enced the bulk rock signals. The foraminiferal signal has 
probably not significantly altered that inherent to calcareous 
nannofossils ( ? ± l% o ) .  Much more important are the influ
ences of cement. Early diagenetic cement is known to shift 
the bulk rock 8 I80  and 8 I3C signals towards lighter values. 
In contrast, late cements e.g. those formed after methano- 
genesis can make the 8 C o f the bulk rock significantly
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T able 6

Rock-Eval pyrolysis results

L.p. Section, unit, 
sam p le  nu m be r and 

rock type
TO C  
w t %

Tmax

°C Si

P yro lys is  param eters  

S 2 S 3 PI HI Ol

1.
Bobrka, Sub-Chert Beds 
BÓ1: brown marl 1.53 422 0.13 4.32 0.88 0.03 282 57

2 . BÓ4: brown marl 5.49 420 0.58 20.29 1.27 0.03 369 23

3.
B obrka. SMGM 
BÓ10: black shale 1.59 435 0.06 1.19 1.93 0.05 74 121

4.
Darów . Sub-Chert Beds 
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. Da11: brown marl 0.82 427 0.04 1.41 0.44 0.03 171 53

7.
Darów. Hieroqlvoh. Beds 
Da8: dark-green shale 0.58 427 0.04 0.38 0.60 0.10 65 103

8. Da7: black shale 4.15 425 0.09 3.59 1.52 0.02 86 36

9.

K rośc ienko-G ran ice , 
Sub-Chert Beds 

Kr39: brown mudstone 2.19 434 0.02 2.23 2.29 0.01 101 104

10.

K rośc ienko-G ran ice ,
SMGM

Kr27: brown mudstone 1.82 425 0.05 2.11 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 2.12 0.01 112 70

13.

K rośc ienko-G ran ice , 
Bartkówka Sdst. Member 
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

16.

O barzvm ,
Sub-Chert Beds 

Ob2: dark-grey shale 1.40 426 0.03 1.30 1.75 0.02 92 125

17.
O barzvm , SMGM 
Ob4: green.-yellow marl 0.76 419 0.04 0.74 1.24 0.05 97 163

18. Ob6: dark-brown shale 2.40 425 0.08 2.25 2.39 0.03 93 99

19.

Znam irow ice ,
Sub-Chert Beds 

Zn1: beige marl 1.29 435 0.05 1.52 1.75 0.03 117 135

20.
Z nam irow ice , SMGM 
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 3.11 433 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 2.19 436 0.05 1.72 1.98 0.03 78 90

28.

Żubracze, 
Sub-Chert Beds 
Żu2 : dark-grey shale 0.54 456 0.05 0.45 0.28 0.10 83 51

29. Żu3: light-grey shale 0.44 457 0.06 0.38 0.16 0.14 86 36
30. Żu5: light-grey shale 0.30 457 0.02 0.19 0.24 0.10 63 80
31. Żu6: dark-grey shale 0.65 455 0.09 0.47 0.56 0.16 72 86
32. Żu8: dark-grey shale 0.59 454 0.06 0.41 0.26 0.13 69 44
33. Żu9: light-grey shale 0.25 468 0.02 0.14 0.25 0.12 56 100
34. Żu10: grey shale 0.29 452 0.04 0.25 0.28 0.14 86 96
35. Żu11 : dark-grey shale 0.24 ? 0.04 0.18 0.15 0.18 75 62
36. Żu13: dark-grey shale 0.69 456 0.11 0.43 0.15 0.20 62 21
37. Żu14: dark-grey shale 0.53 454 0.09 0.25 0.12 0.26 47 22
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® Bobrka 
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H ieroglyphic Beds s.l.
*  H Darów
9) B2 Krościenko-Granica
- full symbols denote dark-grey 

and black mudslone & marl;
- open symbols denole green 

shale & grey marl
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Fig. 42. Type of kei ogen determined by Rock-Eval pyrolysis in the fine-grained locks of the SMGMS and the immediately underlying 
and overlying deposits. (A) Type of keiogen indicated by the relation between hydrogen index (HI) and the temperature of maximum 
hydrocarbon evolution (Tma\). (B) Type of kerogen indicated by the relation between hydrogen index (HI) and oxygen index (01). (C) 
Type of keiogen 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 et al., 1989; Tucker & Wright, 1990).
The wide range of the 5 I80  and ö'^C signals recorded 

in the examined sections and the stable composition o f the 
primary carbonate material both suggest a substantial modi
fication of the isotopic record by diagenesis (cf. Leszczyń
ski, 1996). This is indicated primarily by the shift o f 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 5*'’C values characteristic of the light marl. Such

values may result from an increased proportion o f CaCOs 
formed by CO2 released due to the degradation of organic 
matter in oxic and sulphate-reducing conditions (see Irwin 
e t al., 1977; Berner, 1981; Broecker & Peng, 1982; May
nard, 1982; Shackleton et al., 1983; Tucker & Wright,
1990).

The 5 I3C values in the TOC-enriched dark-coloured de
posits, being significantly heavier than in adjacent beds, 
while their 0 180  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 5 I3C and, consequently,
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T able 7

Concentration of 10 major-element oxides in marl and shale of different colour
Section, 

sample number 
and rock type

S i02
%

a i2o 3
%

Fe20 3
%

MnO
%

MgO
%

CaO
%

Na20
%

K20
%

T i0 2
%

P 2O 5

%
LOI
%

Total
%

Leluchów
Lu7: light-green marl 38.72 13.12 4.14 0.22 1.70 19.43 0.50 2.65 0.58 0.09 19.76 100.9

Lu11: light-grey marl 35.96 13.23 4.29 0.29 1.74 20.44 0.43 3.03 0.52 0.10 20.58 100.6
Lu12: red marl 39.78 11.51 4.98 0.30 1.78 18.79 0.61 2.52 0.51 0.12 18.91 99.8

Lu13: pinkish-red marl 36.64 11.58 4.71 0.22 1.70 21.72 0.58 2.56 0.48 0.11 20.54 100.9
Lu14: red marl 22.92 7.42 4.34 0.39 1.28 33.61 0.30 1.66 0.30 0.08 28.63 100.9

S iek ie rczvna 
Si13: green shale 57.03 18.27 5.08 0.06 1.92 2.31 0.43 3.73 0.81 0.09 9.59 99.3
Si14: pinkish-red marl 37.98 13.06 9.87 0.46 1.41 14.73 0.28 2.51 0.55 0.08 18.72 99.6
Si16: green shale 56.46 19.24 5.41 0.05 2.09 1.37 0.46 3.78 0.84 0.09 9.47 99.3
Si18: pinkish-red marl 33.27 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 14.35 4.13 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 pri
marily the significantly TOC-enriched deposits. The 5 C 
signals in some light marls suggest that such carbonates oc
cur not only in the deposits which presently contain more 
TOC. The enrichment in l3C is particularly characteristic 
for the carbonates of the Menilite beds (see Koltun, 1992).
However, this is not the case of the Żubracze section.

18 13The dependence of the 8 O and 8 " C signal modifica
tions on the primary CaC03 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 13C signals in the dark-coloured rocks. The 
8 180  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. 
Leszczyński, 1996).

