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This study de tails the pe trol ogy and chem is try of the Oligocene suc ces sion of the Grybów Nappe in its stratotype-lo cal ity in
the Grybów tec tonic win dow (Pol ish Carpathians). The sec tion stud ied is com posed of the Sub-Grybów Beds, the Grybów
Marl For ma tion (GMF), and the Cergowa Beds, rep re sent ing the mid dle to up per part of the Oligocene suc ces sion. The rocks 
stud ied con sist of quartz, cal cite, Na-plagioclase, mus co vite and clay min er als (illite-smectite with 25–30% of smectite and
kaolinite). Ad di tion ally, he ma tite oc curs in the GMF and chlorite in the Cergowa Beds, re spec tively. The macerals as sem -
blage of the GMF is dom i nated by landplant-de rived com pounds of liptinite, as so ci ated with mi nor amounts of vitrinite rep re -
sent ing type II kerogen. The to tal or ganic car bon (TOC) con tent is be tween 0.45 and 6.16 wt.%. The d13Corg val ues of the
GMF vary be tween –27.1 and –27.9‰. The val ues of both car bon and ox y gen iso to pic ra tios of car bon ates range for d13C
from –1.1 to –4.3‰ VPDB, and for O from –1.5 to –4.8‰ VPDB. The con cen tra tions of Co, U, Ni, As, and Mo are higher in the
GMF than in the ad ja cent strata and pos i tively cor re late with TOC and S. Val ues of the TOC/S and V/V+Ni ra tios are 0.7 to
3.5 and 0.67 to 0.78, re spec tively, and in di cate anoxic con di tions. The ra tios of U/Th and V/Cr (0.3–2.2, 1.18–3.18, re spec -
tively) sug gest the change of oxic con di tions to re duc ing con di tions oc curred dur ing the GMF de po si tion. This change could
have been pre ceded by a plank ton bloom, ini ti ated by a nu tri ent-rich fresh wa ter in flow that is in ferred from the de crease of
the d13Ccarb val ues and the ter res trial de tri tus sup ply. Ther mal al ter ation of the Grybów Suc ces sion is con cluded on the ba sis
of smectite illitisation and low d18O val ues.
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INTRODUCTION

The birth of an iso lated Paratethys Sea started around the
Eocene–Oligocene bound ary (Báldi, 1980; Rusu, 1988), in -
duced by tec tonic ac tiv i ties along the Al pine front. The Turgai
Strait closed and wa ter flow from the North Sea led to a new
oce anic cir cu la tion in the in ter con ti nen tal Paratethys. The
Paratethys was sep a rated from the Med i ter ra nean. Elon gated
deep troughs stretched from the West ern Alps to the
Transcaspian Ba sin (Rögl, 1999; Schulz et al., 2005).

The clo sure of the ma rine sea ways cul mi nated with the on -
set of the nannoplankton zone NP 23 (Lower Oligocene, i.e.
Kiscellian as Cen tral Paratethys stage, Rupelian – stan dard
stage). Dysaerobic bot tom con di tions spread in the Paratethys
bas ins and fa cil i tated the sed i men ta tion of or ganic mat ter
(OM)-rich sed i ments (Popov et al., 1993; Rögl, 1999), ex tend -
ing from the Molasse Ba sin through out the Carpathians to the
Cas pian Ba sin (Kotlarczyk, 1979; Vetö, 1987; Popov et al.,

2004; Schulz et al., 2005; Sachsenhofer and Schulz, 2006).
The OM-rich de pos its are im por tant source rocks for hy dro car -
bons in many places of the Paratethys re gion (e.g., Ziegler and
Roure, 1999; Kotarba and Koltun, 2006).

More open, well-ox y gen ated ma rine bot tom con di tions pre -
vailed in the mid dle part of the Oligocene (NP 24, lower Egerian
in Cen tral Paratethys, up per Rupelian–lower Chattian as stan -
dard stage). This cor re sponds with a pe riod of clastic sed i ment
and turbidite de po si tion in all Paratethys bas ins (Rögl, 1999).

The Oligocene or ganic-rich fa cies in the Pol ish Outer
Carpathians is known as the Menilite For ma tion (Kotlarczyk
and Leœniak, 1990). The aim of this study was to un veil the re -
dox con di tions and or ganic mat ter sources dur ing the de po si -
tion of the Oligocene suc ces sion of the Grybów Nappe in its
stratotype-lo cal ity in the Grybów tec tonic win dow (GTW), in re -
spect of its pe trol ogy and chem i cal com po si tion. If an oxia had
oc cu pied the ba sin, the sed i ment de pos ited therein would
have showed ap pro pri ate fea tures. Sev eral com monly ac -
cepted in or ganic in di ces (U/Th, V/V+Ni, Ni/Co, TOC – to tal or -
ganic car bon, TOC/S) were used in an at tempt to in ter pret the
re dox con di tions dur ing the for ma tion of the dark-col oured
strata in the Grybów Nappe. The de gree of illitisation of
smectite, the ther mal ma tu rity of kerogen, and the sta ble iso to -
pic com po si tions of car bon ates were stud ied in or der to in ves -
ti gate the al ter ation of sed i ments ow ing to high-tem per a ture
and diagenetic pro cesses.
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GEOLOGICAL FRAMEWORK 
AND SECTION STUDIED

The Grybów Nappe (Œwidziñski, 1963), known also as
Ropa-Pisarzowa Unit (Kozikowski, 1956), be longs to the Fore
Magura Group of nappes of the Pol ish Outer Carpathians. The
Grybów Nappe, con sist ing pre dom i nantly of Late Eocene-
 Oligocene de pos its (Kozikowski, 1956; Sikora, 1960;
Oszczypko-Clowes and Oszczypko, 2004; Oszczypko-Clowes
and Œl¹czka, 2006; Oszczypko-Clowes, 2008; Oszczypko and
Oszczypko-Clowes, 2011), is known from tec tonic win dows in
the Magura Nappe (Fig.1; see also Ksi¹¿kiewicz, 1972). The
GTW is lo cated ca. 2 km south of the Magura Nappe front and
12 km east of Nowy S¹cz (Fig. 1), be tween Grybów and
Librantowa (Œwidziñski, 1963).

The Eocene of the Grybów Suc ces sion is rep re sented by
green, grey, and black shales, with in ter ca la tions of fine- to me -
dium-grained glauconitic sand stones, known as the Hi ero glyphic 
Beds (Sikora, 1960, 1970) or the Klêczany Beds (Kozikowski,
1956). The Up per Eocene green ish cal car e ous mudstones are
equiv a lent to the Sub-Menilite Globigerina Marls, be ing a key-ho -

ri zon for all units of the Outer Carpathians (Olszewska, 1983;
Oszczypko [Clowes], 1996; Leszczyñski, 1997).

The Oligocene is rep re sented by a se ries of 150 m thick
green, grey, and brown ish-black marls, and marly shales
interbedded with thin- to me dium-bed ded, micaceous, and
glauconitic sand stones as signed to the Sub-Grybów Beds
(S-GB; Kozikowski, 1956). The S-GB turn into the Grybów Marl
For ma tion (GMF; Oszczypko-Clowes and Œl¹czka, 2006),
called also Grybów shales (Uhlig, 1888; Sikora, 1960) or
Grybów Beds (Kozikowski, 1956), de vel oped as a se ries up to
200 m thick black and brown ish-black, platy-split ting marls with
rare in ter ca la tions of grey marls and sand stone. Within the up -
per part of this se ries, thick lenses of ferruginous dolomites oc -
cur. Si li ceous brown marls with cherts and hornstone lay ers ap -
pear in the high est part of the GMF (Figs. 2 and 3).

