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Abstract: To optimize exploration for new hydrocarbon accumulations in the Polish Outer Carpathians, it is nec-
essary to concentrate attention on identification of hydrocarbon accumulations of the “shale-gas” type. Results
of recently completed analysis suggested new such possible targets in the Magura Basin, preserved in the Outer
Carpathian Magura Nappe. Analysis of the preliminary results of paleoenvironmental and geochemical studies
of these shales is the subject of this paper. Micropaleontological and geochemical study was conducted on the
300 m thick Swigtkowa Member, the uppermost part of the Ropianka Formation located in the external, north-
ernmost Siary Zone. This member is composed of thin- and medium-bedded sandstones interbedded by green,
brown, black and dark-gray shales. Poor and changeable oxygenation is reflected in the composition of foramin-
iferal assemblages. A negative correlation between the TOC content and numbers and diversity of foraminifera is
observed. The paleogeographic position and paleoenvironment assessment indicates that the Siary Zone fulfills
certain conditions for organic productivity and preservation during the deposition of the Ropianka Formation.
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INTRODUCTION

The estimation of the gas generating potential of
the shale successions of Poland is currently a sub-
ject of the intensive studies conducted by indus-
trial, governmental, and scientific organizations.
The effective facilitation of this promising pe-
troleum system requires a better understanding
of the causal relationships between several con-
trolling factors like the accumulation and dis-
tribution of organic matter in the shale reser-
voirs, thermal, diagenetic, and tectonic history,
as well as geomechanical properties (frackability

among the others) determining conditions of gas
exploitation.

The Outer Carpathian nappes contain sever-
al organic-rich successions. The conditions favor-
able for the increased accumulation of organic
matter occurred several times during the evolu-
tion of the Carpathian basins (e.g. Golonka et al.
2006, Kotarba & Koltun 2006, Sle}czka et al. 2006,
2014, Krobicki et al. 2012). These conditions were
responsible for the origin of the source rocks for
the conventional oil and gas deposits. The source
rocks can also serve as a target for shale-gas
and shale-oil exploration. The majority of these
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rocks are linked to the peri-Tethyan domain of
Tethys, which includes the Protosilesian, Silesian,
Skole-Skyba and Krosno-Menilite basins. The or-
ganic-rich rocks were deposited in these basins
during Jurassic-Miocene times, mainly during
the Late Jurassic-Early Cretaceous and Oligocene
(e.g. Kotarba & Koltun 2006, Krobicki et al. 2012,
Slaczka et al. 2014 and citations therein). The Up-
per Jurassic and Oligocene shales were the prime
subject for the estimations of shale-gas potential.
During the recent analysis of shale complexes,
new possibilities were also discovered in the Up-
per Creataceous-Paleocene shales deposited in the
Magura Basin and preserved in the Outer Car-
pathian Magura Nappe. Analysis of the prelimi-
nary results of stratigraphic and geochemical re-
search of these shales is the subject of this paper.

OUTLINE OF GEOLOGY

The Carpathians mountain arc stretches from
Austria to the Iron Gate on the Danube in Ro-
mania (Fig. 1). The West Carpathians consist of
an older, internal orogenic zone known as the
Inner or Central Carpathians and the external,
younger one, known as the Outer or Flysch Car-
pathians. The Outer Carpathians are built up of
a stack of nappes and thrust-sheets showing a dif-
ferent lithostratigraphy and tectonic structures
(e.g. Golonka 2011, Golonka et al. 2011). The Pol-
ish Outer Carpathian sedimentary rocks repre-
sent a time span between the Late Jurassic and
Early Miocene. They were deposited in separate
sedimentary basins. Every basin generally dis-
plays a different lithostratigraphic development.
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Fig. 1. Map of the Carpathians with the locality of the investigated area (modified, from Kovdc¢ et al. 1998)
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During the overthrusting movement, the tecton-
ic units became uprooted forming several nappes.
The following Outer Carpathian nappes have
been distinguished: Magura Nappe, Fore-Magu-
ra group of nappes, Silesian, Subsilesian and Skole
nappes as well as a narrow Zglobice-Stebnik Zone
of folded Miocene deposits (Fig. 2; Golonka et al.
2011). Each of the nappes displays rather complex
structure being composed of several thrust-sheets,
which display similar lithofacies succession, al-
though lateral facies changes occur between par-
ticular thrust-sheets. In the western and central
part of the Polish segment of the Outer Carpath-
ians, the thrust-sheets strike SW or almost longi-
tudinally, whereas in the eastern part, their strike
changes to SE. Moreover, they are divided into se-
ries of blocks by faults stretching more or less per-
pendicularly to the strike of the thrust-sheets.
The Magura Nappe forms the largest tecton-
ic unit of the northern Outer Carpathians. It has
been completely uprooted from its substratum and
thrust over the Fore-Magura and Silesian nappes,
at least 20 km, perhaps up to 50 km during the oro-
genic movement. It is built of the deposits that orig-
inated mainly within a separated basin of the Car-
pathian domain of the Western Tethys Ocean. This
basin is known as Magura Basin, which developed

during Mesozoic, Paleogene and Neogene times.
Four tectonic-facies zones are being distinguished
within the Magura Nappe. The study area is placed
in the external, most northern zone called the Siary
Zone sensu Koszarski et al. (1974).

The subject of our research is the Swigtkowa
Member. It is distinguished within the uppermost
part of the Ropianka Formation (e.g. Jurkiewicz &
Karnkowski 1959, Slqczka et al. 1993, Kaminski &
Slaczka 1998 and references therein).