The 834S 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 & Ślączka, 1972). Paleontological 
data point to sedimentation o f 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 lighter S34S in the dark-coloured beds. A bac- 
terially preferred 32S 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 situ  and/or supplied from other beds 
was there used. The sulphides generated from the indige
nous H2S should display slightly lighter 834S signals, more 
close to those of the sulphates contained in the bottom 
water, than the other ones (see Maynard, 1980).

T able 8
I o r -2

Correlation of 5 O and 8 ' C signals and CaC0 3 , and TOC contents in the SMGMS sections. 
Section stratigraphy explained in the text

Correlated
parameters Krościenko-Granica

Correlation coefficients in particular sections 
Wisłok Wielki Znamirowice Żubracze

S13C/5180 0.634 -0.125 0.231 0.644
6180/C aC 03 -0.285 -0.114 -0.147 -0.670

&13C/CaC03 -0.371 -0.776 -0.506 -0.637

51bO/TOC 0.272 -0.257 -0.361 0.311

513C/TOC 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, ô l80= 5,3 
(sample ŻulO from Sub-Chert Beds, Żubracze section), Sl80  = -5.62 (sample Kr 29 from SMGMS at Krościenko-Granica), and SI3C 
=-6.5 (sample WWl. lower part of SMGMS at Wisłok Wielki) not included (see Figs. 34, 38, 39 for sample location)

DEPOSITIONAL PROCESSES

The earlier discussed textures and sedimentary struc
tures o f 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 G 1.2). Similarly, the mottled, non-graded 
clayey green shales appear to represent the pelagic deposits 
(facies E l.2 of Pickering et 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 o f Pickering et a l., 
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 III 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 E l.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 e t a l., 1986).

The shales, mudstones and marls, which occur in layers 
showing sharp lower boundaries and normal grading, were 
deposited from turbidity currents (facies E l.l  and E2.1 of 
Pickering et a l. , 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 
o f dark-coloured marl, lacking lamination in their lower 
part, such as those in the Sub-Chert beds of the Grybów unit, 
could have resulted either from high-concentration turbidity 
currents or from ponding of thick dilute turbidity currents 
(cf. Ślączka, 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 e t 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 o f 
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 lithologie 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 o f 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 C l.l  of Picker
ing e t 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

and pelagites, and chemogenic deposits in the Sub-Chert 
beds. The mass-gravity deposits prevail in some parts o f 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 Książkiewicz, 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 o f 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 Książkiewicz (1975). In his opin
ion, the absence of Trocham m inoides precludes sedimenta
tion of the SMGMS deposits at greater depths. Książkiewicz 
(1975) interpreted the Hieroglyphic beds underlying the 
SMGMS as deposited in the upper mesobathyal zone. Tro
cham m inoides, however, was recorded by Olszewska 
(1984) in the lower part of the SMGMS. Moreover, other 
taxa characteristic o f the lower and mesobathyal depths 
(600-2000 m) she recorded there as well.

The bathymetric interpretations by Książkiewicz (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 e t a l., 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 o f the 
marl beds at the cost of that of the green shale interbeds, to
gether with a change in the benthic foraminifera assemblage 
(see Olszewska, 1984), appear to reflect a progressive, 
though fluctuating CCD drop. According to Krhovskÿ e t al. 
(1993), sedimentation at depths close to CCD is evidenced 
by the abundant occurrence of Isthm olithus recurvus. Thus,
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Fig. 44. Paleogeography of the Mediterranean Tethys during the Paleogene (modified from Dercourt et al., 1985 and Ricou et a i ,  1986)

such sedimentation is recorded in the SMGMS at Znami- 
rowice and in the lower part o f this sequence at Krosno (Van 
Couvering e t al., 1981). Consequently, the sections at Ska- 
winki, Smierdziączka (see Radomski, 1968), and Leluchów 
(see Oszczypko, 1996) appear to be deposited at slightly 
shallower depths. The sedimentation at relatively shallow 
depths of the Leluchów 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
its.

The dominance and abundant occurrence of lsthm oli- 
thus recurvus together with C occolithus pe la g icu s  and dif
ferent reticulofenestrids, as well as the occurrence of Chias- 
m olithus oam aruensis and subordinate amounts of discoas- 
terids and Sphenolithas pseu dorad ian s  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 (Krhovskÿ e t a l., 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 o f 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 & 
Żytko, 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 o f their ter
rigenous material. The Skole basin was fed predominantly 
from the Noth European Platform (Książkiewicz, 1962; 
Kotlarczyk & Leśniak, 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 
o f 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 (Krhovskÿ e t a l., 1993). The predominantly red marls at 
Leluchów 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 o f 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 o f 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 a i ,  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
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from the biostratigraphic data and from the average cumula
tive thickness of its background deposits (cf. Leszczyński, 
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 (ni) and only a 0.05 (i.e. 
5%) present mean porosity (np), the original thickness (T0) 
o f the deposits was

To = (1 -  np /1 -n i)T p = (1 -  0.05/1-0.7)7 = 22.17 m

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"1. Such sedimentation rate is, however, markedly lower 
than the minimum (50 mm ky"1) indicated for hemipelagic 
deposits (see Stow et 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 (Krhovskÿ e t a l ,  1993) and 
for the SMGMS itself at Znamirowice (Leszczyński, 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 o f 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 o f 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 CaC03 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 planktonie 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 o f 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 o f 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 ereen shale.

w 18 13The markedly more negative 5 O and 5 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 affected chiefly the calcareous nannofossils and 
planktonie 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 Leluchów (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
thologie 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 20^100 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 lithologie 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 
o f the SMGMS patterns should be as a sort of approximation 
o f the spectrum processes involved.

The well-defined nature and regional occurrence of 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. Krhovskÿ et a l., 1993; 
see also Thunell e ta l ., 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 
Krhovskÿ et a l., 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 
o f 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 palaeogeography 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 Bachórz Sandstone and Shale Member, locally by Skopów Shale Member, and 
overlain by Skopów 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 -  
Bartkówka Sandstone Member underlain by the Bachórz Sandstone and Shale Member, Skopów Shale Member, and locally by the 
Chwaniów Calcareous Sandstone Member; 6 -  Hieroglyphic beds locally overlain by the Green shale (a). Hieroglyphic beds overlain by 
the Sub-Magura beds (b), 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; 10 -  Variegated marl and shale: 11 -  Variegated 
shale overlain by the Green shale; 12 -  Green shale predominantly (a), Skopów Shale Member underlain by the Bachórz Sandstone and 
Shale Member, locally by the Chwaniów Calcareous Sandstone Member and overlain locally by the Bartkówka Sandstone Member (b), 
Variegated shale overlain by the Green shale, locally inlerfingering with the Hieroglyphic beds (c). (d) Green shale underlain by the 
Variegated shale and/or Hieroglyphic beds: 13 -  transport directions; 14 -  poorly documented.
B. Late Priabonian: 1 -  Popiele Member interfingering with and overlain by the Sub-Menilite Globigerina Marl; 2 -  Poprad Sandstone 
(see Cieszkowski. 1992al; 4 -  upper part of the Sub-Magura beds (n) arid Zlltt 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 Łużna (Koniaków) limestone; 7 -  Sub-Menilite globigerina marl with frequent sandstone intercalations (fine-grained depos
its/sandstone = 1-5); 8 -  Sub-Menilite globigerina marl with predominantly greenish-gray, cream-yellow to yellowish-gray marl 
(fine-grained deposits/coarse-grained deposits >5); 9 -Leluchów Marl Member in variegated facies; 10 — presumed shallow-marine areas; 
1 1 -  emerged areas; 12 -  present northern border of the Carpathian flysch nappes; 1 3 -  presumed shoreline; 14 -  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: / -  Duląbka beds overlain by Menilite type shales; 2 -  Wątkowa 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 sandslone, locally with overlying marls and shales of the Sub- Chert beds (a), Michalczowa sandstone overlain by the Grybów 
shale (b); 5 -  Sub-Chert beds with the Borislav sandstone; 6 -  Sub-Chert beds with Krosno-type sandstones (o); Rdzawka beds overlain 
by the Cergowa beds (6); 7 -  Sub-Chert beds with the Kombornia sandstone; 8 -  Malcov Formation locally underlain by the Smereczek 
Shale Member (<7), 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 (/?); 10 -  Supra-Magura beds (a), undivided Sub-Chert beds in Slovakia 
(b): 1 1 -  Sub-Chert beds dominated by marls and shales: 12 -  Sub-Chert beds in the facies of Sub-Grybów beds and Grybów shale (a), 
Barutka beds (b)
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Lowered/Increased C aC 03 p roduction ; adequately: risen CCD (1) and lowered CCD (2)