Up wards in the sec tion there is a 200 m thick se quence of
grey, cal car e ous shales and thin- to me dium-bed ded,
micaceous sand stones, the so-called the Cergowa Beds (up per 
Oligocene; Œl¹czka, 1971; Koráb and Durkoviè, 1978). The
sec tion up to 300 m along the south ern trib u tary of the
Strzylawka Stream ex poses the tran si tion of the GMF to the
Cergowa Beds (Figs. 2 and 3).
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Fig. 1. Location of the study site

A – sim pli fied geo log i cal map of the cen tral part of the Pol ish Carpathians (af ter ̄ ytko et al., 1989; Lexa et al., 2000, mod i fied); B – sche matic
map of the East Al pine-Carpathian-Pannonian ba sin sys tem (af ter Kovaè et al., 1998, mod i fied); PKB – Pieniny Klippen Belt; tec tonic win -
dows: 1 – Mszana Dolna, 2 – Szczawa, 3 – Klêczany–Pisarzowa, 4 – Ropa, 5 – Grybów, 6 – Uœcie Gorlickie, 7 – Œwi¹tkowa Wielka, 8 –
Smilno; BU – Bystrica Slice, KU – Krynica Slice, RU – Raèa Slice, SU – Siary Slice

https://gq.pgi.gov.pl/article/view/8987
https://gq.pgi.gov.pl/article/view/7480
https://gq.pgi.gov.pl/article/view/16159
https://gq.pgi.gov.pl/article/view/16159
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Fig. 2. Simplified geological map of the Grybów tectonic window (after Œl¹czka, 1971, modified)

Fig. 3. Lithostratigraphic log through the Grybów Succession in the
Grybów tectonic window with location of the samples collected

Sub-G. B. – Sub-Grybów Beds, Cergowa B. – Cergowa Beds; 
fraction: S – clay-silt, F – fine, M – medium, C – coarse



SAMPLES AND ANALYTICAL PROCEDURES

The sam ples were col lected by M. Oszczypko-Clowes and
A. Œl¹czka dur ing their field work in 2002. Eigh teen sam ples of
marl, shale, and mudstone were col lected as rep re sen ta tives of 
the S-GB, GMF and Cergowa Beds.

Seven rock sam ples (one from the S-GB, four from the
GMF, and two from the Cergowa Beds) dif fer ing in li thol ogy and 
col our (black, brown, and grey) were cho sen for min er al og i cal
stud ies. The sam ples were hand-ground in an ag ate mor tar.
The min eral com po si tion of all eight sam ples was de ter mined
by X-ray dif frac tion (XRD), us ing a Philips X’Pert APD
diffractometer with a PW1870 gen er a tor and ver ti cal
goniometer PW3020, equipped with a graph ite dif frac tion beam 
mono chro ma tor. CuKa ra di a tion was used with an ap plied volt -
age of 40kV and a 30 mA cur rent. The mounts were scanned
from 2 to 65°2q at a count ing speed of 0.02° per 5s. Frac tions of 
<0.2 µm and <2 µm were sep a rated from four rock sam ples of
the GMF, ac cord ing to the Jack son pro ce dure (Jack son, 1975). 
Car bon ates, sulphates, and di va lent ex change able cat ions
were re moved by an ace tic buffer. Or ganic mat ter was oxi dised
us ing a 30% hy dro gen per ox ide so lu tion, whereas iron ox ides
were re moved us ing so dium dithionite, ac cord ing to the Mehra
and Jack son (1960) pro ce dure. The XRD data ob tained for the
ori ented slides pre pared from the sep a rated frac tions were re -
corded in air-dry con di tions af ter sat u ra tion with eth yl ene gly col
vapour and sub se quent heat ing at 330 and 550°C.

Pe trol ogy and micro struc tures were ex am ined on thin sec -
tions us ing a Nikon-Eclipse 600 POL po lar ized (trans mit ted and 
re flected) light mi cro scope. In ves ti ga tions un der blue UV light
were also per formed. The flu o res cence mi cros copy sys tem is
the Nikon-Eclipse 600 mi cro scope, which is fit ted with a
100 watt mer cury lamp equipped with an ex ci ta tion fil ter
(EX 450–490 nm), dichroic mir ror (DM 505 nm), and bar rier fil -
ter (BA 520 nm).

In or der to de ter mine the type and qual ity of the or ganic
mat ter con tained within the sam ples, nine sam ples of brown
and black shale and mudstone (two of S-GB and seven of
GMF, see Ta ble 1) were ana lysed by py rol y sis at the Petrogeo
Lab o ra tory, Kraków. Py rol y sis by Rock-Eval tech nique was car -

ried out with a Rock-Eval Model II in stru ment equipped with an
or ganic car bon mod ule (for an a lyt i cal de tails, see Espitalié et al. 
1985; Espitalié and Bordenave, 1993).

Sta ble car bon iso topes were ana lysed in the same sam ples
(Ta ble 1). The anal y sis was con ducted us ing Finnigan Delta-V
equip ment. The d13C val ues were nor mal ized to NBS-22 and
USGS-24 in ter na tional stan dards and then re ported to the in ter -
na tional Pee Dee Bel em nite (VPDB) scale (Coplen et al.,
2006). The an a lyt i cal pre ci sion was ±0.03‰.

Nine cal car e ous sam ples were also ana lysed for sta ble iso -
tope d13C(DIC) and d18O. Car bon di ox ide was re leased by re ac -
tion of 20 ml of wa ter sam ple with 0.5 ml of H3PO4 on vac uum
line and then cryo gen i cally pu ri fied for off-line anal y ses in a
Finnigan-Mat Delta E/dual in let. All d13C val ues were pre sented
rel a tive to the scale VPDB with ±0.10‰ pre ci sion. The iso to pic
anal y ses were car ried out in the Lab o ra tory of Iso tope Ge ol ogy
and Geoecology at Wroc³aw Uni ver sity.

Eight sam ples (one from S-GB, five from GMF, and two
from the Cergowa Beds, see Ta ble 2) were se lected for in or -
ganic geo chem i cal anal y sis. Sam ples were ana lysed for 11 ma -
jor ox ides (SiO2, Al2O3, Fe2O3, MgO, CaO, Na2O, K2O, TiO2,
P2O5, MnO, Cr2O3) and 45 re frac tory and Rare Earth El e ments
by in duc tively-cou pled plasma-mass spec trom e try (ICP-MS)
us ing a Perkin Elmer Elan 6000 and ICP with atomic emis sion
spec trom e try (ICP-AES) at the ACME An a lyt i cal Lab o ra to ries,
Ltd., in Van cou ver, Can ada. Sam ple pulp (2 mg in weight) was
pre pared by fus ing the sam ple with 1.5 g of lith ium bo rate in a
graph ite cru ci ble, and then heat ing at 980°C for 30 min utes.
The mol ten mix ture was poured into 100 ml of 5% HNO3. A sec -
ond 0.5 g split sam ple was di gested in Aqua Regia and ana -
lysed by ICP-MS to de ter mine Ag, As, Au, Bi, Cd, Cu, Hg, Mo,
Ni, Pb, Sb, Se, Tl, and Zn. The loss on ig ni tion (LOI) was es ti -
mated by the weight dif fer ence af ter ig ni tion at 1,000°C.

The chem i cal data ob tained for ma jor and se lected trace el -
e ments are shown in Ta ble 2. Con cen tra tions of the trace el e -
ments are nor mal ized rel a tive to alu minium to com pen sate for
di lu tion or con cen tra tion by phyllosilicates. The el e ments were
nor mal ized rel a tive to stan dards i.e. av er age shale (Wedepohl,
1971) as rep re sen ta tive of shal low-wa ter sed i ments ac cu mu -
lated un der ox i diz ing con di tions.
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Sub-G. Beds
Grybów Marl Fm. Cergowa B.

 NP 24 NP 24 NP 24 NP 24 NP 24 NP 24  NP 25

G 1/02 G 2/02 G 5/02 G 6/02 G 7/02 G 8/02 G 9/02 G 10/02 G 11/02 G 12/02 G 13/02 G 17/02

Tmax [°C] 440 441 441 444 444 446 nd. 446 444 442 nd. nd.

S1 [mg/g] 0.4  0.31 1.05 0.7   1.55 0.45 nd. 0.52 1.04 0.61 nd. nd.

S2 [mg/g] 0.67 1.27 8.74 3.68 10.34 1.2 nd. 1.85 7.53 5.17 nd. nd.

S3 [mg/g] 0.6  0.34 0.55 0.42   1.41 1.17 nd. 0.72 0.57 0.81 nd. nd.

TOC [wt.%] 0.45 0.69 3.64 0.65   6.16 1.26 nd. 0.64 3.9 2.89 nd. nd.

HI [mg HC/g TOC] 148 184 240 556 167   95 nd. 286 193 180 nd. nd.

