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Abstract: A petroleum system was recognized in the Gorlice—Bobrka region of the Outer Carpathians in Poland.
Three tectonic units (Dukla, Silesian and Magura) in the area of study are most important for petroleum industry.
Several types of sandstone with reservoir potential belong to these units, but only the Istebna and Cigzkowice
sandstones from the Silesian Unit were investigated in boreholes. Carefully chosen outcrop sandstones as well as
some samples from available boreholes were gathered in the database. Porosity, permeability, capillary pressure
investigations, petrography and computer analyses of microscopic images were performed for outcrops and bore-
hole samples. Artificial Neural Net simulation using the whole database gave very good permeability fit for all
kinds of sandstones (also from outcrops). It means that all types of sandstones are petrophysically very similar.
Detailed investigations show only an insignificant porosity increase for outcrop samples. Petrography investi-
gation provides an explanation for this fact. Circulations of meteoric waters dissolve sand grains, whereas pore
throat is not changed. Correlation matrix method was applied to share factors steering petrophysical properties in
sandstones from the investigated region. Source rocks responsible for generation of hydrocarbons in the area of
study have been identified. Outcrop samples (157) were taken from deposits of the Dukla and Silesian units.
Generally, outcrop samples were taken from the Menilite beds located along anticlines in the analysed area.
Finally, hydrocarbon potential of the region was evaluated. The weathering effect was taken into consideration.
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INTRODUCTION

For correct modelling of petroleum system in the Outer
Carpathians it is essential to characterize its key elements,
such as source rocks, reservoir rocks, carrier beds and seals.
These characteristics should be based on a representative
population of samples. In the Carpathian “flysch” it is very
difficult to collect samples, which represent full stratigra-
phic section, because of tectonic deformation, numerous
erosion gaps and in sufficient amount of core samples re-
ceived from drilling. Basin analysis, the final effect of
which is the reconstruction of basin’s evolution, is a modern
instrument used in hydrocarbons generation modelling.
This reconstruction can only be carried out with sufficient
amount of geological, geochemical and petrophysical data.
Amount of data from Carpathians allows only for fragmen-
tary reconstruction. Complementary analyses are possible
to carry out on outcrops in those areas, where source rocks
crop out on the surface and can be correlated with core sam-
ples. The main interest of geochemical research in the Pol-
ish Outer Carpathians (e.g. Matyasik & Dziadzio, 2006;

Kotarba & Koltun, 2006 and references therein) is focused
on Menilite beds, which are considered to be the main
source for generation of hydrocarbons, supplying the dis-
covered accumulations of hydrocarbons in Silesian and
Dukla units. In the last years, many different parameters
have been received from outcrops research, particularly
concerning the degree thermal maturity. Maturity criterion
(similarly to richness in organic substance) determinates,
whether it is meaningful to search in a concrete petroleum
basin (Bordenave, 1993; Brooks & Welte, 1993). Research
has been carried out also for source samples, collected from
exposures, which could correlate with core samples — e.g.
Draganowa well. Influence of external factors (erosion, wa-
ter, biodegradation), which can disturb values of particular
parameters was taken into consideration. Estimation of
weathering effect on geochemical parameters value in this
study is based on data from published papers (Philp et al.,
1992; Burns et al., 1999). It allowed correlating different
measurements of the same maturity feature.
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Fig. 1.  Area of investigation (after Jankowski, 2004)

Potential reservoir rocks, such as the Istebna sand-
stones, Cigzkowice sandstones, Krosno beds, Inoceramian
beds, Cergowa beds and Magura beds as well as shales
within flysch packages, which constitute seal element of pe-
troleum system, were investigated with the use of correla-
tion of petrologic investigations and artificial neural net-
work applied to petrophysical properties. No significant dif-
ferences were observed.

The aim of this study was to show, basing on large po-
pulation of samples, that properly collected samples from
surface exposures can be representative for stratigraphic le-
vels and useful for analysis of petroleum systems in the Car-
pathians, taking into consideration the weathering effect.