Increased CaCO, production; deepened CCD

Low CaC03 production; shallow CCD

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- 
lation 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 o f  carbonate material. M oreover, the CaCC>3 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 o f  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 o f the background deposit thickness. These fluc
tuations usually em brace two more distinctive m arl-shale 
couplets. These couplets imply forcing by the obliquity cy
cle. Such fluctuations are best expressed in the SMGMS at 
Znam irowice, Rudawka Rym anowska and Krościenko-Gra- 
nica. In other sections, the variability is less distinctive. As 
it has been m entioned earlier, lateral differences in the pat
tern o f the background deposit distribution in the SMGMS, 
point to sedimentation on a bottom m arkedly contrasted 
bathym etricaly relative to the CCD. The sections where the 
background deposits show greater variation o f  the CaCC>3 
content represent probably the deeper areas o f  the basins. 
This is also suggested by the increased am ounts o f  resedi
ments. In contrast, sections deposited in the shallowest areas 
tend to be deprived o f  the noncalcareous green shale inter
beds. The SMGMS was not formed at sites below the limits 
o f  the CCD fluctuation, whereas in areas continuously 
above the CCD, the sequence evolved from the underlying 
calcareous deposits.

The subtle variability o f the C aC 03 content recorded on 
a cm-scale seems to result from varying supply o f  ter
rigenous and calcareous material. The supply varied in time 
and space. Thus, such variability, together with the general 
distribution o f mass resedimentation deposits (episodic de
posits), seem to represent a depositional noise. However, the 
concentrated occurrence o f  episodic deposits in the less cal
careous divisions o f the SMGMS enhances its rhythmicity. 
It cannot be excluded that some small-scale fluctuation in 
the CaCC>3 content was forced by the precession cycle (e.g. 
Fig. 33; cf. Krhovskÿ et al., 1993). However, the Carpathian 
territory was located at latitudes rather beyond significant 
influence o f  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 sedim ent redistribution by mass- 
gravity processes, accom panied by more regular climate 
changes, seem to be all responsible for the present distribu
tion o f terrigenous material within the SMGM S (cf. Lesz
czyński, 1996). The increased proportion o f  terrigenous m a
terial and resediments in the SMGM S indicates generally 
more proximal location o f  such section relative to the basin 
margin and/or the main resedimentation paths.

SEDIMENTATION DEVELOPMENT

The Priabonian-R upelian facies and their distribution 
show that the Carpathian flysch was deposited in a set o f 
deep-sea troughs bordered to the north, w est and east by the

emerged to shallowly subm erged European Platform and to 
the south by shallow-m arine to em erged area of the A lp ine- 
Carpathian-D ynaric Orogen (Figs. 44, 45). The fossil as
semblages suggest that the com m unication o f the area with 
the rest o f Tethys was ample until the end o f  Priabonian (see 
Bâldi, 1980). M oreover, the nature o f  these deposits implies 
rather aerobic conditions at the basin floors. However, the 
disappearance o f  red shales recorded since the middle Eo
cene, suggests a gradual decrease in oxygenation. The dis
appearance o f  red shales coincided both with severely inten
sified resedimentation in the M agura basin and significant 
tectonic reorganisation o f the western Tethys. This coinci
dence points therefore to a reduction in com munication be
tween the basins and the open ocean as a main cause o f  de
creased oxygenation at the basin floors. The communication 
became most restricted with the onset o f  anoxia that hap
pened during the sedimentation o f  the M enilite beds (Książ
kiewicz, 1960). Similar facies appeared then nearly syn
chronously along the entire northern margin o f  the Alpine 
orogenic belt between Provence in the w est and the Aral 
Lake in the east (see Roth & Hanzlikova, 1982; Bâldi, 
1984). The appearance o f  anoxic facies corresponds to the 
disappearance o f  M editerranean fossil assem blages in the 
Carpathian sea. According to Bâldi (1980), the latter event 
took place in the Pannonian basin som ewhere in the middle 
o f  the calcareous nannoplankton zone NP 21. A vast marine 
area, called Paratethys (see Bâldi, 1980), was then separated 
from the main part o f the Tethyan Ocean. A t the beginning, 
the Paratethys was linked m ainly with the C aucasian- Indo- 
Pacific realm and to a lesser extent with the Boreal province 
(see Roth & Hanzlikova, 1982). Its com m unication with the 
M editerranean Tethys is not clear (e.g., Bâldi, 1980). Ac
cording to Roth & Hanzlikova (1982), the internal part o f 
the Magura nappe formed a low em erged peninsula within 
the Paratethys. Orogenic m ovem ents recorded in the Alps 
and Dinaric Mountains at the Eocene-O ligocene transition 
are suggested to be responsible for the separation o f  the Pa
ratethys (see Bâldi, 1980).

The paleogeographic reorganisation within the Tethys 
at the Eocene-O ligocene 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 o f lithospheric 
plates recorded between the middle Eocene and early Oligo
cene is considered to have am plified the changes of the 
global climate recorded in the above tim e span. The opening 
o f  the circum-Antarctic circulation and the connection of the 
Arctic Ocean with the North Atlantic are actually regarded 
as the main causes o f these global climate changes (see 
Prothero, 1994). The paleoclim atic data clearly indicate that 
global cooling and increased aridity occurred during the 
middle Eocene, across the Eocene-O ligocene boundary and 
during the earliest O ligocene (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 o f the 
SMGMS, the most intense resedim entation occurred in the 
M agura basin where huge m asses o f  the Poprad Sandstone 
M em ber 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 
o f  the SMGMS as well. A ccording to Marta Oszczypko 
(1996), the SMGMS was deposited synchronously with the 
Poprad Sandstone M em ber 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 M ember, Przysietnica sandstone 
and the G lobigerina\M szanka sandstone being the most re
m arkable results. Similarly differentiated sedimentary con
ditions are recorded synchronously also in other areas o f the 
Alpine Europe and particularly in other parts o f  the Carpa
thians (see Tab. 5). The lowered terrigenous input together 
with the synchronous expansion o f  the Podhale flysch and 
the Pannonian basin, suggest sedimentation o f  the Pri
abonian succesion generally during a relative sea-level rise 
and highstand (cf. Książkiewicz, 1960). However, with re
spect to the global long-term sea-level changes, the entire 
Priabonian represents a lowstand tim e (Haq e t a l ,  1988). 
The widespread pre-SM GM S resedimentation and its later 
localised occurrence suggest intensified tectonic activity in 
some parts o f  the region. A simple interpretation o f  sand in
fluxes in terms o f  sea-level changes only (see Oszczypko, 
1992a, c) appears therefore rather unjustified. Eustatic influ
ence on relative sea level appears to have been minor and 
superim posed on tectonic activity that caused profound sub
sidence in the entire Carpathian area. The generally higher 
am ount o f  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 o f  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 o f the sea 
floor (cf. Koszarski & Żytko, 1965). The lack o f  calcareous 
deposits in other parts o f  the basins was probably caused by 
their location below the CCD. Still, dissolution after burial 
could have also added to the present absence o f  the carbon
ates in some sections. The influence o f dissolution is re
corded in scattered concretions o f  siderite, ferroan dolomite 
and rodochrosite (Narębski, 1957). An increased dissolution 
can be expected in areas o f  intensified terrigenous input as 
this material is distinctively enriched in organic matter.