OI [mg CO2/g TOC] 133   49   15   64   22   92 nd. 112   14 28 nd. nd.

d13Corg. [‰] nd. –27.9 –27.8 –27.1 –27.4 –27.5 nd. –27.4 –27.4 –27.7 nd. nd.

d13Ccarb. [ ‰] –1.3 nd.   –2.3 nd.   –3.4 nd. –3.1   –1.1   –4.3   –1.3 –1.7 –1.7

d18Ocarb. [‰] –1.5 nd.   –2.9 nd.   –3.5 nd. –3.7   –2.6   –4.8   –2.7 –4.8 –2.6

nd. – not de ter mined

T a  b l e  1

Rock-Eval py rol y sis data and sta ble iso to pic com po si tion (d13Corg. of or ganic mat ter, d13Ccarb. and d18Ocarb.of car bon ates) 
for se lected sam ples of the Grybów Suc ces sion, nannoplankton zones (NP 24 and NP 25) 

af ter Oszczypko-Clowes and Œl¹czka (2006)



RESULTS

MINERAL COMPOSITION

Ma te rial stud ied from the S-GB, GMF, and Cergowa Beds
is rep re sented by cal car e ous, fine-grained mudstones and
shales. XRD pat terns of the seven cho sen sam ples show the
pres ence of quartz, cal cite, Na-rich plagioclase, mus co vite, and 
clay min er als (illite-smectite and kaolinite; Fig. 4). Some of the
sam ples (G 1/02, G 15/02, G 17/02) show weak do lo mite
peaks. Ad di tion ally, the GMF is char ac ter ized by the pres ence
of he ma tite. No chlorite was found there (Fig. 4A), whereas in
the Cergowa Beds, no he ma tite was found and chlorite be -
comes ap par ent (Fig. 4B).

XRD data ob tained for the <0.2 µm frac tions of GMF in di -
cate clay min eral as sem blages in clud ing illite, mixed-lay ered
illite-smectite, and kaolinite. The per cent age of smectite in the
I/S ranges from 25 to 30% (Fig. 4C).

The brown marls are com posed mainly of a red dish ma trix
with dis persed silt-sized grains of quartz, mica, and small
foraminiferids (Fig. 5A). The dark ma trix con sists of car bon ates
and ran domly ori ented clay min er als lamellae ad mixed with ex -
tremely fine-grained Fe oxyhydroxides and or ganic mat ter. The

quartz grains are sub-an gu lar and cor roded. Foraminifer tests
are re placed by cal cite. Many spec i mens re veal in ter nal fill ing
with black or ganic mat ter.

The mudstone sam ples (G 10/02 and G 17/02) con sist of a
ma trix ce ment ing fine-grained quartz, mus co vite, plagioclase,
glauconite, or ganic de bris, and heavy min er als. There is an ob -
vi ously pre ferred ori en ta tion of mica and ag glom er a tion of OM
in an elon gated form. The ma trix con sists of clay min er als and
car bon ates, lo cally pig mented by Fe oxyhydroxides and or ganic 
mat ter (Fig. 5G). Laminae are a typ i cal sed i men tary fea ture.
They ex hibit a wide range in thick ness and types (even, dis con -
tin u ous, len tic u lar or wrin kled). The in ter nal lamina fea tures in -
clude sharp basal con tacts and tran si tional top con tacts. The
laminae are dis tin guish able due to their chang ing frac tions and
col our. Rhom bo he dra of car bon ate min er als are abun dant in
the Cergowa Beds (Fig. 5F).

ORGANIC PETROLOGY – MACERALS EXAMINATION

The dark brown and black sam ples of the GMF con tain an
abun dant maceral as sem blage that is dom i nated by
landplant-de rived com pounds of liptinite groups as so ci ated with 
mi nor amounts of vitrinite and intertynite.
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Grybów Marl Fm.
Cergowa Beds

av.sh. NP 24 NP 24 NP 24 NP 24 NP 24 NP 25

DL G 1/02 G 5/02 G 7/02 G 8/02 G 10/02 G 11/02 G 15/02 G 17/02

SiO2 [%] 0.01 40.7 34.9 45.7 40.3 29.4 41.2 40.6 43.4 58.9

Al2O3 [%] 0.01 12.2 11.5 12.5 12.0 10.7 11.2 11.3 10.4 16.7

Fe2O3 [%] 0.04   4.9   5.5   6.6   6.0   3.5   4.7   4.4   4.2   6.9

MgO [%] 0.01   4.0   1.1   1.2   1.8   1.2   1.2   2.3   3.0   2.6

CaO [%] 0.01 14.5 20.4 10.6 16.6 26.2 16.6 17.8 16.4   2.2

Na2O [%] 0.01   0.6   0.5   0.7   0.8   0.4   0.6   0.6   0.8   1.6

K2O [%] 0.01   2.4   1.9   2.4   2.4   1.7   2.2   2.3   2.0   3.6

TiO2 [%] 0.01     0.53     0.50     0.64     0.55     0.47     0.50     0.52     0.51     0.78

P2O5 [%] 0.01     0.11     0.13     0.24     0.13     0.10     0.19     0.12     0.10     0.16

MnO [%] 0.01     0.15     0.06     0.07     0.27     0.11     0.04     0.11     0.10     0.11

LOI [%] –5.1    19.7 23.2 19.1 19.1 26.1 21.4 19.8 18.9

Co [ppm] 0.2  11.8 31.2 24.2 28.0 14.2 15.0 12.0 13.2 19.0

Hf [ppm] 0.1    2.5   2.2   4.1   2.5   2.3   2.6   2.5   3.5

Th [ppm] 0.2    9.2   8.7   9.8   8.9   7.8   7.8   8.8   7.8

U [ppm] 0.1    3.2 19.3 13.1   5.8   6.4   9.6   2.5   2.3   3.7

V [ppm] 8 124 335 286 156 148 288 118 101 130

Zr [ppm] 0.1  89.3 88.3 148.7    93.6 86.5 94.5 90.3 131.2  160.0  

TOT/S [%] 0.02     0.41     2.52   1.77     0.69     0.91     1.15     0.20     0.24     0.20

Mo [ppm] 0.1      0.70   31.60 12.30     3.80     5.20   15.50     0.70     1.00     1.00

Ni [ppm] 0.1  38.4 133.3  93.8  76.3 52.6 77.7 37.7 43.1 68.0

As [ppm] 0.5    5.2 37.4 45.0  16.0 16.0 19.4   5.8   7.2 10.0

U/Th     0.35     2.22   1.34     0.65     0.82     1.23     0.28     0.29

V/Cr     1.57     3.18   2.17     1.69     1.87     2.43     1.38     1.18

V/V+Ni     0.76     0.72   0.75     0.67     0.74     0.79     0.76     0.70

Ni/Co     3.25     4.27   3.88     2.73     3.70     5.18     3.14     3.27

C/S     1.10     1.44   3.48     1.83     0.70     3.39   

DL – de tec tion limit, av. sh. – av er age shale com po si tion af ter Wedepohl (1971)

T a  b l e  2

Chem i cal com po si tion of the Grybów Suc ces sion sam ples, nannoplankton zones (NP 24 and NP 25) 
af ter Oszczypko-Clowes and Œl¹czka (2006)
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Fig. 4. XRD patterns of the whole-rock samples: A – brown marl of GMF; B – olive shale of
Cergowa Beds, the most intense peaks of the main minerals are marked; C – XRD diffractogram
for untreated, heated, and glycolated of clay separates from the Grybów Marl Formation sample

Ab – albite, Cal – calcite, Chl – chlorite, Dol – dolomite, Hem – hematite, Ilt/Sme – illite/smectite, Kln
– kaolinite, Ms – muscovite, Qz – quartz (abbreviation according to IMA, Whitney and Evans, 2010)

Fig. 5. Po lar ized (trans mit ted) light pho to mi cro graphs: A – 
brown marl of the GMF with a ma trix, pig mented by Fe
oxyhydroxides and or ganic mat ter, in which min eral de tri -
tus and foraminifera tests are dis persed, one po lar izer;
B–E – liptinite macerals and py rite grains in the GMF
brown marl, UV blue il lu mi na tion; F, G – mudstone from
the Cergowa Beds; one po lar izer (F) and crossed
polarizers (G)

Cb – car bon ate min er als, Glt – glauconite, HM – heavy min er -
als, Ms – mus co vite, Py – py rite, Qz – quartz (min eral ab bre vi -
a tions ac cord ing to Whit ney and Ev ans, 2010); L – liptinite,
TOM – terrigenous or ganic mat ter



The brown marls con tain elon gated, fi brous (10–20 µm
long), and loop-like OM which re veals or ange and yel low lu mi -
nes cence in blue light (Fig. 5B–E). They rep re sent a group of
the liptinite macerals. Alginite oc cur rence was rec og nized in the 
sam ples G 5/02 and G 10/02. Grains of black de bris,
50–100 µm across up to 500 µm in length, of ten with in ter nal
struc ture and white reflectance, are com mon (Fig. 5F, G).