The Upper Cretaceous-Upper Paleocene Ropi-
anka Formation is dominated by the thin- and me-
dium-bedded fine-grained, parallel- or cross-lam-
inated or convolute quarzitic sandstones with
numerous organic and current hieroglyphs. The
sandstones are interbedded by gray and green
shales, mainly marly shales, locally within shales
and sandstones, the thin-bedded light marls occur.
In the upper part of the Ropianka Formation, two
members were distinguished. First, the Paleocene
Mutne Member consists of thick- and medium-bed-
ded, coarse- and medium-grained sandstones with
thin intercalations of green-gray shales. The second
one is the Swigtkowa Member, Late Cretaceous-
-Paleocene in age; it is composed of thin- and me-
dium-bedded Ropianka-type sandstones divided
by green, brown and dark-gray shales.
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Fig. 2. Study area on the geological sketch-map of Polish Carpathians (modified, after Oszczypko et al. 2008). 1 - Sekowa-Ropica
Gorna-Siary, 2 - Mecina Wielka, 3 - Szymbark, 4 - Ropianka, 5 - Kleczany, 6 - Stopnice - Limanowa, 7 - Trzebunia
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Fig. 3. Geological structure of investigated area: A) geological map of the Ropica Gérna area (modified, after Kopciowski et al.
1997a, 1997b); B) lithological log of the Siary Zone of the Magura Nappe in the Ropica Gérna area (modified, after Kopciowski

etal. 2014)

This member was distinguished locally in the
Magura Nappe, only within the Beskid Niski Mts
range area (Kaminski & Slaczka 1998). Its thickness
reaches up to 300 m (Jurkiewicz & Karnkowski
1959, Slaczka 2003). Our studies on the Swigtkowa

Member were conducted mainly in the outcrop in
Ropica Gérna village (8 km south-west from Gorli-
ce city), in Sekowka valley (Figs. 2, 3A). It is located
in Sekéwka stream bed, slightly below the bridge
on the road no. 997 in the center of the village

https://journals.agh.edu.pl/geol



Potential source rocks in the Ropianka Formation of the Magura Nappe (Outer Carpathians, Poland)... 53

(coordinates: N 49°36'10.0", E 21°13'30.4"). Earlier
at this locality, micropaleontological studies were
conducted by Geroch and published in a paper by
Slaczka et al. (1993). The tectonics and mineral-
ization was presented in papers by Swierczewska
(2005) and Swierczewska et al. (1999).

The Swiatkowa beds were described by Jur-
kiewicz & Karnkowski (1959) in the Gorlice area
as a separate complex of the Inoceramian beds (the
older name used for the Ropianka Formation in
this area) observed on surface and in well cores.
Firstly, they were defined as a transitional complex
within the Paleocene thin and medium bedded fly-
sch deposits between the typical Cretaceous Inoc-
eramian beds and the Upper Paleocene variegated
shales (the Labowa Shale Formation). Jurkiewicz
(1967) proposed to include the Paleocene part of
variegated shales into the Swiqtkowa beds. Later,
the Swigtkowa beds were incorporated into the Pa-
leocene Inoceramian deposits with the character-
istic occurrence of dark mudstones (e.g. Slaczka
1993, Slqczka etal. 1993, Kaminski & Slqczka 1998,
Slaczka 2003 and references therein).

METHODS

Samples of shales for stratigraphic and geochem-
ical studies were collected in the outcrop during
geological field work in the Gorlice area in 2015.

Rock-Eval pyrolysis and vitrinite reflectance
were used to examine the petroleum source po-
tential of rock samples from Sekéwka area. These
techniques have been routinely used as standard
tools for hydrocarbon exploration (e.g. Barker
1974, Horsfield 1984, Espitalié et al. 1985, Lafar-
gue et al. 1998). The Rock-Eval analysis is fun-
damental method to evaluate the hydrocarbon
potential of source rocks, since it provides infor-
mation about the amount, quality, type, and ma-
turity of organic matter in a sample. The vitrinite
reflectance measurements allowed determining
the thermal maturity.

The measurements for the Rock-Eval pyroly-
sis were conducted at the Oil and Gas Institute in
Krakow. Thirteen surface samples (Figure 8 shows
sample distribution) were subsequently rinsed
with plain water, oven-dried at room temperature
and crushed into rock pieces smaller than 2 cm.

A representative 150 g portion of each sample was
selected and powdered into particles smaller than
0.2 mm. The analyses of powder samples were car-
ried out with a Rock-Eval 6 instrument equipped
with an organic carbon module. The Rock-Eval py-
rolysis was conducted following the standard work-
flow (e.g. Espitalié etal. 1985, Wilczek & Merta 1992).

The reflectance measurements of organic
matter were carried out on the five samples with
the use of a Carl Zeiss Axio Imager microscope
equipped with photometer PMT, computer with
PMT III software and HBO lamp. The measure-
ments were carried out in oil immersion (refrac-
tive index n = 1,518), 546 nm peak transmittance
filter at a temperature of about 23°C in monochro-
matic non-polarized light in accordance to ASTM
D 7708-11;14 (2011, 2014). For each sample best
effort was made to perform minimum 20 single
measurements of reflectance on vitrinite or/and
bitumen particles (Barker & Pawlewicz 1993).

Shaly intervals of the Swigtkowa Member were
studied in terms of their micropaleontological re-
cord. Three layers of shales were sampled. Samples
were taken in pairs — two samples were collected
from every layer: one - from the lower part com-
prised of dark shale and one - from the upper part,
consisting of the green shale. The samples were
prepared by using standard procedures. 0.5 kg of
shales were macerated by multiple heating and
coolingin a Glaubert Salt solution (Na,SO, x H,0),
next washed on a 68 um sieves. From the obtained
residue, all bioclasts were picked and taxonomi-
cally determined. The material was analyzed and
documented using a NIKON VL100POL binoc-
ular microscope at the Department of General
Geology and Geotourism of the Faculty of Geol-
ogy, Geophysics and Environmental Protection,
AGH University of Science and Technology. The
samples have been deposited in the author’s col-
lection at the Micropress Europe Foundation
(al. A. Mickiewicza 30, 30-059 Krakow). The mi-
crofossils are represented mainly by agglutinated
foraminifera, which were studied in details. Os-
tracod shells and radiolarian steinkerns are very
rare components in the investigated samples.