Low productivity in flysch basins suggests lack o f  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 o f  the present Arabic peninsula and Iran were 
arid (Oberhänsli, 1996). Facies and their distribution show 
that in general in the western Tethys aridification proceeded 
during the late Eocene (see Bâldi, 1984). This is interpreted 
as caused by a shift o f  atmospheric circulation. The latter is 
considered as a consequence o f  significant topography 
changes suggested by the maxim um  tectonic activity in the 
western Tethys during the late Eocene (see Oberhänsli,

1996).
The extensive areas o f large evaporation excess in the 

Tethys are considered as sources o f  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 o f  Eocene. A sim ilar circulation 
originates in the present Persian G ulf 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 M iller (1992), the global circulation o f  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 o f  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 hem ipelagic or pelagic shale). Because o f  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 o f  the terrigenous flux.

The growing aridity towards the western Tethys, to
gether with global cooling at the Eocene-O ligocene 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 o f the Car
pathian flysch basins at the close o f  the Eocene grew mainly 
due to increased supply o f volcanic material (Gucwa & Wi- 
eser, 1980). Nevertheless, the increased carbonate produc
tion and the consequent CCD drop must have resulted in a 
gradual expansion o f carbonate material within the flysch 
basins. Marls appeared earlier and were deposited more 
continuously on elevated areas than in depressions (cf. 
Krhovskÿ et al., 1993). The lower boundary o f  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 o f different origin o f  the datations. The most 
intense sedimentation o f  marls typical for the SMGMS oc
curred apparently at the end o f  Priabonian and persisted lo
cally to the beginning o f  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 SMGM S was basically de
posited within one 414 ky eccentricity cycle. Nevertheless, 
in some parts o f the A lpine-C arpathian 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 predom inantly siliciclastic 
deposits. This pertains particularly to the northern part o f  the 
Magura nappe and some areas o f  the SMU (Fig. 46B).
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The highest contrasts between seasons at high latitudes 
in the northern hem isphere occur during the maximum 
obliquity o f the Earth’s axis and the sum m er perihelion. 
These were probably the periods o f  the m ost intense carbon
ate sedimentation in the Carpathian flysch basins. N otew or
thy, the increased amounts o f nannofossils suggest that the 
primary productivity was only moderate (Berger, 1991). 
Seasonal, decreased carbonate sedimentation may have oc
curred in times o f lowered difference between the seasons. 
The green shale facies was then deposited. The lowered 
amounts o f  benthic foraminifera in the green shale suggest 
that its deposition was accom panied by slightly increased 
terrigenous input. M oreover, the occurrence of turbidites 
within the less calcareous sequence segments suggests that 
they may also reflect times o f  intensified resedimentation. 
Thus, there are two possibilities o f  the origin o f the noncal
careous to poorly calcareous divisions: (1) sedimentation 
during lowered sea level stands, or (2) sedimentation in pe
riods o f  increased river runoff. The latter seems to be more 
probable for the SMGMS as the range o f  eustatic sea-level 
changes within an obliquity cycle in the late Priabonian was 
rather insignificant.

The growing upward proportion o f  the dark-coloured 
fine-grained deposits dominated by the type III kerogen in 
the Priabonian sequence suggests intensification o f terres
trial plant detritus supply during the Late Eocene. The latter 
process may have been caused by increased erosion o f adja
cent lands due to the earlier mentioned, globally lowered 
sea-level inferred for the Middle and Late Eocene. The lat
erally changing quantity o f  the dark-coloured fine-grained 
deposits seems to reflect the distribution o f  river mouths and 
deltas around the flysch sea. The occurrence o f fossils sim i
lar to those in the green shale, though in a significantly 
poorer assemblage, suggests resedimentation o f 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 o f  the Oligocene (Fig. 46C).

The appearance o f the type II kerogen in the Sub-Chert 
beds together with the disappearance o f  the benthic meio- 
and macrofauna and, consequently, the disappearance o f 
bioturbation, all imply the onset o f anoxia at the basin bot
tom. This was accom panied by a switch to the predom i
nantly marine organic matter reflecting a significant in
crease in the primary productivity in the flysch basins. A 
gradual decrease in the content o f  calcareous material in the 
background deposits implies ecological changes in the 
flysch basins. The onset o f anoxia was presumably mainly 
due to a reduced deep-water circulation and increased sup
ply o f  labile organic matter. Growing isolation from the 
global ocean is generally regarded as responsible for the re
striction o f  deep-water circulation (Figs. 44, 45, cf. Bâldi, 
1984). Hence, the increase in productivity was there caused 
presum ably by a high fluvial supply o f  nutrients (cf. 
K rhovskÿ et a l ,  1993). This is best evidenced in the pack
age o f  cherts and diatomites o f  the M enilite beds. The con
centration o f diatomites in the marginal parts o f  the basins 
(see Jucha & Kotlarczyk, 1961) points to strongly increased 
supply o f  silica from adjacent lands. The common occur
rence o f  volcanic material in the Sub-Chert beds suggests

that it also added to the fertility o f  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 m ay have induced up- 
welling (Veto, 1987) that additionally enhanced the fertility. 
Finally, the photic zone anoxia recorded in the Menilite 
beds (Köster et 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 SM GM S developm ent coincided 
with intensified resedimentation in the entire region (Ko
szarski & Żytko, 1959). The resedimentation first affected 
the organic-rich deposits o f the outer basin margin and cul
minated in predominantly siliciclastic deposits (the sand
stones o f the Sub-Chert beds, and the glauconitic Magura 
sandstone). Such extensive intensification of resedim enta
tion points to a rather overregional control (cf. Koszarski & 
Wieser, 1960). An influence o f  the globally recorded sea- 
level fall cannot be excluded here (cf. Bâldi, 1980). How
ever, in contrast to other periods, the resedim entation 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 o f  the surrounding lands was 
flattened.

The domination o f hem ipelagic 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 enrichm ent o f  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 (?source area uplift). Hence, the sequence 
embracing the Green shale unit, SMGM S and the Sub-Chert 
beds corresponds to a genetic stratigraphie sequence (Gallo
way, 1989).