The mudstone sam ples richer in min eral de tri tus are also
en riched in the or ganic de bris of vitrinite and inertinite. The or -
ganic mat ter is com monly ac com pa nied by py rite in var i ous
forms, e.g., framboids, in di vid ual crys tals, and ag glom er ates.
The framboids have a di am e ter rang ing from 3 to 15 µm. The
crys tals are 5–10 µm in size, and the mas sive lumps reach up
to 100 µm in di am e ter.

ROCK EVAL PYROLYSIS INDICES

The to tal or ganic car bon con tent of the sam ples stud ied is
0.45–6.16 wt.%. The high est val ues of TOC were ob tained for
the brown ish-black marly shales, whereas the low est or ganic
car bon con tents (<0.5 wt.% TOC) were ob tained from the grey
and ol ive-green sam ples (Ta ble 1).

The Tmax val ues range from 440 to 446°C within the GMF. In 
the Tmax vs. HI di a gram (Fig. 6), the sam ples plot in the field of
ma ture (oil-prone) Type II kerogen, with var i ous ad di tions of
type III. Cer tain con tri bu tions of Type I kerogen is rec og nized in

some sam ples (G 5/02, G 6/02, G 10/02) with higher HI
(~200 mg HC/g TOC).

STABLE ISOTOPE COMPOSITION OF ORGANIC MATTER 
AND CARBONATES

The or ganic car bon iso to pic ra tios (d13Corg) in the GTW
sam ples weakly vary be tween –27.1 and –27.9‰ (Ta ble 1 and
Fig. 7A). The mea sured d13Corg val ues re flect the na ture of or -
ganic mat ter pro duc ers, i.e. the prev a lence of ter res trial (–27‰) 
over ma rine or ganic ma te rial (–22‰; Meyers, 1994). No re la -
tion ship is ob served be tween the d13Corg val ues and HI and
TOC (Fig. 7B).

The val ues of both car bon and the ox y gen iso to pic ra tios of
car bon ates show rel a tively wide ranges: d13C –1.1 to –4.3‰
VPDB and O from –1.5 to –4.8‰ VPDB. The trends in both sta -
ble iso tope com po si tions are par al lel. The val ues de crease up -
wards in the sec tion stud ied. A pos i tive ex cur sion is noted in the
up per part of the GMF (sam ple G 10/02). A shift of d13Ccarb and
O to wards higher C and O iso tope ra tios of car bon ates typ i fies
the Cergowa Beds (Fig. 7A).

MAJOR OXIDES 

Due to the cal car e ous na ture of the Grybów Unit sam ples,
the amounts of other ma jor ox ides mea sured are lower than
those of av er age shales. The grey and light brown sam ples
(G 1/02, G 15/02, G 17/02) are en riched in MgO, the si li ceous
black shales (G 7/02) are rich in Fe2O3 and P2O5, and the brown 
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Fig. 6. Discriminant crossplot of HI vs. Tmax for or ganic
ma tu rity and kerogen type

Ma tu rity paths of in di vid ual kerogen types af ter Espitalié et al.
(1985); Rr – vitrinite reflectance scale

Fig. 7. Stable isotopic composition: A – stratigraphic variation

of d13C and d18O in carbonates, d13Corg and TOC; B, C –

correlation between d13Corg and Rock-Eval indices (TOC and HI)



marls (G 8/02) con tain more Fe2O3 and MnO (Ta ble 2 and
Fig. 8A).

There is a strong pos i tive cor re la tion be tween Al2O3 and
K2O, and TiO2 and Th (Fig. 9A–C). High con cen tra tions in these 
el e ments oc cur in the CaO-poor sam ples (G 1/02, G 7/02,
G 8/02). SiO2 dis tri bu tion through the sec tion is par al lel to Zr
(Fig. 9D) and Hf, reach ing max i mal con cen tra tions in sam ples
G 7/02 and G 17/02 (Ta ble 2). 

REDOX-SENSITIVE TRACE ELEMENTS (RSTE)

The trace el e ments con sid ered here as palaeoredox prox -
ies are: U, Mo, V, Ni, Co, As, and Cr. Re dox-sen si tive el e ments
tend to be less sol u ble un der re duc ing con di tions, re sult ing in
authigenic pre cip i ta tion in an aer o bic de pos its. Some trace met -
als are as so ci ated with or ganic mat ter and/or py rite (Breit and
Wanty, 1991; Huerta-Diaz and Morse, 1992; Morford et al.,
2005).

The vari a tion of RSTE con tent nor mal ized to Al is pre sented 
in Fig ure 8A, B. All the sam ples stud ied are more en riched in Cr
and V than is av er age shale. The dis tri bu tions of Co/Al, U/Al,
Ni/Al, As/Al, and Mo/Al in the grey and light brown sam ples
(G 1/02, G 15/02, and G 17/02) are com pa ra ble to that of av er -
age shale. The con cen tra tion of Co, U, Ni, As, and Mo in -
creases in the black and brown ish sam ples of the GMF (G 5/02, 
G 7/02, G 8/02, G 10/02, and G 11/02). The con tents of Ni, V,
Co, U, As, and Mo are cor re la tive with each other and cor re la -
tive with S and TOC (Fig. 8A, B). The TOC/S ra tios cal cu lated
for the Oligocene sam ples vary from 0.7 to 3.48.
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Fig. 8. Stratigraphic variation of major oxides and selected trace elements (A) and redox geochemical proxies
 (B) in the Oligocene strata studied

Fig. 9. Variation diagrams for major oxides and trace
elements in the Oligocene strata studied: A – Al2O3 vs. K2O; B
– Al2O3 vs. TiO2; C – Al2O3 vs. Th; D – SiO2 vs. Zr; E – V/V+Ni

vs. Ni/Co; F – V/V+Ni vs. U/Th



The trace el e ment ra tios are com monly used to de scribe
the palaeoredox con di tions. Crit i cal ranges and cut-off val ues
were adopted from Hatch and Leventhal (1992) for the V/V+Ni
ra tio and from Jones and Man ning (1994) for the V/Cr, Ni/Co,
and U/Th ra tios. V/V+Ni range from 0.67 to 0.78 in the sam ples
stud ied. The U/Th ra tio is 0.3 in the light-col oured sam ples and
0.7–2.2 in OM-rich sam ples. The V/Cr ra tios vary from 1.18 to
3.18 with V/Cr pass ing 2 in the OM-rich sam ples of the GMF
(G 5/02, G 7/02, and G 11/02; Ta ble 2 and Fig. 8B). The sam -
ples stud ied are de scribed by Ni/Co ra tios rang ing from 2.7 to
5.2 (Ta ble 2 and Fig. 8B). The di a gram of Ni/Co vs. V/V+Ni
(Fig. 9E) shows pos i tive cor re la tion be tween prox ies. U/Th vs.
V/V+Ni (Fig. 9F) plots a flat re la tion be tween in di ces.

DISCUSSION

ORIGIN AND PRESERVATION OF ORGANIC MATTER

The brown marly shales (sam ples G 5/02, G 6/02 and
G 10/02) con tain liptinite macerals, de rived mainly from the
waxy and res in ous parts of plants. A spe cial type of liptinite is
alginite con sist ing of or ganic-walled ma rine microfossils.
Alginite oc cur rence was rec og nized in sam ples G 5/02 and
G 10/02.

The mudstone sam ples (sam ples G 1/02, G 7/02, G 8/02,
and G 11/02) richer in min eral de tri tus are con com i tantly en -
riched in vitrinite and inertinite macerals. Vitrinite macerals
com pris ing tellinite and collinite (ac cord ing to Stopes, 1935) are 
de rived from the cell wall ma te rial (woody tis sues) of plants.
Inertinite macerals are formed from plant ma te rial trans formed
by in tense deg ra da tion. Liptinite macerals with trace to mi nor
amounts of vitrinite and inertinite are com po nents of types I and
II kerogen. The vitrinite group is the chem i cal equiv a lent of type
III kerogen. Inertinite rep re sents ox i dized and hy dro gen-poor
type IV kerogen (Pe ters and Moldowan, 1993).