The discussion on stratigraphic position of
these shales was based on previous works, and for-
aminiferal study.
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RESULTS sandstones (Fig. 4). Usually the sandstones are fine-
grained. The medium-passingto fine-grained sand-
Lithology stones (normal gradation) occurs rarely. They form

In the studied section, the turbiditic deposits oc-  thin- to thick-beds (up to 60 cm in thickness) while
cur, which are represented by shales intercalated by ~ the 15-30 cm thick layers prevail in the section.

Fig. 4. Lithological development of the Swigtkowa Member in Segkéwka section in Ropica Gérna: A, B) thin-bedded turbidites of
the Swigtkowa Member - general view of outcrop; C, D) intervals of dark shales between the thin- and medium-bedded sand-
stones; E) sandstone bottom with bioglyphs; F), G) parallel laminated sandstones passing into siderite
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The sandstones are gray to brown in color,
quarzitic, with calcareous cement. Rich different
type laminations (parallel horizontal, cross and
convolution) and numerous well developed mech-
anoglyphs, mainly flute marks are characteristic
features of these sandstones. The trace fossils oc-
cur relatively frequently on the bottom surfaces of
the layers. Numerous calcite streaks are present.

The shaly complexes occur between the sand-
stones. Their thickness ranges from single centim-
eters up to 50 cm, mainly 20-35 cm. Two kinds of
mudstone were observed. Dominant are the black
to dark gray mudstones (dark shales), calcareous
or non-calcareous, hard, not ductile. Usually the
transformation from darker to lighter is observed
toward the top. The green shales belong to the sec-
ond type represented by soft, plastic, more calcar-
eous green mudstones. The shaly intercalations
contain mainly dark gray, rarely green sediment.
The green shales frequently occur in the upper
parts of the shaly complexes (Fig. 4).

The siderites, which form long lenses or thin-
or medium-bedded (up to 25 cm, mainly 5-12 cm
layers) represent the next component of the studied

Table 1
The Rock-Eval pyrolysis and vitrinite reflectance - results

section. Siderites are pelitic, gray on fresh surface,
brown-orange on a weathered surface; laminations
are visible in some siderites. Sporadically the sid-
erites terminate the sandstone layers, being their
continuation.

Geochemistry

The values of parameters and indices obtained from
the Rock-Eval pyrolysis on 13 surface samples col-
lected from the Sekowka area (Tab. 1) vary in the
following ranges: total organic carbon (TOC) from
0.34 wt.% in green shales to 1.70 wt.% in dark gray
shales, free hydrocarbon content (S,) from 0.02 to
0.25 mg HC/g rock, residual genetic potential (S,)
from 0.16 to 1.51 mg HC/g rock, CO, content (S,)
from 0.13 to 0.40 mg CO,/g rock, production index
(PI) from 0.08 to 0.18, hydrogen index (HI) from
47 to 106 mg HI/g TOC, oxygen index (OI) from
21 to 55, total mineral carbon content (MIN C)
from 0.06 to 1.09%, temperature determined at the
S, peak maximum (T, ) from 431 to 439°C. The
highest values correspond usually to sample 2, and
the lowest - to sample 9. Values of vitrinite reflec-
tance range from 0.72-0.77% (0.76% on average).

b || imghcr | mghc/ |tmgCoy| S5 | FI | TOC | HI | O [MING| Ro | Colorof
no. gofrock] | g of rock] | g of rock] ’
1 436 0.11 0.54 0.17 3.18 0.17 0.79 68 22 0.85 - gray
2 436 0.25 1.51 0.36 4.19 0.14 1.70 89 21 0.73 0.76 | dark gray
3| 432 0.05 0.22 0.18 1.22 0.18 0.37 59 49 0.61 - green
4 437 0.22 1.06 0.29 3.66 0.17 1.35 79 21 0.55 0.77 | dark gray
5 435 0.19 1.25 0.30 4.17 0.13 1.18 106 25 0.83 0.72 | dark gray
6 | 437 0.07 0.34 0.13 2.62 0.17 0.55 62 24 0.43 - green
7 434 0.06 0.48 0.40 1.20 0.12 0.73 66 55 1.09 - gray
8 | 433 0.05 0.60 0.18 3.33 0.08 0.82 73 22 0.31 - dark gray
9 434 0.02 0.16 0.14 1.14 0.12 0.34 47 41 0.06 - green
10 | 438 0.11 0.77 0.25 3.08 0.13 1.02 75 25 0.81 0.77 | dark gray
11 | 431 0.04 0.18 0.15 1.20 0.17 0.37 49 41 0.46 - green
12 | 439 0.08 0.63 0.21 3.00 0.11 0.92 68 23 0.97 - dark gray
13 | 437 0.09 0.69 0.27 2.56 0.11 1.00 69 27 0.79 0.74 | dark gray

T,.. — cracking temperature, at which maximum hydrocarbon amount is produced [°C], S, - free hydrocarbon content
[mg HC/g of rock], S, - residual genetic potential [mg HC/g of rock], S, - CO, content [mg CO,/g of rock], PI - production index
= §,/(5,+S,), TOC - total organic carbon [wt.%], HI - hydrogen index [mg HC/g of TOC], OI - oxygen index [mg CO,/g of

TOC], MIN C - total mineral carbon content, Ro - vitrinite reflectance [%].
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Micropaleontological record

All studied samples contain numerous microfos-
sils. 146-2099 specimens of foraminiferal tests
were collected from 0.5 kg of mudstone (Tab. 2).
The preservation state of micropaleontological
material is good, some of microfossils were pre-
served only as broken fragments; the tubular
forms e.g. Nothia, Rhabdammina and Psammosi-
phonella and uniserial multichambered forms e.g.
Arthrodendron, Caudammina, Reophax, Kalam-
opsis and Subreophax belong to this group.