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

POSTDEPOSITION AL CHANGES

As it has been shown earlier, the 5 L’C signals suggest 
diagenetic modification o f  the SMGM S 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 e t al., 1983). Its occur
rence is indicated by the well preserved, uncom pacted bur
rows recorded in the strongest cem ented marl (concretion
ary beds; see also Bohrmann & Thiede, 1989). Siderite, fer- 
roan dolomite (ankerite) and rodochrosite were formed be
sides calcite. This kind o f  diagenesis was pointed out by 
Krhovskÿ e t a l  (1993) as the only one responsible for the 
features o f the SMGMS equivalent deposits. The highly 
negative isotopic signals o f  the light marl and its increased 
hardness suggest that it originally contained considerable
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am ounts o f  easily metabolizable organic substances.
The second stage o f  diagenesis is recorded primarily in 

the dark-coloured mudstones, shales and marls showing dis
tinctively heavier 5 13C than that in the light marl and the 
green shale. The enrichm ent in the 13C appears to result 
from the occurrence o f  CaCO.i form ed o f  CO 2 that was 
modelled by methane formation. The exclusively negative 
5 I80  in the SM GM S, together w ith the high pyrolitic Tmax, 
suggest that the isotopically heavy CaCC>3 formed during a 
deep burial o f  the sequence. The methane-related recrystali- 
sation affectedprim arily  the significantly TOC-enriched de
posits. The 5 1jC signals in some light marls suggest that 
these were not necessarily only the deposits which presently 
contain more organic matter.

CONCLUSIONS

The following features o f  the SMGM S were determined 
and interpreted for the first tim e based on investigations in 
the entire Polish Carpathians:

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

2. The present distribution o f  the SMGM S results 
chiefly from orogenic deformation and postorogenic erosion 
o f  the flysch sequence. This particularly concerns the M a
gura nappe. However, intense sedimentation o f  noncal
careous material during the late Priabonian restricted the de
velopm ent o f  typical SMGM S in the M agura basin.

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

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

5. The vertical pattern and lateral variability o f  the 
SMGM S point to deposition under fairly variable sedim en
tary conditions both in time and space. The periodically 
changing production o f  nannoplankton and planktonie 
foram inifera and the consequent CCD changes, recognized

earlier by Krhovskÿ e l al. (1993) in the SMGM S equivalent 
deposits in the Czech Carpathians, together with basin mor
phology and spasm odic resedimentation, all are here consid
ered as the main factors responsible for the SMGMS devel
opment.

6. The variability in the type and am ount o f 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 SM GM S, as in the Dukla nappe, 
may have been deposited within more than one above m en
tioned cycle. Their developm ent is presumed to have started 
earlier due to their location at shallower depths. The distinc
tive vertical fluctuations o f  CaC 0 3  content within back
ground deposits appear to result from climate and conse
quent environm ental changes forced by short eccentricity 
and obliquity cycles. Any stronger impact o f  precession cy
cles as suggested by Krhovskÿ et al. (1993), is here ques
tioned. The intermittent resedim entation o f  terrigenous ma
terial usually rich in organic m atter contributed to the se
quence pattern, depending m ainly on section location with 
respect to the main pathways o f  the terrigenous influx.

7. The sedimentation o f  the carbonate-enriched back
ground deposit (particularly the light marl) occurred in peri
ods o f  intensified water circulation. Contrary to Krhovskÿ et 
al. (1993), such periods are here considered as typified by 
strongly contrasted (dry/wet) seasons with an overall low 
terrigenous influx. M oreover, 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 o f  enhanced runoff on the sedimentation o f  the 
carbonate-rich deposits, suggested by Krhovskÿ e t al. 
(1993), appears doubtful in the light o f the present data.

8. The lateral variability o f  the calcareous background 
deposits is here considered to reflect bathym etric differen
tiation o f  the basin bottom relative to CCD and temporal 
CCD fluctuations.

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

10. The 5 I80  and S I3C signals in the fine-grained de
posits o f  the SMGMS indicate significant diagenetic m odifi
cations o f  these deposits. Their character and scale de
pended upon the availability o f  easily degradable organic 
matter and the content o f easily soluble carbonate particles 
in the sediment. The light marl and green shale were af
fected mainly by diagenesis due to oxic degradation o f  or
ganic matter. Therefore, the isotopically light carbonate was 
there introduced proportionally to the original CaCO.i con
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tent. The dark-coloured m udstones and marls, as well as 
some light marls and shales underwent additionally a later 
diagenesis related to methane formation. It resulted in the 
introduction o f  isotopically heavy carbonate. Nevertheless, 
the original periodic variation o f the 5 I80  and 5 13C in the 
water column o f sedimentary basin was o f  the primary sig
nificance for the observed alternation o f the distinctively 
calcareous and non-calcareous light-coloured background 
deposits. The diagenetic processes enhanced only the origi
nal record o f various sedimentary conditions.

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

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

13. In sequence stratigraphy terms, the SMGM S to
gether with the immediately underlying Green shale unit 
and the overlying Sub-Chert beds represent a genetic strati
graphie sequence.
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S tre szc ze n ie

GENEZA UTWORÓW SEKWENCJI 
PODMENILITOWYCH MARGLI 

GLOBIGERYNOWYCH (PRZEŁOM EOCENU 
I OLIGOCENU) KARPAT POLSKICH

S ta n isła w  L eszczyńsk i 

WSTĘP

Sekw encja podm en ilitow ych  margli g lob igerynow ych  
(SM G M S) reprezentuje jed en  z w ażn iejszych  p oziom ów  charak
terystycznych  w e fliszu  Karpat zew nętrznych . Seku'encja ta w y 
różnia się  skoncentrow anym  w ystęp ow an iem  krem ow o-żó ltyeh  i 
zielon ych  do czerw onaw ych  m argli bogatych w  otw ornice plank- 
toniczne. M ieści się  ona w obrębie c zęśc i sekw encji fliszu charak
teryzującej się  ostrym i zm ianam i w  obrębie utw orów  drobno
ziarnistych.

Szerokie rozprzestrzenienie m argli bogatych w  glob igeryny  
na przełom ie eocenu i o ligocen u  na obszarze od A lp  Zachodnich  
po K aukaz (patrz Rogi & Steininger, 1983) sugeruje sterow anie  
sedym entacji tych utw orów  przez czyn n ik i ponadregionalne. Za
sadnicze znaczenie przypisyw ane je st  g lobalnym  zm ianom  k li
matu oraz zm ianom  paleogeografii w  obrębie i w okół T etydy  
(patrz O lszew ska, 1983, 1984).

C elem  niniejszej pracy jest interpretacja gen ezy  osadów
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SM G M S, ze  szczegó ln ym  uw zględn ien iem  g łó w n y ch  czynn ików  
od p ow ied zia ln ych  za sedym entację charakterystycznych dla tej 
sekw encji jasnych margli oraz za’w zôr sekw encji.

METODY

Przeprow adzono ogó ln ą  analizę sekw encji górnego e o c e n u -  
dolnego  o ligocen u  w całych  Karpatach. W  25 przekrojach z róż
nych częśc i Polskich Karpat zew nętrznych  (Fig. 1) przeprow a
dzone zosta ły  m akroskopow e badania sz czeg ó ło w e. W badaniach  
m akroskopow ych rejestrow ane były w szystk ie  cech y  skal. Facje 
od n oszon o  do schem atu k lasyfikacyjnego facji osadów  g łęb ok o
w odnych  opracow anego przez P ickeringa et al. (1986: Tab. I).