STUDY AREA

The area of interest is located in the central part of the
Polish Outer Carpathians (Fig. 1). The sedimentary basins
of the Outer Carpathians were created on the disintegrated
southern edge of the European Platform (Wieczorek, 1993,
Golonka et al., 2000, 2006 and references therein). The se-
quence of deposits of the Outer Carpathian basins began to
form during the Late Jurassic times (Ksiazkiewicz, 1974,
Slaczka et al., 2006; Oszczypko et al., 2008 and references
therein). The sedimentary basins of the Outer Carpathians
had existed until the foredeep basin was created, before
Early Miocene. The shortening processes of the basin
brought about inversion and change of the architecture of
the basin. New investigations (Jankowski, 2004, 2007;
Dziadzio et al., 2006;) indicate a possibility of deposition in
half-graben-type subbasins. Geometry of sand-bodies (e.g.
Cigzkowice and Istebna beds) shows deposition in this type
of subbasins, which existed perhaps since the Late Creta-
ceous. Half-graben-type subbasins were separated by ridges
of tectonic origin (traditionally called “cordilleras™). The ar-
rangement and architecture of Carpathian basins was proba-
bly connected with the pre-existing, older than Alpine oro-
gen, structures of the basement of the Carpathians. The pro-
cess of inversion brought a change in geometry of the sub-

> d
[ oukia unit

[ skole unit S VAN
B subsitesian unit [] Borislav-Pokuttia Unit NV
Chaotic / 3 5
- complexes D Area of investigation Geological cross-section

basins (the change of direction of axis, absorption of tec-
tonic edges) as well as a shift of the centre of deposition to-
wards the European Platform. The shortening process of
sedimentary basin in this area is revealed in tectonic
structures (synsedimentary thrusts, especially in the Menilite
beds). More- over, relative changes of the sea-level exerted
essential influence on architecture of the sedimentary basin
and facies (Jankowski, 2004; Dziadzio et al., 2006;
Poprawa et al., 2006). This was particularly visible during
the Eocene and Palacocene times when basin floor, fan-type
sand-bodies appeared. The occurrence of these sand-bodies
was connected with the sea-level fall, probably forced, by
local tectonics (Jankowski, 2004, 2007; Dziadzio et al.,
20006). It is possible to distinguish several facies strongly
connected with relatively high sea level, for example the
widespread Menilite beds — the main source rock of the
Outer Carpathians. In the last stage of existence of the Car-
pathian basin, during sedimentary systems collapse, gravita-
tional sliding was very important (Jankowski, 1997, 2007;
Cieszkowski et al., 2009). The Carpathian thrust belt has
been traditionally interpreted (e.g., Slaczka et al., 2006;
Oszczypko et al., 2008 and references therein) as an accre-
tionary wedge, which represents a sub-horizontal detach-
ment, termed “sole thrust”. The geometry of such types of
thrust belts has been termed “thin-skinned”. Recent field-
work investigations show that the final stage of tectonic de-
formation took place both in the thrust belt and the Carpa-
thian basement (Jankowski, 2004, Jankowski & Jarmoto-
wicz-Szulc, 2004; Golonka et al., 2009). Some surfaces of
overthrusts in the Carpathian orogen can be deeply rooted in
the basement. Recently discovered some kinds of out-of-se-
quence thrusts support this theory (Jankowski, 2007). The
deformation of the basement of the Carpathians together
with the thrust belt has the essential significance for recog-
nition of the architecture of the thrust belt. The pre-Alpine
tectonic structures of the basement, existing before over-
thrusting of the Carpathians were reactivated. The basement
influence was proved by seismic survey and wells in the
western part pf the Polish Outer Carpathians (Golonka et
al.,2009).
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Fig. 2.