Two separate assemblages of fossils were ob-
tained from the studied shales (Fig. 5). In lower
parts of shale layers, unified and undifferentiat-
ed assemblages are preserved. They contain only
or almost-only tubular, massive forms of Nothia
(Tab. 2), representing the epifaunal form, choos-
ing a horizontal or nearly horizontal position in
the sediment. Nothia build long, branched and tu-
bular tests, which after diagenesis occur usually
in fragments. They amount is from 110 up to 204
specimens (Tab. 2). Pyritization is a characteristic
feature of these fossils. Single specimens of Am-
modiscus, Paratrochamminoides, Recurvoides and
Subreophax occur in sample SEK 8 together with
tubular forms (Tab. 2). The TOC content is here
slightly lower.

The foraminiferal assemblages from the upper
parts of shaly layers are definitely different in terms
of numbers of fossils and taxonomic composition.
The number of foraminiferal tests is from 1486 up

t0 2099. They were classified into 20-25 genera and
36-38 species (Tab. 2, Figs. 6-8). The occurring
species are represented by primitive benthic agglu-
tinated forms, mostly cosmopolitan. Fragments of
tubular forms constitute slightly more than half
of all microfossils. Numerous are Saccamminacea
represented by Placentammina placenta (Grzy-
bowski) and Saccammina div. sp., which amount to
about 10%, and Lituotubacea represented by Par-
atrochamminoides and Trochamminoides div. sp.,
which amount to 5-9%. Different species of Recur-
voidacea, Ammodiscidae, Hormosinellidae, Hor-
mosinacea, Haplophragmiacea, Trochamminidae
and Prolixoplectidae usually are typical compo-
nents of assemblages (Tab. 2). Pyritization of the
foraminiferal test is rare.

Biostratigraphy

The time of sedimentation of the Swigtkowa Mem-
ber deposits in the Ropica Gérna locality is un-
clear. The Paleocene age of the Swigtkowa Member
was documented by Jurkiewicz (1967), Jurkiewicz
& Karnkowski (1959) and Geroch in Slaczka et
al. (1993) by the occurrence Rzehakina fissisto-
mata (Grzybowski), which is a marker species for
the Paleocene biozone in Outer Carpathians. In
foraminiferal assemblages with Rzehakina fissi-
stomata (Grzybowski), the Paleocene planktonic
foraminifer — Globigerina (Subbotina) cf. triloculi-
noides (Plummer) is reported by Geroch in Slacz-
ka et al. (1993) from the Ropica Goérna locality.

Tmm

Fig. 5. Foraminiferal assemblages from the Swigtkowa Member: A) assemblages from dark shale; B) assemblages from green

shale
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Table 2
Taxonomic composition and the amount of foraminifera in samples form dark and green shales of the Swigtkowa Member
Sek | Sek | Sek | Sek | Sek | Sek
5 6 8 9 10 11
Benthic Foraminifera
Ammodiscus peruvianus Berry 10 15
Ammodiscus cretaceus (Reuss) 9 4 12
Ammodiscus tenuissimus Grzybowski 2 40 8
Ammodiscus pennyi Cushman et Jarvis 1 4
Ammosphaeroidina pseudopauciloculata (Mjatliuk) 4 42 136
Arthrodendron carpathica (Neagu) (fragments) 2 6 25
Annectina grzybowskii (Jurkiewicz) 2
Ammolagena clavata (Jones et Parker) 1
Nothia sp., Psammosiphonella sp., Rhabdammina sp. (fragments) 110 438
Nothia sp. (fragments) 170 | 308 1166 | 204
Buzasina pacyfica Krashenninikov 16 4
Caudammina ovula (Grzybowski) (chambers) 16 28
Caudammina gigantea (Geroch) (chambers) 2 8 2
Caudammina excelsa (Dylazanka) (fragments) 24 40
Glomospira charoides (Jones et Parker) 16 8
Glomospira diffundens Cushman et Renz 2
Glomospira irregularis (Grzybowski) 4
Glomospia cf. irregularis (Grzybowski) 5 12 5
Glomospira glomerata (Grzybowski) 2 8
Glomospira gordialis (Jones et Parker) 20 8 4
Haplophragmoides kirki Wickenden 4 12 8
Haplophragmoides cf. walteri (Grzybowski) 4
Haplophragmoides cf. mjatliukae Maslakova 20 6
Haplophragmoides sp. 4
Hormosina trinitatensis Cusman et Renz 2 4 11
Hormosina velascoensis (Cushman) 4
Hormosinelloides guttifer (Brady) 12
Hyperammina sp. 4
Kalamopsis grzybowskii (Dylazanka) (chambers) 16 48 28
Karrerulina conversa (Grzybowski) 4
Paratrochamminoides and Trochamminoides div. sp. 125 4 60 95
Placentammina placenta (Grzybowski) 111 96 72
Praecystammina globigeriniformis Krashenninikov 2
Psammosphaera irregularis (Grzybowski) 12
Psammosiphonella sp. / Rhabdammina sp. (fragments) 370 180 | 84 | 374
Pseudonodosinella nodulosa (Brady) 4 2
Recurvoides div. sp., Recurvoidella lamella (Grzybowski), Cribrostomoides div. sp. 56 24 54 55
Reophax duplex Grzybowski 10 14
Reophax pilulifer Brady 2
Reophax sp. (chambers) 1 1 10
Saccammina grzybowskii (Schubert) 64 136 88
Saccammina scrabosa Mjatliuk 6
Subreophax scalaris (Grzybowski) (fragments) 4 24 14
Subreophax splendidus (Grzybowski) (fragments) 4 2
Subrepohax pseudoscalaris (Samuel) (fragments) 4 32 5
Thurammina sp. 4
Trochammina globigeriniformis (Parker et Jones) 6 6 6
Trochammina umiatensis Tappan 4
Trochammina sp. 16 2
Radiolarian steinkerns 28 24 16
Ostracoda 1