W oparciu o dane z  przekrojów badanych bezpośrednio oraz 
dane z  literatury opracow ane zostały  schem aty litostratygrafii i 
m apy facji p óźnego e o cen u -w czesn eg o  o ligocen u .

Badania terenow e uzupełn ione były badaniam i laboratoryj
nymi:

-  m ikrocecli osadów ,
-  rozm ieszczen ia  otw ornic i nanoplanktonu w apiennego,
-z a w a r to śc i i rodzaju w ęglan ów ,
-z a w a r to śc i i rodzaju materii organicznej,
-  zaw artości 10 g łów n ych  pierw iastków ,
-  sygn ałów  stabilnych izotopów  tlenu, w ęg la  i siarki.

STRATYGRAFIA 

Definicja i datowania
Jako SM G M S, w pracy niniejszej op isyw an y jest pakiet skal 

zd om inow any marglami k rem ow o-żóltym i. żó ltaw o-z ie łon ym i, 
z ielonaw o-szarym i lub czerw onaw ym i w ystępujący pow yżej sek
w encji z  przew ażnie zielon ym i utworami drobnoziarnistym i lub 
p ow yżej jej odpow iedn ików  chronostratygraficznych, a poniżej 
sekw encji, w której utwory drobnoziarniste są  w  przew adze  
ciem ne. Jest ona op isyw ana jako w arstw y m en ilitow e lub jako for
m acja m enilitow a. W pracy niniejszej w zm iankow ana jest przede 
w szystk im  dolna część  warstw m en ilitow ych , poniżej poziom u ro
g o w có w , nazyw ana warstwam i p od rogow cow ym i (por. Sw idziń- 
ski, 1948).

D atow ania SM G M S, podobnie jak i jej litostratygrafia, pre
zentow ane są  różnie w  d otychczasow ej literaturze (Tab. 2). W e
dług ostatnich prac, SM G M S obejm uje poziom y otw orn icow e P
17, c zęśc io w o  P 16 (Van C ouvering et al., 1981) oraz P 18 (O l
szew sk a , 1985), a także poziom y nanoplanktonu w apiennego N P  
20  i d olną część  N P 21 (V an C ouvering et a!., 1981) lub w yłączn ic  
n ierozdzielny poziom  N P  19/20 (O szczyp k o, 1996). D atow ania te 
p ozostają  do sieb ie  w  różnych relacjach, za leżn ie  od rodzaju skali 
o d n iesien ia  (Tab. 3).

SMGMS a utwory priabonu-wczcsnego rupclu 
w Karpatach Polskich

Karpaty wewnętrzne
U w ory p riab on u-w czesn ego  rupelu dokum entow ane są  w 

dolnej częśc i paleogenu Podhala (v. B laicher, 1973: S okołow sk i, 
1985; C ieszk ow sk i, inf. ustna). O dpow iednik i chronostratygra- 
ficzn ie  SM G M S w ystępują  na przejściu od w apiennych  utw orów  
eocenu  num ulitow ego  do fliszu  warstw  zakopiańskich i szaflar- 
skich.

Karpaty zewnętrzne
U tw ory priabonu w  Karpatach zew nętrznych , z w yjątkiem  

p łaszczow in y  m agurskiej, są  zdom inow ane łupkam i zielonym i 
(Fig. 2; Tab. 4). W p laszczow in ie  m agurskiej, w  jednostkach  kry

nickiej, sądeckiej i gorlickiej, priabon je st  reprezentow any g łó w 
nie przez serię fliszu  ogn iw a p iask ow ców  z  Popradu (v. O szczyp 
ko, 1992a, b, c). L okalnie m ogą  one sięgać po granicę e o c e n -o li-  
gocen  (v. C ieszkow sk i, 1992a). W jednostce Siar p łaszczow in y  
magurskiej, utwory priabonu są  przew ażnie drobnoziarniste o bar
wach zielon ych  i szarych (łupki pstre, w arstw y podm agurskie i h i
eroglifow e; v. O szczypko, 1992b , c).

W stropie priabonu, na przejściu do rupelu, na całym  obszarze  
Karpat zew nętrznych w ystępują  utw ory w zb ogacon e w  materiał 
w apienny. Jest to w  w ięk szości SM G M S (por. K oszarski, 1985). 
W p laszczow in ie m agurskiej, sekw en cję takich utw orów  w yd zie
lono jako ogn iw o margli z  L eluchow a (Birkenm ajer & O szczypko, 
1989), natom iast w  p laszczow in ie  skolskiej jako  ogn iw o margli ze  
Strwiąża (R ajchel, 1990). W ykszta łcen ie SM G M S pod w zględem  
składu lito log iczn ego  i rozm ieszczen ia  p o szc zegó ln ych  rodzajów  
skal w profilu je st  różne i zm ien ia  się  ju ż  na dystansie paru k ilo
m etrów (Fig. 3 -1 7 ) .

Pow yżej SM G M S, w  jednostkach  tek ton icznych  grupy przed- 
magurskiej i p ołożonych  bardziej na północ, zalega  zróżnicow ana  
lito log iczn ie  sekw encja  w arstw  p od rogow cow ych , stanow iących  
d oln ą  część  w arstw  m en ilitow ych . Jej w yróżn ik iem  są  ciem no
szare i brunatne do czarnych utw ory drobnoziarniste (m ułow ce, 
m argle, łupki) podścielające poziom  rogow ców . Wy stępujące tam 
utwory gruboklastyczne cech u ją  się  dużym  udziałem  bioklastów  
pochodzenia  plytkom orskiego. N a przejściu od SM G M S do 
w arstw  podrogow cow ych  w ystępuje przekładaniec centym etro
w ych  lamin jasnych i ciem n ych  osadu drobnoziarnistego (lupek  
ilasty do m ułow ego, m ułow iec, m argiel). W apnistość utw orów  
drobnoziarnistych spada w yraźnie w stropie warstw podrogow 
cow ych .

Margle globigerynowc na przełomie eocenu-oligocenu 
w innych regionach

Znaczne w zb ogacen ie  utw orów  przełom u eo cen u -o lig o cen u  
w  drobnoziarnisty material w apienny, w łą czn ie  z  w ystępow aniem  
margli g lob igeryn ow ych . zaznacza się  na całym  obszarze alpidów  
Europy środkowej. Jednakow oż, pozycja  skoncentrow anego w y 
stępow ania materiału w ap iennego jest interpretow ana dosyć  roz
b ieżn ie (Tab. 5). R ozb ieżności te, przynajm niej w  częśc i, w ydają  
s ię  w ynikać z różnych m etod datow ania, jak  rów nież z  różnej kla
syfikacji litostratygraficznej tych u tw orów . Ich pozycja litostraty- 
graficzna w  ca łych  Karpatach zew nętrznych  w ydaje s ię  być stała.