Kerogen dom i nat ing in the Oligocene stud ied ma te rial rep -
re sents type II, which orig i nates from mix tures of zoo plank ton,
phytoplankton, bac te rial bod ies, and the outer coat ings of pol -
len, spores, and leaves. Type II kerogen is of ten ac com pa nied
by type III, de rived mostly from higher plants (sam ples G 1/02,
G 2/02, G 7/02, G 8/02, G 11/02 and G 12/02). Type I kerogen
pres ents oc ca sion ally (G 6/02), and is pre dom i nately com -
posed of the most hy dro gen-rich or ganic mat ter of al gal or bac -
te rial or i gin (Pe ters and Moldowan, 1993).

Maceral stud ies and py rol y sis data show the ter res trial na -
ture of or ganic mat ter in the ma te ri als stud ied. The con tri bu tion
of ma rine or ganic mat ter can not be ex cluded for the more pe -
lagic sam ples of the GMF (G 5/02, G 6/02 and G 10/02). The
high pro duc tiv ity of di a toms and dinoflagellates dur ing de po si -
tion of the Menilite For ma tion was fa cil i tated by a wet cli mate
and in creased wa ter run off. The ep i sodes of blooms of cal car e -
ous nannoplankton arose as a re sult of di min ish ing run off and
en hanced evap o ra tion dur ing drier phases (Sotak, 2010).

HI val ues de creas ing to 95 mg HC/g TOC in the G 08/02
sam ple might be a re sult of OM deg ra da tion, due to the ac tiv ity
of bac te rial sul phate re duc tion (Vetõ et al., 1995). Sim i lar re -
sults were ob tained for the Menilite For ma tion of the Outer
Carpathians (Kotarba and Koltun, 2006) and other Oligocene
units, such as the Ruslar For ma tion of the Kamchia De pres sion
within the East ern Paratethys (Sachsenhofer et al., 2009), and
the Tard Clay of the Hun gar ian Paleogene Ba sin (Bechtel et al., 
2012).

The pos i tive ex cur sion of d13Corg in sam ple G 6/02, cor re lat -
ing with high HI val ues and a slight per cent age of ter res trial
macerals, in di cates the ma rine or i gin of OM be cause al gal ma -
te rial com prises heavier iso topes in com par i son to fresh wa ter
or ganic mat ter (Meyers, 1994; Bechtel et al., 2012). 

The in creased d13Corg in the sam ple G 6/02 is as so ci ated
with lower CaO con tents and might be ex plained by a drop in
dis solved in or ganic car bon. The most pos si ble cause of heavy
car bon rise is bio-pro duc tiv ity in the sur face wa ter.

A sim i lar pat tern was de scribed for the Oligocene suc ces -
sion in the Aus trian Molasse Ba sin (Schulz et al., 2002) and
Hun gar ian Paleogene Ba sin (Bechtel et al., 2012). Neg a tive
val ues of d13Corg within the GMF (G 7/02, G 8/02, G 10/02,
G 11/02, and G 12/02) are prob a bly re lated to ma rine in cur sion.
Ma rine trans gres sion could have over turned the wa ter col umn
and re leased 12C-rich CO2, which, used by pri mary pro duc ers,
led to d13Corg de creas ing (Bechtel et al., 2012). It seems to be
the ex pla na tion of org. of the marly sam ple G 10/02. As a con se -
quence of flood ing, higher amounts of terrigenous, light-iso tope
OM also was able to be de liv ered into the ba sin that is as sessed 
for the mudstone sam ples (G 7/02, G 8/02, G 11/02 and
G 12/02).

DEPOSITIONAL ENVIRONMENTS 
AND DIAGENETIC THERMAL ALTERATION

Kaolinite com prises sec ond ary min er als pro duced by the in -
tense weath er ing of alu mi num sil i cates such as feld spars. It is
abun dant in the sam ples stud ied, and is as so ci ated with
interstratified illite/smectite (I/S). The (I/S) is po ten tially use ful
as a palaeotemperature in di ca tor. The pro gres sive trans for ma -
tion of smectite to illite is pri mar ily con trolled by tem per a ture
(Pollastro, 1993; Œrodoñ, 1995). The ther mal al ter ation of the
GMF re flects palaeotemperatures reach ing 140°C. It cor re -
sponds with data ob tained by Œwierczewska (2005) for the
Smilno and Œwi¹tkowa tec tonic win dows. The ther mal al ter ation 
was ac com plished be fore the Magura Nappe was thrusted into
its cur rent struc tural po si tion.

Rel a tively con stant amounts of Al2O3, with vary ing CaO
con tents, sug gest that de po si tion took place un der hemipelagic
con di tions. The SiO2 dis tri bu tion through the sec tion is sim i lar to 
that of Zr and Hf, reach ing max i mal con cen tra tions in the sam -
ples G 7/02 and G 17/02. These sam ples con tain chlorite, mus -
co vite, and heavy min er als (see chap ter Min eral com po si tion),
be ing typ i cal terrigenous com po nents.

The sta ble car bon iso tope com po si tion of car bon ates
(d13Ccarb) is a use ful in di ca tor of the sa lin ity de gree in the de po si -
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Fig. 10. Plot of some samples of the Grybów Succession
within the organic carbon vs. sulphur variation diagram

 of Wignall (1994)



tion en vi ron ment. Ac cord ing to An der son and Ar thur (1983), a
de crease in d13Ccarb sug gests de creas ing sa lin ity. In this con -
text, it is most likely that the sam ples G 1/02, G 5/02 and G 7/02
of the GMF rep re sent a ma rine en vi ron ment in flu enced by
fresh wa ter in flow. In ad di tion, light-iso tope C could have been
pro duced by microbialites de com po si tion or have been re -
leased from meth ane bur ied in sed i ment (Peryt and Scholle,
1996; Bojanowski, 2007). Light d13Ccarb val ues ob tained in the
Oligocene lime stone in the Œwi¹tkowa Wielka tec tonic win dow
in di cate that the authigenic cal cite pre cip i tated as a re sult of the
an aer o bic ox i da tion of meth ane. Pos i tive shifts of d13Ccarb in the
sam ples G 10/02, G 12/02, G 13/02, and G 17/02 can in di cate
that bal anced ma rine con di tions re-oc cu pied the ba sin at the
end of the de po si tion pe riod stud ied. Soták (2010) pos tu lated
that light en ing of the car bon and ox y gen iso topes of the black
shales from the Menilite For ma tion re sulted from the bac te rial
ox i da tion of or ganic mat ter. An in tense in flu ence of fresh wa ter
could not be ex cluded. Pos i tive ex cur sions in d13C and d18O
might be linked with high coccolith pro duc tiv ity in sur face wa ters 
rich in dis solved in or ganic car bon.

The ox y gen iso topes are sen si tive to tem per a ture changes
(Tucker and Wright, 1990; Hoefs, 1997). If diagenetic
recrystallisation had in flu enced the car bon ates, O would have
re flected the tem per a ture of the sec ond ary car bon ate pre cip i ta -
tion. The en rich ment in light ox y gen iso topes can be a con se -
quence of diagenetic hot fluid ac tiv ity. The dis crep ancy be -
tween the pat terns of d13C and d18O of the car bon ates (most
vis i ble in sam ple G 13/02: d13C = –1.68‰; d18O = –4.80‰) sug -
gests that enough flu ids have passed through the GMF to al ter
the d18O but not enough to al ter the d13C (Jacobsen and
Kaufman, 1999). Anal o gous iso to pic O com po si tion was re -
corded in the Oligocene lime stone in the Œwi¹tkowa Wielka tec -
tonic win dow. The pro por tion of bi car bon ate pro duced by the
ox i da tion of meth ane (be ing a source of rel a tively light C and
heavy O) to bi car bon ate pro duced by the ox i da tion of or ganic
mat ter (be ing a source of rel a tively heavy C and light O) de -
creased up wards. As a re sult, the lime stone iso to pic com po si -
tion changed up wards to wards higher d13C and lower d18O val -
ues (Bojanowski, 2012).

Re dox in di ca tors. Py rite framboids, con cre tions, and mas -
sive infills and overgrowths that are com mon in the ma te ri als
stud ied are in ter preted as pref er en tially formed in sed i ments
near the re dox tran si tion (Wignall and New ton, 1998). The for -
ma tion of py rite nu clei prob a bly be gan in the wa ter col umn. Py -
rite growth con tin ued in the sed i ment dur ing diagenesis.