Geology, Geophysics and Environment, 2018, 44 (1): 49-68
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Fig. 6. SEM pictures of foraminifera from the Swigtkowa Member: A) Nothia exelsa (Grzybowski), sample no. (s.) 9; B) No-
thia exelsa (Grzybowski), s. 9; C) Nothia sp., s. 11; D) Rhabdammina sp. with attached Ammolagena clavata (Jones et Parker),
s. 11; E) Rhabdammina linearis Brady, s. 11; F) Rhabdammina sp., s. 6; G) Psammosiphonella cylindrica (Glaesner) sp., s. 9;
H) Placentammina placenta (Grzybowski), s. 6; 1) Placentammina placenta (Grzybowski), s. 11; ]) Saccammina grzybowskii
(Schubert), s. 6; K) Saccammina grzybowskii (Schubert), s. 11; L) Ammodiscus tenuissimus Grzybowski, s. 9; M) Ammodiscus
peruvianus Berry, s. 9; N) Ammodiscus peruvianus Berry, s. 6; O) Ammodiscus pennyi Cushman et Jarvis, s. 11; P) Glomospira
glomerata (Grzybowski), s. 11; R) Arthodendron carpathica (Neagu), s. 9; S) Caudammina excelsa (Dylgzanka), s. 6; T) Cau-
dammina excelsa (Dylgzanka), s. 6; U) Reophax pilulifer Brady, s. 9; W) Reophax duplex Grzybowski, s. 6; X) Caudammina
gigantea (Geroch), s. 6; Z) Caudammina ovula (Grzybowski), s. 6. Scale bar is 100 ym
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Fig. 7. SEM pictures of foraminifera from the Swigtkowa Member: A) Kalamopsis grzybowskii (Dylgzanka), s. 9; B) Kalamopsis
grzybowskii (Dylgzanka), s. 6; C) Kalamopsis grzybowskii (Dylgzanka), s. 11; D) Subreophax pseudoscalaris (Samuel), s. 9; E)
Trochamminoides grzybowskii Kaminski et Geroch, s. 9; F) Trochamminoides grzybowskii Kaminski et Geroch, s. 11; G) Tro-
chamminoides subcoronatus (Grzybowski), s. 9; H) Trochamminoides subcoronatus (Grzybowski), s. 6; I) Paratrochamminoides
gorayskii (Grzybowski), s. 9; J) Lithuotuba sp., s. 9; K) Paratrochamminoides sp., s. 6; L) Recurvoides nucleolus (Grzybowski),
s. 6; M) Recurvoides sp., s. 6; N) Thalmannammina subturbinata (Grzybowski), s. 6; O) Ammosphaeroidina pseudopaucilocu-
lata (Mjatliuk), s. 9; P) Trochammina globigeriniformis (Parker et Jones), s. 11; R) Karrerulina conversa (Grzybowski), s. 6. Scale
bar is 100 ym
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Fig. 8. Quantity and diversity of foraminiferal assemblages from the Swigtkowa Member

On the other hand, the big shell of mollusk
(with high probability Inoceramus) was found
and documented by Anna Swierczewska within
the same exposure (personal information), what
can suggest Cretaceous age of the rocks. We try to
evaluate the age of sedimentation deposits in the
Ropica Gérna locality using the foraminiferal mi-
crofauna. The assemblages coming from the upper
parts of shaly complexes were taken into consider-
ation. They contain numerous and taxonomically
varied foraminifera (Tab. 2, Figs. 6, 7). This part of
rock sequence was deposited under the significant
influence of suspension (uppermost part of turbid-
itic sequence) that predisposed the development of
microfauna. Consequently these assemblages can
be treated as autochthonic. This assumption is con-
firmed by taxonomic reputability in all mudstone
layers separated by sandstones and close similari-
ty of this feature to those observed by Jurkiewicz
& Karnkowski (1959) and Geroch in Slaczka et al.
(1993) publishing micropaleontological data.

The occurrence of numerous cosmopolitan
species living in the Late Cretaceous up to the end
of Paleocene (sporadically to the Early Eocene) is
typical for all analyzed assemblages. Ammodiscus
pennyi Cushamn et Jarvis, Annectina grzybowskii
(Jurkiewicz), Buzasina pacifica (Krasheninnikov),
all recognized Caudammina, Glomospira diffun-
dens Cushman et Renz, Hormosina velascoensis