SPECYFIKA I FACJE SMGMS

N a całym  badanym  obszarze, SM G M S w ykazuje znaczne la- 
teralne zróżnicow anie m iąższości, składu i wzoru. Z  w yjątkiem  
płaszczow in y  dukielskiej, jej m iąższość  w ydaje s ię  o scy low ać  
m iędzy  5 -1 0  m etrów. Z aznacza się  słaby trend w zrostu skum ulo
wanej m iąższości margli jasn ych  i łupków  z ie lon ych  ze  spadkiem  
skum ulow anej m iąższości n iew apnistych  łupków  zie lo n y ch  (Fig. 
18A ) oraz w zrostem  ilości przew arstw ień tych ostatnich (Fig. 
18B). R óżn ice w e w zorze sekw encji zazn aczają  się  na przestrzeni 
kilku kilom etrów  (por. profil Z nam irow ice na Fig. 11 z  profilem  
na Fig. 12B). C hociaż, pew ien  w zór zdaje s ię  pow tarzać w  n ie
których profilach.

Ze w zględu na teksturę, barwę, struktury sedym entacyjne i 
zaw artość CaCO.i utw orów  SM G M S w yodrębn ione zosta ły  w  nich 
następujące facje:

-  margle jasne,
-  lupki zielon e,
-  ciem ne łupki, m ulow ce i m argle,
-  p iaskow ce i py łów ce,
-  utwory chaotyczne
W yróżnione facje w ykazują  pew ne p ow iązan ie  ze  so b ą  (Fig.



426 S. LESZCZYŃSKI

19). D otyczy  ono szczeg ó ln ie  stop n iow ego  przechodzenia margli 
jasn ych  w  lupki z ie lon e. O sady gruboziarniste koncentrują się  w  
słabiej w apnistych  odcinkach profilu. W górnej częśc i SM G M S  
zaznacza się  zanik bioturbacji. S ą  on e generalnie n ieobecne w  
leżących  w yżej warstw ach m en ilitow ych .

Margle jasne
Facja ta obejm uje m iękkie m argle żólto-krem ow e, beżow e, 

żó lto -z ie lon e, b eżow o-szare, szaro-z ie lon e i czerw onaw e oraz 
twarde, konkrecyjne m argle beżow e. Ich skoncentrow ane w ystę
pow anie je st  podstaw ą w ydzielan ia  SM G M S. U tw ory te w ykazują  
pew ne zróżn icow anie tekstury i struktur sedym entacyjnych , w i
doczne przede w szystk im  pod m ikroskopem  (Fig. 2 0 -2 8 ) . N aj
grubszą trakcję jasnych  m argli tw orzą najczęściej skorupki otw or
nic planktonicznych. O bserw acje w  m ikroskopie skaningow ym  
w skazują, że  material w apienny jest g łów n ie  pochodzenia  nanno- 
planktonow ego (Fig. 29; por. K rhovskÿ et a l ,  1993; O szczypko, 
1996). M argle m iękkie tej facji odpow iadają facjom  G 1.2 i G2.1 
ze  schem atu k lasy fikacyjnego P ickeringa et a l  (1 9 8 6 ), zaś margle 
twarde m ają charakter facji G3.

Łupki zielone
Z aliczono tu lupki ja sn ozie lon e, szarozielone do o liw k ow ych , 

m ułow e do ilastych, tak w apniste jak i nicw apniste. Ich udział i 
rozm ieszczen ie  w  badanych przekrojach są  dosyć zróżnicow ane. 
Zanikają one prawie zupełn ie w stropie SM G M S. W utworach 
tych reprezentow ane są  facje E l .2, E l .3, G2 i E2.1 ze  schematu  
k lasyfikacyjnego Pickeringa et at. (1986).

Łupki, mulowcc i margle ciemne
Facja ta obejm uje ciem noszare do czarnych lupki ilaste do 

m ułow ych, ciem noszare do czarnych i brunatne m ułow ce i margle. 
Udział tych utw orów  wzrasta ku górze SM G M S. O prócz zróżni
cow ania  barwy i zaw artości C aC O i w ykazują  one dość duże zróż
n icow anie pod w zględ em  składu petrograficznego, tekstury i 
struktur (Fig. 3 0 -3 2 ).

W odniesien iu  do schem atu k lasyfikacyjnego Pickeringa et 
cii (1 9 8 6 ), utw ory te reprezentują facje D 2 .I , D 2 .3 , E 2 .I , oraz 
E2.2.

Piaskowce i pyłówce
Facja ta reprezentow ana je st  przede w szystk im  przez cienkie  

i bardzo c ien k ie  ław ice p y ło w có w  i p iask ow ców , przechodzących  
ku górze w ciem ny m ulow iec, odpow iadające w  schem acie k lasy
fikacyjnym  Pickeringa et al. (1 9 8 6 ) facjom  C2.3 i D 2 .1. Podrzęd
ny udział m ają utwory reprezentujące lacje C 2 .1 , B 1.2 oraz C 1.1.

Utwory chaotyczne
Facja ta obejm uje utw ory odpow iadające facjom  F2.1 i F2.2  

ze  schem atu k lasyfikacyjnego Pickeringa et al. (1 9 8 6 ). W ystępują  
one w  pojedynczych  ław icach , szczeg ó ln ie  w  obrębie SM G M S w  
p laszczow in ie  dukielskiej.

SKŁAD LITWORÓW DROBNOZIARNISTYCH

G łów nym i składnikam i m ineralnym i badanych drobnoziar
nistych  utw orów  SM G M S są  hydrom iki, kwarc detrytyczny oraz 
kalcyt. W m arglach twardych w ystęp u ją  w ięk sze  ilośc i syderytu, 
dolom itów  żelazistych , i w m niejszym  stopniu rodochrozytu (Fig. 
3 9 ) .C zęstym  składnikiem  ciem nych  łupków , m ułow ców  i margli 
je st  piryt. Z aw artość w ęglan ów  w yrażana jako CaCO.i w aha się w  
przedziale 0 -7 8 .5 % . M ateriał w apienny tw orzą g łó w n ie  nanno
skam ien iałości (v. R adom ski, 1967: van C ouvering et al., 1981; 
O szczyp k o, 1996; Fig. 37) oraz skorupki otw ornic planktonicz
nych (v. B laicher, 1961, 1970: O lszew sk a , 1983, 1984; Fig. 36).

Zawartość w ęglan ów , materii organicznej, sygnały  stabilnych izo
topów  O, C i S, jak  rów nież udział otw ornic i nannoplanktonu  
w ykazują siln ą  za leżn ość  od rodzaju osadu (Fig. 3 3 -3 5 ;  38, 4 0 . 41, 
43; Tab’. 8).

C ałkow ita zaw artość materii organicznej (TO C ) m ieści się  w  
przedziale 0 -3 ,5 % . W m arglach jasn ych  jej udział jest bliski zera. 
N ajw iększy udział m a ona w  lupkach, m ulow cach  i marglach 
ciem nych. R eprezentow ana je st  tam g łów n ie  przez kerogen typu 
III (Tab. 6, Fig. 42).

Spośród 10 p ierw iastków  g łów n ych , najbardziej zm ienny  
udział wykazują: Si. Ca, Fe, A l i K (Tab. 7)

GENEZA OSADÓW

Tekstura i struktury sedym entacyjne osad ów  drobnoziarnis
tych dom inujących w  SM G M S w skazują  na sedym entację g łó w 
nie poprzez sw obod n e osiadanie ze  słupa w ody. Duża zaw artość  
pyłow ego  materiału terygen iczn ego  w skazuje, że  są to zasadniczo  
osady hem ipelagiczne. C zęść  o sad ów  drobnoziarnistych depono
wana była przy pew nym  udziale transportu po dnie.