Car bon–sul phur re la tion ships. The re dox con di tions dur -
ing sed i ment ac cu mu la tion may in flu ence var i ous car bon–sul -
phur in ter ac tions. The sed i ments ac cu mu lated un der nor mal
ma rine con di tions show a pos i tive cor re la tion be tween S and
Corg. A lack of cor re la tion be tween them and a pos i tive in ter cept
on the S axis in the S vs. TOC di a gram sug gests anoxic con di -
tions. The TOC/S ra tios be tween 0.5 and 5 de scribe anoxic
con di tions (Berner and Raiswell, 1983). The TOC/S ra tios cal -
cu lated for the Oligocene sam ples vary from 0.7 to 3.48, in di -
cat ing anoxic con di tions. In the TOC–S plots (Fig. 10), many
sam ples (G 1/02, G 7/02, G 8/02 and G 11/02) are lo cated
within “nor mal ma rine” fields. Two sam ples (G 5/02 and
G 10/02) seem to be anoxic.

Re dox-sen si tive trace el e ments. Con cen tra tions of U,
Mo, Co, As, Ni and V in crease up wards in the black and brown
sam ples of the GMF. Ura nium is in cor po rated into sed i ments
af ter re duc tion to U4+, stim u lated by sul phate-re duc ing bac te ria
(Barnes and Cochran, 1990; Sani et al., 2004; Morford et al.,
2005), there fore U is con cen trated in OM-rich de pos its, of ten
with py rite as so ci a tion.

Mo lyb de num is scav enged by Fe-sulphides and humic sub -
stances in re duc ing con di tions (Helz et al., 1996; Vorlicek et al.,
2004). Co balt is as so ci ated with or ganic ac ids, and it has an af -
fin ity with Fe-sulphides that serves as a car rier min eral also for
As and Ni (Huerta-Diaz and Morse, 1992). Nickel is also pre -
served in pyrrole com plexes in anoxic/euxinic con di tions (Levan 
and Maynard, 1982).

The humic and fulvic ac ids fa cil i tate the pres ence of
vanadate and vanadyl com pounds (Wil son and Weber, 1979).
Un der euxinic con di tions, V may be scav enged by por phy rins or 
be pre cip i tated as a solid oxihydroxide phase (Breit and Wanty,
1991). The ac cu mu la tion of U, Mo, Co, As, Ni, and V can be as -
so ci ated with py rite pre cip i ta tion e.g. in the OM-rich, anoxic sed -
i ments of the GMF (G 5/02, G 7/02, G 8/02, G 10/02 and
G 11/02). Va na dium seems to be hosted by or ganic mat ter in
the GMF, in di cat ing re duc ing con di tions.

Due to dif fer ences in the be hav iour of Ni and V in an an aer -
o bic en vi ron ment, the V/V+Ni ra tio has been used as a re dox in -
dex. The ranges in ra tio of 0.46–0.6 and 0.54–0.82 char ac ter ise 
dysoxic and anoxic con di tions, re spec tively, whereas V/V+Ni
>0.84 typ i fies an euxinic en vi ron ment (Lewan and Maynard,
1982; Hatch and Leventhal, 1992). In the sam ples stud ied, the
V/V+Ni range of 0.67 to 0.78 sug gests anoxic con di tions (Ta -
ble 2 and Fig. 8B).

The U/Th ranges from 0.75 to 1.25, and >1.25 in di cates
dysoxic and anoxic con di tions, re spec tively (Jones and Man -
ning, 1994). The U/Th ra tio for the de pos its stud ied im plies a
change of aer o bic to dysoxic–anoxic en vi ron ment (Ta ble 2 and
Fig. 8B).

V/Cr > 2 is re garded as be ing in dic a tive of euxinic bot tom
wa ters, whereas the V/Cr < 1 typ i fies nor mal oxic con di tions
(Dill, 1986; Jones and Man ning, 1994). The ra tio of the sam ples 
in di cates an oxic en vi ron ment chang ing to re duc ing con di tions
in the OM-rich sam ples of the GMF.

The Ni/Co ra tio is < 5 in the shales of nor mal oxic con di tions. 
Ni/Co val ues of 5 to 7 in di cate dysoxic con di tions, whereas
Ni/Co >7 is known as an anoxic sig na ture (Jones and Man ning,
1994). The Ni/Co ra tios ob tained in di cate an aer o bic en vi ron -
ment with a dysoxic out lier in G 11/02.

The pos i tive cor re la tion be tween Ni/Co and V/V+Ni
(Fig. 9E) shows that the in di ca tors are re li able. The flat re la tion
be tween U/Th and V/V+Ni (Fig. 9F) sug gests that trace el e ment 
con tents ex pe ri enced diagenetic in flu ence.

CONCLUSIONS

De po si tion of the Grybów Marl For ma tion took place un der
hemipelagic con di tions. The ma rine en vi ron ment was oc ca -
sion ally in flu enced by an in flow of fresh wa ter, de liv er ing min eral 
de tri tus and or ganic mat ter. Then bal anced ma rine con di tions
were re-es tab lished dur ing the de po si tion of the up per part of
the GMF and the Cergowa Beds.

Macerals as sem blage, type II kerogen, and low d13Corg. in di -
cate land-plants as the main pro duc ers of or ganic mat ter.
Fluvially-sup plied nu tri ents could have ini ti ated a plank ton
bloom. The high hy dro gen in dex, the alginite oc cur rence, and
the mi nor pos i tive ex cur sion in d13Corg. sug gest an al gal con tri -
bu tion to the bio mass, par tic u larly ob vi ous in G 5/02, G 06/02,
and G 10/02. The deg ra da tion of the or ganic mat ter fa cil i tated
an anoxic en vi ron ment in the wa ter col umn.

Anoxic to euxinic con di tions pre vailed in the wa ter-col umn
in clud ing photic zone dur ing the de po si tion of the up per part of
the GMF. This is prob a bly linked to the Oligocene anoxic event,
re flected by the wide spread bi tu mi nous fa cies (e.g., the Menilite 
For ma tion of the Outer Carpathians, Maykop Shale of the East -
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ern Paratethys, and the Meletta shales of the Sub-Al pine
Molasse).

The illitisation of smectite and the en rich ment in light d18O
are prob a bly re sults of the in flu ence of diagenetic hot flu ids. The 
morphotypes of py rite and the er ratic be hav iour of the trace el e -
ments show that the sed i ment un der went diagenetic
pyritisation.

Ac knowl edge ments. The au thor is grate ful to J. Soták and 
to two anon y mous re view ers for their valu able re marks and im -
prove ments to the Eng lish ver sion of the manu script. Many
thanks to T. Peryt for ed i to rial work. The re search was un der -
taken as part of a pro ject of the Pol ish Min is try of Sci ence and
Higher Ed u ca tion grant (No. N N307 531038).

REFERENCES

Andreson, T.F., Ar thur, M.A., 1983. Sta ble iso tope of ox y gen and
car bon and their ap pli ca tion to sedimentologic and
paleoenvironmental prob lems. SEPM Short Course, 10: 1–151.

Báldi, T., 1980. The early his tory of the Paratethys. Bul le tin of Hun -
gar ian Geo log i cal So ci ety, 110: 456–472.

Barnes, C.E., Cochran, J.K., 1990. Ura nium re moval in oce anic
sed i ments and the oce anic U bal ance. Earth and Plan e tary Sci -
ence Let ters, 97: 94–101.

Bechtel, A., Hámor-Vidó, M., Gratzer, R., Sachsenhofer, R.F.,
Püttmann, W., 2012. Fa cies evo lu tion and strati graphic cor re la -
tion in the early Oligocene Tard Clay of Hun gary as re vealed by
maceral, biomarker and sta ble iso tope com po si tion. Ma rine and 
Pe tro leum Ge ol ogy, 35: 55–74.

Berner, R.A., Raiswell, R., 1983. Burial of or ganic car bon and py -
rite sul fur ion sed i ments over Phanerozoic time: a new the ory.
Geochimica et Cosmochimica Acta, 47: 855–862. 

Breit, G.N., Wanty, R.B., 1991. Va na dium ac cu mu la tion in car bo na -
ceous rocks: A re view of geo chem i cal con trols dur ing de po si tion 
and diagenesis. Chem i cal Ge ol ogy, 91: 83–97.