(Cushman) (stratigraphical ranges after Geroch &
Nowak 1984, Sztajn et al. 1984, Olszewska et al.
1996, Olszewska 1997, Kaminski & Gradstein 2005
and references therein) (Tab. 2) belong to these
forms. Among the mentioned taxa, Caudammina
excelsa Dylazanka in the Outer Carpathians is no-
ticed from the beginning of the Maastrichtian and
Annectina grzybowskii (Jurkiewicz) from middle
Maastrichtian (Geroch & Nowak 1984, Sztajn et
al. 1984, Olszewska 1997). A relatively high num-
ber of Caudammina is noticed in sampled depos-
its (Tab. 2). Numerous Caudammina are known
from the Danian within the Carpathian Paleo-
cene (Waskowska-Oliwa 2008). A crucial mean-
ing has the occurrence of Caudammina gigantea
Geroch, which is in large amount particularly
widespread in the Late Cretaceous. It appeared in
the Santonian and lasted up to end of Early Paleo-
cene with an acme in the Late Cretaceous (Geroch
& Nowak 1984, Geroch & Koszarski 1988, Olsze-
wska 1997 and references therein). In our materi-
al, occurrence of Caudammina gigantea Geroch
has marginal meaning. Summarizing the above
data, there is no conclusive evidence of age sedi-
mentation of the Swigtkowa Member in the Rop-
ica Gorna section taking account the assemblag-
es obtained from our samples. High number of
Caudammina specimens can suggest the Early
Paleocene.
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DISCUSSION

The analyzed shales do not differ significantly in
terms of the total organic carbon content (TOC).
The TOC content for the majority of the samples
exceed 0.5 wt.% and the mean value amounts to
1 wt.%. The hydrocarbon content (S, + S,)/TOC
ratio differs slightly among the analyzed sam-
ple population. Nonetheless, it indicates that the
hydrocarbon potential (S, + S,) of the samples is
relatively poor (Fig. 9). The oxidative compounds
content S, for all the samples is low and does not
exceed 0.5 mg CO,/g rock.

The Rock-Eval analysis enabled to determine
the type and thermal maturity of the organic mat-
ter dispersed in the studied samples. The results
of T, measurements allowed to conclude, that all
of the samples correspond to the initial phase of
“oil window” which is due to low values of T

Correlation between HI-T __and HI-OI shows that

all analyzed samples are plotted on the region of
typeIlI, which represents the humic gas-prone type

of kerogen (Fig. 10). The kerogen is characterized

by moderate values of the OI index. However, it is
worth to notice that analyzed surface samples were
a bit weathered, what may contribute to OI value.

The results of vitrinite reflectance measure-
ments for the surface samples of Sekéwka vary
from 0.72% to 0.77%. The obtained values are
characteristic for the organic matter mature
enough to generate oil (begin of “oil window” ma-
turity, Fig. 10A). The organic matter present in the
analyzed samples is of the humic type with pre-
dominance of inertinite. The type and thermal
maturity degree determined based on the vitrinite
reflectance measurements are consistent with the
Rock-Eval pyrolysis results.

The organic matter from the Swigtkowa Mem-
ber was preserved and diagenetically altered in
the mudstone-clayey shale intervals forming the
upper parts of turbiditic intervals. The content
of organic carbon depends on the shale’s char-
acter expressed by their color (Tab. 1, Fig. 8).
The dark-gray shales contain a significant amount
of TOC, from 0.73% up to 1.7%, while in green
shales the TOC content is 0.34-0.55%.
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Fig. 9. Petroleum source quality diagram for 13 analyzed samples. Classification after Peters & Cassa (2002)
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Fig. 10. Plot of hydrogen index (HI) versus temperature Tmax. Alteration curves of different types of kerogen and intervals of
thermal maturity after Espitalié et al. 1985 (A); organic matter characterization based on Rock-Eval pyrolysis results (B)

The succession within the shale complexes re-
peats across the Swigtkowa Member deposits. The
dark-gray organic-rich shales were observed usu-
ally in the lower parts of the shaly complex. The
shales gradually change upwards the color and
TOC content (Figs. 4, 8). The green organic-poor
shales occur in the upper parts of observed com-
plexes. These changes reflect the cyclical charac-
ter of the turbiditic sedimentation. Two basic fac-
tors, supply and preservation of organic matter are
most important. These factors are reflected by or-
ganisms living in the bottom zones of the basin.
The investigation of benthic foraminifera, which
were adapted to life in a various marine environ-
ments help to characterize the paleoenvironment
of organic-rich deposits. These forms are known
from different depths and sedimentary regimes,
they can inhabit the environments predominated
by flysch sedimentation. Their development is de-
pendent on many environmental factors, howev-
er, the oxygenation in bottom water of the basin is
one of the most important. Foraminifera are the
organisms with a very wide ecological tolerance,
they can colonize anoxic-dysoxic bottom wa-
ters (e.g. Bernhard 1993, Bernhard & Alve 1996,

Moodley et al. 1997, Langlet et al. 2013, Geslin et
al. 2014, Nardelli et al. 2014, Meilijson et al. 2016
and references therein). Somehow the oxygen-
ation on the bottom waters plays a decisive role
for the development of specific associations of for-
aminifera.