Gravitational sliding had the essential meaning in the
process of emplacement of the most southern tectonic ele-
ments in structures of the mountain belt (e.g., Magura
Unit).In the Outer Carpathian thrust belt, several tectono-
sedimentary units (nappes) were distinguished (Ksiazkie-
wicz, 1974). In the studied area, we can distinguish five,
main tectono-sedimentary units. The Lower Cretaceous de-
posits are common for all units and reveal unification of the
Outer Carpathian’s basin in the Early Cretaceous times.
Later, differentiation occurs as a result of the occurrence of
several half-graben-type subbasins in extensional regime.
The most southern nappe is the Magura Unit. Towards the
north we can distinguish the Dukla Unit, the Silesian Unit,
the Subsilesian Unit (called also Weglowka Unit) and the
marginal part of the Carpathian thrust belt called the Skole
Unit (Fig. 2). The Upper Cretaceous—Palacogene Magura
Unit consists probably of deposits of the southernmost half-
graben subbasin lying on the common for the whole Carpa-
thians Lower Cretaceous sequences. In the Magura Unit,
samples were taken from the Magura Sandstones and
Supramagura beds (Fig. 3).The Dukla Unit contains slope
facies and, moreover, sedimentary cover of the temporarily
existing intrabasinal ridge (Silesian “cordillera”), separat-
ing the Magura basin from the Silesian basin. In the Dukla
Unit, samples were taken from the Menilite beds and Cisna
sandstones (Fig. 3). The Silesian Unit consists mainly of de-
posits of the Silesian basin, which constituted the most cen-
tral part of the Carpathian basins. In the Silesian Unit sam-
ples were taken from the Istebna beds, Cigzkowice sandsto-
nes, Menilite beds, and Krosno beds (Fig. 3). The Subsile-
sian Unit (Weglowka Unit) contains sedimentary facies
(Weglowka marls) of the temporarily existing intrabasinal
ridge (horst) separating the Silesian and Skole basins. The
Skole Unit contains sedimentary facies deposited within the
outer Skole basin. It is a strongly imbricated, most external
part of the Carpathian thrust belt.

The latest, Miocene history of tectonic deformation of
the Outer Carpathians is very complicated — it is possible to
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recognize a few stages of tectonic deformation (Rubinkie-
wicz, 2007; Mazzoli et al., in press). Several tectonic ele-
ments (traditionally called “folds”) are distinguished in this
area. They represent slice-type “horses” with reduced north-
ern limbs. The Lower Cretaceous limestones, shales and
sandstones form the oldest facies elements in this area. The
youngest elements are represented by the Krosno beds and
Menilite beds (Oligocene—lower Miocene).

PETROLOGIC INVESTIGATIONS

Petrologic investigations were performed using 94 thin
sections prepared from outcrops and boreholes. Samples for
petrologic study represented the Istebna beds, Cigzkowice
beds, Krosno, Menilite and Magura sandstones. For all sam-
ples, granulometric analyses, computer analysis of micro-
scopic images and petrographic investigations were per-
formed. Diagenetic processes were described. The main
goal of petrographic investigations was to reveal all factors
affecting reservoir and filtration properties.

Grain-size analysis

Granulometric analyses using microscopic technique
were performed. Frequency diagrams of grain density shows
four types of grain distribution: one bimodal and three mono-
modal ones, which differ in the degree of sorting. (Fig. 4).
Mean diameter covers the range of 0.75—4.65 @ (Fig. 5), the
sorting cover the range 0.32—1.25 (Fig. 6). These parame-
ters allow for classification of the investigated sandstones
from fine-grained to siltstones. The sorting varies from poor
to very good.

Computer analyses of microscopic images

These types of analysis provided digital parameteriza-
tion of pore space as well as rock grains. During analysis,
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Fig. 3.  General lithostratigraphic column showing position of examined samples (compilation by Dziadzio ef al., 2001, after Koszarski

etal., 1985). SILESIAN UNIT: 1 —lower Cieszyn shales, 2 — Cieszyn limestones, 3 — upper Cieszyn shales, 4 — Grodziszcze sandstones, 5
— Veftovice beds, 6 — Lgota sandstones with shales, 7 — Gaize beds, 8 — Variegated shales, 9 — Godula beds, 10 — Lower Istebna sandstones,
11— Lower Istebna shales, 12 — Upper Istebna sandstones, 13 — Upper Istebna shales, 14 — Cigzkowice sandstones with variegated shales,
15 — Hieroglyphic beds, 16 — Globigerina marls, 17 — Cergowa sandstones, 18 — Menilite beds, 19 — Magdalena sandstones, 20 — Krosno
beds, 21 — Gorlice beds (olistrostromes), DUKLA UNIT: 22 — Grodziszcze sandstones, 23 — Vetovice shales, 24 — Lgota beds, 25 — Gaize
beds, 26 — Variegated shales, 27 — Lupkoéw beds, 28 — Cisna sandstones, 29 — Majdan beds, 30 — Hieroglyphic beds with Green shales, 31
— Przybyszow sandstones, 32 — Hieroglyphic beds with Green shales, 33 — Globigerina marls, 34 — Cergowa sandstones, 35 — Krosno beds,
MAGURA UNIT: 36 — Inoceramian beds, 37 — Mutne sandstones, 38 — Ci¢zkowice sandstones, 39 — Pasierbiec sandstones, 40 —
sub-magura beds, 41 — Watkowa sandstones, 42 — supra-Magura beds, 43 — Gladyszéw beds, 44 — Malinowa shales (variegated shales),
45 — Szczawina sandstones, 46 — Inoceramian beds, 47 — variegated shales, 48 — Hieroglyphic and Beloveza beds, 49 — Lacko marls, 50 —
Magura sandstones, 51 — variagated shales, 52 — Globigerina marls, 53 — Malcov beds