Bojanowski, M.J., 2007. Oligocene cold-seep car bon ates from the
Carpathians and their in ferred re la tion to gas hy drates. Fa cies,
53: 347–360.

Bojanowski, M.J., 2012. Geo chem i cal paleogradient in pore wa -
ters con trolled by AOM re corded in an Oligocene lam i nated
lime stone from the Outer Carpathians. Chem i cal Ge ol ogy,
292–293: 45–56.

Coplen, T.B., Brand, W.A., Gehre, M., Gröning, M., Meijer, H.J.,
Toman, B., Verkouteren, R.M., 2006. New guide lines for d13C
mea sure ments. An a lyt i cal Chem is try, 78: 2439–2441.

Dill, H.,1986. Metallogenesis of Early Pa leo zoic graptolite shales
from the Graefenthal Horst (North ern Ba varia-Fed eral Re pub lic
of Ger many). Eco nomic Ge ol ogy, 81: 889–903.

Espitalié, J., Bordenave, M.L., 1993. Screen ing tech niques for
source rock eval u a tion: tools for source rocks rou tine anal y sis:
Rock-Eval py rol y sis. In: Ap plied Pe tro leum Geo chem is try (ed.
M.L. Bordenave): 237–272. 

Espitalié, J., Deroo, G., Mar quis, F., 1985. La pyrolyse Rock-Eval
et ses ap pli ca tions. PremiÀre partie. Oil & Gas Sci ence and
Tech nol ogy – Re vue de l’Institut Francais du Petrole, 40:
563–579.

Hatch, J.R., Leventhal, J.S., 1992. Re la tion ship be tween in ferred
re dox po ten tial of the depositional en vi ron ment and geo chem is -
try of the Up per Penn syl va nian (Mis sou rian) stark shale mem -
ber of the Den nis Lime stone, Wabaunsee County, Kan sas,
USA. Chem i cal Ge ol ogy, 99: 65–82.

Helz, G.R., Miller, C.V., Charnock, J.M., Mosselmans, J.F.W.,
Pattrick, R.A.D., Gar ner, C.D., Vaughan, D.J., 1996. Mech a -
nisms of mo lyb de num re moval from the sea and its con cen tra -
tion in black shales: EXAFS ev i dence. Geochimica et
Cosmochimica Acta, 60: 3631–3642.

Hoefs, J., 1997. Sta ble Iso tope Geo chem is try, Springer-Verlag, 201 
pp.

Huerta-Diaz, M.A., Morse, J.W., 1992. Pyritization of trace met als
in anoxic ma rine sed i ments. Geochimica et Cosmochimica
Acta, 56: 2681–2702. 

Jack son, M.L., 1975. Soil Chem i cal Anal y sis - Ad vanced Course.
Mad i son, Wis con sin.

Jacobsen, S.B., Kaufman, A.J., 1999. The Sr, C and O iso to pic
evo lu tion of Neoproterozoic sea wa ter. Chem i cal Ge ol ogy, 161:
37–57.

Jones, B., Man ning, D.A.C., 1994. Com par i son of geo chem i cal in -
di ces used for the in ter pre ta tion of palaeoredox con di tions in an -
cient mudstones. Chem i cal Ge ol ogy, 111: 111–129.

Koráb, T., Ïurkoviè, T., 1978. Ge ol ogy of Dukla Unit (Flysch of the
East ern Slovakia) (in Slo vak). SGÚDŠ, Bratislava, 194 pp.

Kotarba, M., Koltun, Y.V., 2006. Or i gin and hab i tat of hy dro car bons
of the Pol ish and Ukrai nian parts of the Carpathian Prov ince.
AAPG Mem oir 84: 395–443.

Kotlarczyk, J., 1979. Uwagi o wieku margli bakulitowych (margli z
Wêgierki) w œwietle formalnej rewizji oznaczeñ fauny
g³owonogów i inoceramów (in Pol ish). Sprawozdania z
Posiedzeñ Komisji Naukowych PAN Kraków, VII–XII 1977:
103–105.

Kotlarczyk, J., Leœniak, T., 1990. Lower part of the Menilite For ma -
tion and re lated Futoma Di at o mite Mem ber in the Skole unit of
the Pol ish Carpathians (in Pol ish with Eng lish sum mary).
Wydawnictwo AGH, Kraków, 74 pp. 

Kovaè, M., Nagymarosy, A., Oszczypko, N., Œl¹czka, A.,
Csontos, L., Marunteanu, M., Matenco, L., Marton, E., 1998.
Palinspastic re con struc tion of the Carpathian-Pannonian re gion 
dur ing the Mio cene. In: Geodynamic De vel op ment of the West -
ern Carpathias (ed. M. Rakus): 189–217. Slo vak Geo log i cal
Sur vey, Bratislava.

Kozikowski, H., 1956. Ropa–Pisarzowa unit, a new tectonit unit of
the Pol ish flysch Carpathians (in Pol ish with Eng lish sum mary).
Biuletyn Instytutu Geologicznego, 110: 93–137.

Ksi¹¿kiewicz, M., 1972. Budowa geologiczna Polski, t. IV
Tektonika, cz. 3 Karpaty. Wyd. Geol., Warszawa, 228 pp.

Leszczyñski, S., 1997. Or i gin of the Sub-Menilite Globigerina Marl
(Eocene–Oligocene tran si tion) in the Pol ish Outer Carpathians.
Annales Societatis Geologorum Poloniae, 67: 367–427.

Lewan, M.D., Maynard, J.B., 1982. Fac tors con trol ling en rich ment
of va na dium and nickel in the bi tu men or or ganic sed i men tary
rocks. Geochimica et Cosmochimica Acta, 46: 2547–2560.

Lexa, J., Bezak, V., Elecko, M., Mello, J., Polak, M., Potfaj, M.,
Vozar, J., 2000. Geo log i cal map of West ern Carpathians and
ad ja cent ar eas 1:500,000. Geol. Surv. Slo vak Re pub lic,
Bratislava.

Mehra, O.P., Jack son, M.L., 1960. Iron ox ide re moval from soils
and clays by a dithionite-ci trate sys tem buf fered with so dium bi -
car bon ate. Clays and Clay Min er als, 7: 317–327.

Meyers, P.A., 1994. Pres er va tion of source iden ti fi ca tion of sed i -
men tary or ganic mat ter dur ing and af ter de po si tion. Chem i cal
Ge ol ogy, 144: 289–302. 

Morford, J.L., Em er son, S.R., Breckel, E.J., Kim, S.H., 2005.
Diagenesis of oxyanions (V, U, Re, and Mo) in pore wa ters and
sed i ments from a con ti nen tal mar gin. Geochimica et
Cosmochimica Acta, 69: 5021–5032.

Olszewska, B., 1983. A con tri bu tion of the knowl edge of plank tonic
foraminifers of the Globigerina Submenilite Marls of the Pol ish

Depositional redox conditions of the Grybów Succession (Oligocene, Polish Carpathians)... 613



Outer Carpathians (in Pol ish with Eng lish sum mary). Kwartalnik
Geologiczny, 27 (3): 547–570.

Oszczypko (Clowes), M., 1996. Cal car e ous nannoplankton of the
Globigerina Marls (Leluchów Marls Mem ber), Magura Nappe,
West Carpathians. Annales Societatis Geologorum Poloniae,
66: 1–15.

Oszczypko, N., Oszczypko-Clowes, M., 2011. Stra tig ra phy and
tec ton ics of the Œwi¹tkowa Wielka Tec tonic Win dow (Magura
Nappe, Polish Outer Carpathians). Geologica Carpathica, 62:
139–154.

Oszczypko-Clowes, M., 2008. The stra tig ra phy of the Oligocene
de pos its from the Ropa tec tonic win dow (Grybów Nappe, West -
ern Carpathians, Po land). Geo log i cal Quar terly, 52 (2):
127–142.

Oszczypko-Clowes, M., Oszczypko, N., 2004. The po si tion and
age of the youn gest de pos its in the Mszana Dolna and Szczawa
tec tonic win dows (Magura Nappe, West ern Carpathians, Po -
land). Acta Geologica Polonica, 54: 339–367.

Oszczypko-Clowes, M., Œl¹czka, A., 2006. Nannofossil
biostratigraphy of the Oligocene de pos its in the Grybów tec tonic 
win dow (Grybów Unit, West ern Carpathians, Po land).
Geologica Carpathica, 57: 473–482.