Poor oxygenation, hypoxia, and anoxia lim-
it the development of the fauna, and this is re-
flected in the studied foraminiferal assemblages.
A clear correlation between the TOC content and
numbers and diversity of foraminifera was ob-
served (Waskowska et al. 2017). The first type of
assemblages was represented only by not numer-
ous, partly pyritized, large sized tubular forms
(Fig. 5). It originates from dark mudstone depos-
its where the TOC amount is the highest and os-
cillates around 1% (Tab. 2, Fig. 8). Preservation of
organic matter in mudstone sediment originated
during turbidity residual sedimentation. It was
possible in oxygen deficit or oxygen poor condi-
tions in bottom waters of the basin. That environ-
ment was not favorable for development of com-
plex foraminiferal assemblages; it was tolerated
by not numerous and most opportunistic forms
like Nothia.
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The clear difference between these assemblages
and assemblages from the uppermost part of sha-
ly layers is well visible. The second type of assem-
blages is represented by numerous and diversified
agglutinated foraminifera. 38-36 species belong-
ing to the 20-24 genera were recognized (Tab. 2,
Figs. 5, 8). Despite the quite high taxonomic diver-
sity, three quarters in the assemblages have tubu-
lar forms, Saccamminacea and Lituotubacea. The
large proportion of tubular forms as well as Para-
trochamminoides and Trochamminoides in assem-
blages is common during Late Cretaceous-Early
Paleogene Carpathian deposition (e.g. Geroch et
al. 1967, Jurkiewicz 1967), but the high number of
Saccammina and Placentammina is an unknown
phenomenon. Relatively high taxonomic diversity
is an expression of development of more complex
foraminiferal associations but consisting of prim-
itive forms building fairly simple and massive ag-
glutinated tests. The morphology of foraminiferal
tests reflects living strategy (after Jones & Char-
nock 1985 and later modifications). It is worth to
note that assemblages from the upper shaly parts
are poor in forms penetrating the upper part of
bottom sediment known as infauna. Epifaunal
forms living on the surface of bottom sediment
dominate. Their share is 85-88% of all foramin-
ifera; relatively numerous are compact forms,
which can efficiently move. The TOC content in
the upper part of shaly deposits is from 0.34% to
0.55% (Tab. 1, Fig. 8). It is two or three times lower
compared on to the lower part. Both, the decrease
in the TOC content and more complicated fora-
miniferal assemblages indicate improvement of
the oxygenation in the bottom waters, which were
conducive to the development of primitive epifau-
nal foraminiferal associations.

The oxygen conditions at the seabed zone of
the Magura Basin during the sedimentation of
turbidities of the Swigtkowa Member underwent
fluctuations. A poor oxygenation conditions are
noticed in dark deposits in lower parts of shaly in-
tervals of the turbidites. The green mudstone from
the uppermost parts of layers were deposited in
better (low oxygen) conditions. The basinal bot-
tom surface was colonized by agglutinated fora-
miniferal fauna during the sedimentation of each
shale layer. These assemblages evolved to the more
complexed in term of diversity and numbers with

increase of oxygen content. Generally, sedimenta-
tion of the Swigtkowa Member deposits took place
under oxygen deficiency, which was conducive for
preserving organic matter.

The following factors enhance organic-rich-
ness (Golonka et al. 2009 and reference therein):

BIOLOGIC PRODUCTIVITY
(Nutrient Concentrating Processes and Settings)
A. Enhanced Nutrient Concentrations
1) Terrestrial Input of Nutrients
2) Coastal Upwelling
3) Open Water Upwelling
B. Evaporitic Settings
1) Silled Basins
2) Shelf/Platform Depressions
3) Rifts on Flooded Continental Platforms
4) Mid and High Latitude Deserts
C. Restricted Geographic Configuration
D. Terrestrial Kerogen Influx
E. High Latitude Effect (Oceanic Convergence)

DEPOSITIONAL PRESERVATION
(of Organic Materialin Depositional Environment)
A. Actively Subsiding Depocenter at Time of Dep-
osition
B. Maintenance of Anoxia
1) Positive Water Balance (Fresh-Water Influx)
2) Salinity Stratification
3) Thermal Stratification
4) High Productivity
5) Restricted Circulation (Deep,
Trough or Silled Basin)
C. Isolation Factor
1) Distance of Basin from PaleoShoreline
(Coastlines, Shelves, Epeiric Seaways)
2) Local Uplift Deflecting Drainage away from
Basin (Rifts)

Narrow

NON-DILUTION OF SEDIMENTED ORGANIC

MATTER

(Low Sedimentation Rate)

A. Proximity to Orogenic Belts during Interval of
Source Rock Deposition

B. Drainage Conduits into Depocenter from Up-
lifted Areas

C. Rate Influence by Climatic Belts, e.g. Wet
Zones.
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The detailed discussion concerning the above indicates that the Siary Zone within Magura Basin
mentioned factors was provided in the Golonka (Fig. 11) fulfills certain conditions for organic pro-
et al. (2009) paper. The paleogeographic position  ductivity during Late Cretaceous-Paleocene times.
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Fig. 11. Paleogeography of the Western Tethys in the Paleocene (after Golonka et al. 2006 - modified). Abbreviations: Bl - Bal-
kan Basin and foldbelt, Du - Dukla Basin, EA - Eastern Alps, Gs - Gresten Basin, Hv — Helvetic shelf, IC - Inner Carpathians,
In - Inacovce-Kricevo zone, Li - Ligurian Basin, Mg - Magura Basin, Mn - Manin Basin, Mr - Marmarosh Massif, PKB - Pie-
niny Klippen Belt, Pm — Fore-Magura Basin, Ps — Subsilesian Ridge and slope zone, Ra - Rakhiv Basin, RD - Rheno Danubian
Basin, Rh - Rhodope Basin and foldbelt, SC - Silesian Ridge (Cordillera), Si - Silesian Basin, Sk - Skole Basin, Sn - Sinaia Ba-
sin, Sz - Szolnok Basin, Tc - Tarcau Basin, Ti - Tisa plate, Tl -Teleajen Basin, Tr - Transilvanian Basin
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Paleoclimate modeling indicates wind direc-
tions favorable for coastal upwelling during north-
ern hemisphere winter. The origin of many or-
ganicrich rocks has been attributed to upwelling
(e.g. Brooks & Fleet 1987, Huc ed. 1995, Summer-
hayes et al. 1995, De Wever & Baudin 1996, Rais
et al. 2007, Golonka et al. 2009). This is because
upwelling zones are rich in dissolved nutrients
necessary to sustain high organic productivity.
The so-called General Circulation Model suggests
connection between paleo-upwelling regimes and
marine petroleum source rock occurrence (see
Huc ed. 1995, Selwood & Valdes 2007 with refer-
ences therein). Terrestrial input of nutrients is indi-
cated by paleogeographic position close to emerg-
ing ridges as well as by characteristics of kerogen.
The preservation of organic material in the deposi-
tional environment is assured by the maintenance
of anoxia, active basin subsidence and local uplift
of ridges. Most major source rocks, with the ex-
ception of prodelta shales and some turbidites and
upwelling-related source rocks, show evidence of
having been deposited in anoxic or suboxic condi-
tions (Brooks & Fleet 1987, Tyson & Pearson 1991,
Huc 1995, Meyers 2006), known also from Car-
pathian basins (Golonka et al. 2009). The non-di-
lution of sedimented organic matter is somewhat
less certain in the synorogenic paleoenvironment.
The type of sediment within which organic mate-
rial is buried also affects organic carbon richness.
Studies (Brooks & Fleet 1987, Klemme & Ulmishek
1991, Huc ed. 1995) have shown that, on average,
clay contains about twice as much organic mat-
ter as silt, and silt contains about twice as much
as sand. Organic matter is more easily adsorbed
to fine-grained sediments (clays) than to coars-
er-grained sediments, because clay minerals, es-
pecially montmorillonite, have nearly 1000 times
more surface area by weight than quartz and other
sand components (Golonka et al. 2009). Turbidit-
ic claystone sometimes contains more carbon than
the hemipelagic claystone that this case of the Car-
pathian deposits. Rapid deposition of fine-grained
sediment seems to be a key factor to preserve or-
ganic carbon (Ibach 1982, Stein 1990).