M argle twarde są osadam i ukształtow anym i znacząco przez 
procesy d iagenetyczne. Tym  sam ym  reprezentują one fację osa
dów  chem ogenicznych: G 3, w  schem acie k lasyfikacyjnym  P icke
ringa et al. (1986).

M argle i lupki z  lam inam i p y łow ym i, podobnie jak kilkum ili
m etrowe do kilkucentym etrow ych lam iny pylaste i drobnopiasz- 
czyste m ogą reprezentow ać osad prądów konturow ych lub osad 
siln ie  rozcieńczonych  prądów zaw iesin ow ych .

Lupki, m ulow cc i m argle tw orzące w arstw y o w yraźnie zaz
naczonym  spągu i w ykazujące norm alne uziarnienie frakcjonalne, 
podobnie jak  i c ienkie i średnie ła w ice  p iask ow ców  i p y ło w có w  są  
turbidytami osadzonym i z  prądów zaw ies in o w y ch  o niskiej gęs
tości. P iaskow ce grubolaw icow e są  turbidytami osadzonym i z  prą
dów zaw iesin ow ych  o w ysokiej g ęstośc i.

U tw ory chaotyczne zosta ły  osad zon e przez sp ływ y kohezyjne  
i osuw iska.

Ze w zględu na skład, charakterystyczne dla SM G M S margle 
jasne reprezentują m ułow e oozy nannoplanktonow o-otw ornicow e. 
zw ane też ariami nannoplanktonow o-otw ornicow ym i.

C echy osadów  eo ceń sk o-o ligoceń sk ich  Karpat zew nętrznych  
oraz ich rozm ieszczen ie w skazują na sedym entację w zam ykają
cym  się  basenie (ang. remnant basin) glębokom orskim  (Fig. 44, 
45). Ze w zględu  na stosunkow o n iew ie lk ie  rozm iary i w yraźne od
d zielen ie m orfologiczne od głów nej częśc i T etydy  basen ten inial 
charakter “m orza p rzy leg łego’' (ang. adjacent sea. E insele, 1992).

U tw ory SM G M S deponow ane były  na g łębokościach  p o łożo 
nych w  przedziale C C D . Zm ieniające s ię  lateralnie rozm ieszczenie  
drobnoziarnistych osad ów  w apiennych  w ydaje się  w ynikać ze 
znacznego zróżn icow ania  batym etrii basenów  w zględem  CCD.

Z espoły  nanoplanktonu i otw ornic planktonicznych w  u tw o
rach SM G M S w skazują na ich osadzan ie w m orzu um iarkowanie 
chłodnym  (van C ouvering et al.. 1981; O lszew ska. 1983). P io
now e zm iany zesp ołów  obu grup skam ien iałości sugerują fluktua
cję zasolen ia , ewaporacji i żyzn o śc i basenów  fliszo w y ch  (K rhov
skÿ et a l ,  1993). Intensyw na biolurbacja osad ów  tla w skazuje  
aerobow e warunki na dnie basenów  podczas sedym entacji u tw o
rów SM G M S. Z akończenie ich sedym entacji w ią że  się z załam a
niem  aeracji i nastaniem  w arunków  an oksycznych  i bliskich  
anoksji. W warunkach takich d eponow ane były  utwory warstw  
m enilitow ych . N astanie ich sedym entacji sp ow od ow an e zostało  
ograniczeniem  połączeń basenów  n iszo w y ch  z  otwartym  oceanem  
w  w yniku ruchów orogen icznych  na obszarze T etydy  oraz g lob al
nych zm ianam i klimatu (v. Berggren & Prothero, 1992; Prothero. 
1994; O berhänsli, 1996)

Z różnicow anie lateralnc udziału i rodzaju materiału tery
gen iczn ego  w  SM G M S w skazuje na różne w p ły w y  lądów. Para
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metry le sterow ane były przez klimat, zróżn icow aną aktyw ność  
tektoniczną obrzeżeń basenów  fliszo w y ch  ich m orfologię  i o d leg 
łość od g łów n ych  dróg roznoszenia m ateriału. C harakterystyczna  
była dostaw a materiału z  północnych obrzeżeń  basenów  (Fig. 46). 
G eneralnie, w  porów naniu do litw orów  p odścielających  i nadleg- 
lych, SM G M S form ow ana była w  okresie znacznego obniżenia  in
ten syw n ości resedym entacji w  basenach fliszow ych .

Fluktuacja w apnistości utw orów  SM G M S, w ynikająca zasad
niczo ze  zm ieniającej s ię  zaw artości nanoplanktonu w apiennego i 
otw ornic p lanktonicznych, sugeruje sterow anie sedym entacji całej 
sekw encji przez klim at i czynniki pochodne. Łączna m iąższość  
osadów  tła SM G M S oraz jej parametry stratygraficzne sugerują  
pow stanie całej sekw encji pod w p ływ em  warunków  k lim atycz
nych ukształtow anych przez jed en  d łuższy cyk l ekscentryczności 
orbity Z iem i (414  tys. lal: por. K rhovskÿ et al.. 1993; L eszczyńsk i. 
1996). Stopa sedym entacji osadów  tla w yn osiła  ok. 37 m m /lys. lat.

W zór SM G M S kształtow any by 1 zasadn iczo przez zm iany  
klimatu w ynikające z  krótszego cyklu  ekscentryczności orbity 
Ziem i (ok. 100 tys. lat) oraz cyklu sk ośn ości (ok. 40  tys. lat), 
batym etrię i geom etrię basenów  fliszow ych  oraz aktyw ność tek

toniczną obszaru. Zm iany klimatu w p ływ ały  na rozwój SM G M S  
poprzez sterow anie produkcją nanoplanktonu w apiennego i otw or
nic planktonicznych i w konsekw encji położen iem  C C D  (Fig. 47). 
Batym etria i geom etria basenów  n iszo w y c h  w p ływ ała  na lokalny 
rozwój sedym entacji, określając p o łożen ie  m iejsca w zględem  
fluktuującej C C D  i dopływ  materiału w ęg la n o w eg o  oraz intensy
w n ość  i sposób dostaw y materiału terygen icznego. O statnie dwa  
parametry były rów nocześn ie u za leżn ion e od aktyw ności tekto
nicznej obrzeżeń basenów . N ajsłab szą  fluktuacją w apnistości osa 
dów  tla oraz stratygraficznie najw iększym  zasięg iem  cechuje się  
SM G M S w przekrojach p ow stałych  w  m iejscach najpłytszych, 
poza g łów nym i drogami dystrybucji m ateriału terj'^enicznego.

Silne w zb ogacen ie jasn ych  margli w  O i "C sugeruje że  
obecne zróżnicow anie w apnistości u tw orów  SM G M S jest w 
części efektem  diagenezy. D iagen eza  prow adząca do takich 
przemian osadu pow odow ana jest tlenow ym  rozkładem  materii or
ganicznej. W yraźne w zb ogacen ie m u low ców  i margli c iem nych  w 
' C w ska-zuje, żc  podlegały one d iagen czie  po etapie m elano- 

gen ezy . a za-tem  u legły siln iejszem u przekształceniu  diagenety- 
cznenui niż margle jasne i łupki zielone.