Peryt, T.M., Scholle, P.A., 1996. Re gional set ting and role of me te -
oric wa ter in do lo mite for ma tion and diagenesis in an evaporite
ba sin: stud ies in the Zechstein (Perm ian) de pos its of Po land.
Sedimentology, 43: 1005–1023.

Pe ters, K.E., Moldowan, J.M., 1993. The Biomarker Guide, In ter -
pret ing Mo lec u lar Fos sils in Pe tro leum and An cient Sed i ments.
Prentice Hall, Englewood Cliffs, NJ United States. 

Pollastro, R., 1993. Con sid er ations and ap pli ca tions of the
illite/smectite geothermometer in hy dro car bon-bear ing rocks of
Mio cene to Mis sis sip pian age. Clays and Clay Min er als, 41:
119–133.

Popov, S.V., Akhmetíev, M.A., Zaporozhets, N.I., Voronina, A.A.,
Stolyarov, A.S., 1993. Evo lu tion of East ern Paratethys in the
late Eocene–early Mio cene. Stra tig ra phy and Geo log i cal Cor re -
la tion, 1: 10–39.

Popov, S.V., Rögl, F., Rozanov, A.Y., Steininger, F.F., Shcherba,
I.G., Kovac, M., 2004. Lithological–Paleogeographic maps of
Paratethys – 10 maps Late Eocene to Plio cene. Cou rier
Forschungsinstitut Senckenberg, 250: 1–46.

Rögl, F., 1999. Med i ter ra nean and Paratethys. Facts and hy poth e -
ses of an Oligocene to Mio cene paleogeography (short over -
view). Geologica Carpathica, 50: 339–349.

Rusu, A., 1988. Oligocene events in Transylvania (Ro ma nia) and
the first sep a ra tion of Paratethys. Dari de Seama ale Institutului
de Geologie ºi Geofizicã, 72–73: 207–223.

Sachsenhofer, R.F., Schulz, H.-M., 2006. Ar chi tec ture of Lower
Oligocene source rocks in the Al pine Fore land Ba sin: a model
for syn- and postdepositional source rock fea tures in the
Paratethyan Realm. Pe tro leum Geoscience, 12: 363–377.

Sachsenhofer, R.F., Stummer, B., Georgiev, G., Dellmour, R.,
Bechtel, A., Gratzer, R., Coric, S., 2009. Depositional en vi ron -
ment and hy dro car bon source po ten tial of the Oligocene Ruslar
For ma tion (Kamchia De pres sion; west ern Black Sea). Ma rine
and Pe tro leum Ge ol ogy, 26: 57–84.

Sani, R.K., Peyton, B.M., Amonette, J.E., Geesey, G.G., 2004.
Re duc tion of ura nium(VI) undersulfate-re duc ing con di tions in
the pres ence of Fe(III)-(hydr)ox ides. Geochimica et
Cosmochimica Acta, 68: 2639–2648.

Schulz, H.-M., Sachsenhofer, R.F., Bechtel, A., Polesny, H., Wag -
ner, L., 2002. The or i gin of hy dro car bon source rocks in the
Aus trian Molasse Ba sin (Eocene–Oligocene tran si tion). Ma rine
and Pe tro leum Ge ol ogy, 19: 683–709.

Schulz, H.M., Bechtel, A., Sachsenhofer, R.F., 2005. The birth of
the Paratethys dur ing the Early Oligocene: from Tethys to an an -

cient Black Sea an a logue? Global and Plan e tary Change, 49:
163–176.

Sikora, W., 1960. On the stra tig ra phy of the se ries in the tec tonic
win dow at Ropa near Gorlice (West ern Carpathians) (in Pol ish
with Eng lish sum mary). Kwartalnik Geologiczny, 4 (1): 153–170.

Sikora, W., 1970. Ge ol ogy of the Magura Nappe be tween Szymark
Ruski and Nawojowa (in Pol ish with Eng lish sum mary). Biuletyn
Instytutu Geologicznego, 235: 5–121.

Œl¹czka, A., 1971. Ge ol ogy of the Dukla Unit (in Pol ish with Eng lish
sum mary). Prace Instytutu Geologicznego, 1: 1–63.

Soták, J., 2010. Paleoenvironmental changes across the
Eocene-Oligocene bound ary: in sights from the Cen -
tral-Carpathian Paleogene Ba sin. Geologica Carpathica, 61:
1–26.

Stopes, M.C., 1935. On the pe trol ogy of banded bi tu mi nous coals.
Fuel, 14: 4–13.

Œrodoñ, J., 1995. Re con struc tion of max i mum paleotemperatures
at pres ent ero sional sur face of the Up per Silesia Ba sin, based
on the com po si tion of illite/smectite in shales. Studia Geologica
Polonica, 108: 9–22. 

Œwidziñski, H., 1963. Les couches de Grybów et leur im por tance
pour latectonique des Karpates. Re sume des com mu ni ca tions.
Congr. Geol. Ass. Karp.-Balk., 6: 191–193. Warszawa–Kraków. 

Œwierczewska, A., 2005. Illite-smectite as an in di ca tor of vari able
up lift in the Magura Nappe (Outer Carpathians). Polskie
Towarzystwo Mineralogiczne Prace Specjalne, 25: 381–386.

Tucker, M.E., Wright, V.P., 1990. Car bon ate Sedimentology.
Blackwell, Ox ford. 

Uhlig, V., 1888. Ergebnisse geologischer Aufnahmen in den
westgalizischen Karpathen. Jahrbuch der Geologischen
Reichsanstalt, 38: 85–264. 

Vetö, I., 1987. An Oligocene sink for or ganic car bon: upwelling in the 
Paratethys? Palaeo ge ogra phy, Palaeoclimatology, Palaeo ec ol -
ogy, 60: 143–153.

Vetõ, I., Hetényi, M., Demény, A., Hertelendi, E., 1995. Hy dro gen
in dex as re flect ing sulphidic diagenesis in non-bioturbated
shales. Or ganic Geo chem is try, 22: 299–310. 

Vorlicek, T.P., Kahn, M.D., Kasuza, Y., Helz, G.R., 2004. Cap ture of 
mo lyb de num in py rite-form ing sed i ments: role of ligand-in duced 
re duc tion by polysulfides. Geochimica et Cosmochimica Acta,
68: 547–556.

Wedepohl, K.H., 1971. En vi ron men tal in flu ences on the chem i cal
com po si tion of shales and clays. In: Phys ics and Chem is try of
the Earth (eds. L.H. Ahrens, F. Press, S.K. Run corn and H.C
Urey): 307–331. Pergamon, Ox ford.

Whit ney, D.L., Ev ans, B.W., 2010. Ab bre vi a tions for names of
rock-form ing min er als. Amer i can Min er al o gist, 95: 185–187.

Wignall, P.B., 1994. Black Shales. Ox ford Uni ver sity Press, Ox ford.

Wignall, P.B., New ton, R., 1998. Py rite framboid di am e ter as a
mea sure of ox y gen de fi ciency in an cient mudrocks. Amer i can
Jour nal of Sci ence, 298: 537–552.

Wil son, S.A., Weber, J.H., 1979. An EPR study of the re ac tion of
va na dium (IV) by fulvic acid. Chem i cal Ge ol ogy, 26: 345–354.

Ziegler, P., Roure, F., 1999. Pe tro leum sys tems of Al pine-Med i ter -
ra nean foldbelts and bas ins. Geo log i cal So ci ety Lon don Spe cial 
Pub li ca tions, 156: 517–540.

¯ytko, K., Gucik, S., Ry³ko, W., Oszczypko, N.,. Zaj¹c, R.,
Garlicka, L., Nemèok, J., Eliaš, M., Menèik, E., Dvorak, J.,
Stranik, Z., Rakuè, M., Matejovska, O., 1989. Geo log i cal map
of the West ern Outer Carpathians and their fore land with out
Qua ter nary for ma tions. In: Geo log i cal At las of the West ern
Outer Carpathians and Their Fore land. Pañstwowy Instytut
Geologiczny, Warszawa.

614 Patrycja Wójcik-Tabol


	Table of Contents
	Patrycja WÓJCIK-TABOL – Depositional redox conditions of the Grybów Succession (Oligocene, Polish Carpathians) in the light of petrological and geochemical indices 603