A large input of siliciclastics was present in the
southern part of Magura Basin (Fig. 11) close to
the Inner Carpathian and Pieniny Klippen Belt.
The northern part (Siary Zone) was sourced only

by at least partially submerged ridges. Thick-bed-
ded sandstones were deposited only locally (Ciesz-
kowski et al. 2007). Longer episodes of fine-
grained sedimentation were common during Late
Cretaceous-Early Eocene times (Golonka 2011).

The conventional deposits have produced oil
and gas in the Siary Zone of Magura Nappe since
the 19" century (Fig. 2). Three oil fields occur in
the vicinity of investigated area (Karnkowski
1999). The Sekowa-Ropica Gérna-Siary field is lo-
cated in close vicinity to the Sekdéwka outcrop. It
was discovered in 1860. About 208 thousand tons
of oil were produced from the Ropianka Forma-
tion sandstones. The Mecina Wielka field is 10 km
south-eastward from Gorlice. They were discov-
ered in 1870 and produced over 20 thousand tons
of oil from strongly folded Ropianka Formation
sandstone complexes. The Szymbark oilfield is lo-
cated southwestward from Gorlice. It produced
30 thousand tons of oil from the Eocene Labowa
Formation and the Paleocene Ropianka Forma-
tion sandstones. The Ropianka deposit is located
50 km southeastward from Gorlice in the margin-
al part of the Siary Zone. The oil occurs within
the Ropianka Formation sandstones. The shales
of this formation form seals. The Ropianka field
produced over 30 thousand tons of oil (Karnkow-
ski 1999, Golonka et al. 2017). The crude oil was
used in the Gorlice region a long time before the
industrial production. The locals used it for cart
lubrication and as a medicine to treat baldness.
The industrial production was initiated by a local
pharmacist, Ignacy Lukasiewicz. He experimented
in his pharmacy with crude oil supplies, obtained
kerosene and constructed a kerosene lamp, which
was widely used in the 19" century. Numerous oil
seeps exist in the eastern part of Siary Zone. Sev-
eral villages and rivers bears the names derived
from “ropa” (the Polish name for crude oil) like
Ropica, Ropianka, Ropa. Oil was also produced in
the western part of the Siary Zone, in the Kleczany
and Slopnice-Limanowa oil fields. Gas seeps were
discovered recently in Trzebunia village south of
Krakéw (Golonka et al. 2017, ShaleCarp). The res-
ervoirs of these fields are well known, whereas-
the source for these oils and gases remained un-
known. The 19 century explorers did not bother
with the source rocks and drilled in the vicinity of
seeps. It is possible that organic-rich shales of the
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Swigtkowa Member were the source rocks supply-
ing surrounding fields. In this case some organic-
-rich rocks, source for conventional deposits can
be transferred into unconventional hydrocarbon
systems. Occurrences of conventional deposits,
oil and gas seeps sourced by organic-rich shales
as well as results of presented research justify fur-
ther investigation of organic-rich deposits within
the Siary Zone of the Magura Nappe in Poland in
order to evaluate the possibility of unconventional
gas resources. The presented investigation consti-
tutes the first step, and more complete sampling
program, especially from bore-holes, is needed to
refine our estimate. The relatively unexplored area
south of Krakéw appears most promising.

CONCLUSIONS

Dark gray and green shales which contain dif-
ferent TOC content and the varied foraminifera
assemblages occur within the turbidites of the
Swiatkowa Member. The dark parts with the TOC
up to 1.7 wt.% contain poor foraminiferal assem-
blages, which development was limited by poor
oxygen condition. Upwards turbidite sequence,
in the green parts with lower TOC content, the
improvement of oxygen conditions is observed
that is expressed by occurrence of numerous and
more diversified agglutinated foraminifera. They
are represented mainly by primitive cosmopoli-
tan taxa suggesting better but still limited oxygen
conditions on the Magura Basin floor. The domi-
nance of the dark shales is typical for the Swigtko-
wa Member. Its depositional environment fostered
the preservation of the organic matter. Features of
the Swigtkowa Member of the Ropianka Forma-
tion indicate that these deposits have features of
the hydrocarbon source rocks.
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