the following parameters were measured: EqDiameter,
VolumeEqSphere, VolumeEqCylinder, Perimeter, Mean-
Chord, Length, Width, MaxFeret, MinFeret, Circularity,
Elongation (Le$niak, 1999). The results were mathemati-
cally prepared by discrimination of micropores with the di-
ameter lower than 5 mm. Then, pore parameterization was
performed (min, max, average pore diameter and the con-
tent of pores with diameter larger than 0.005 mm).

Petrographic investigations

The investigated sandstones were classified as sublihtic
arenites, lithic arenites, subarcose arenites, arcose arenites,
sublithic wackes and lithic wackes (Pettijohn et al., 1972).
Grain skeleton of all samples (Table 1) is highly similar.
Mono and policrystalical quartz dominates. Roundness and
sorting differ highly. Fine-grained sandstones are character-
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Table 1

Mineralogical composition of the investigated sandstones

Quartz | Feld- Rocks | Micas | Glauco- |Cements

Sandstones spar | fragments nite
[%] [%] [%] [%] [%] [%]
Istebna 19-69 | 3-22 1-23 0-18 0.3-1.6 |2.8-38.5

Ciezko- 39-68 | 1029 | 2-22 0-6 0-1.6 | 5-31.7
wice
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Magura 42-58 | 6-16.8 1.4-13 0-4 0-5.8 11-29
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ized by worse roundness. In cathodoluminescense, quartz
grains gleam brown and purple (pointing to metamorphic
and magmatic origin) and rarely red (volcanic origin)
(Goetze & Zimmerle, 1994).

Feldspars are represented mainly by K-feldspar, the
number of plagioclase reaches a maximum of 12% of all
feldspars. Feldspars show various degrees of transforma-
tion. Rock fragments consist of magmatic, metamorphic,
carbonate fragments, clay clasts, bioclasts and sandstone
fragments. Micas are formed as muscovite, and rarely
biotite. Glauconite is present in the form of conglomerations
between grains, mostly with the traces of pirytization and
transformation to iron hydroxides.

Matrix consists of quartz or carbonates and clay miner-
als, as well as iron hydroxide. Clay minerals are represented
by kaolinite, chlorite, illite/smectite and illite. Cements are
represented by authigenic quartz and calcite cement. Quartz
cement exists as a typical contact cement or authigenic
overgrowth. Calcite cement reveals basal or contact pores.
Carbonate cements are represented by manganese or iron
calcite, more seldom by dolomite and ankerite. The style of
cement development and its distribution varies. In each
sample, we can observe all types of cement.

Diagenetic processes

General diagenetic processes are very similar in all
types of the analysed sandstones (Les$niak, 2004). Greater
differences are observed within a single formation rather
than between various ones in one borehole. The main
diagenetic processes present in the investigated sandstones
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are: accretion, dissolution, neomorphism, transformation as
well as compaction and cementation.

Compaction and cementation dominate. Compaction al-
ways decreases initial porosity. In cementation processes
two stages were observed. In the first stage, quartz over-
growths were created. The rocks became more rigid and ini-
tial porosity is conserved. The second stage was carbonate
cementation and drastic initial porosity reduction.

In order to provide quantitative estimation of initial po-
rosity loss due to compaction and cementation processes,
the formulae elaborated by Lundegard (1992) were used.
Analysis for all sandstone samples was made. Lundegard
elaborated the formula (1), which makes possible estimating
the percentage of initial porosity loss due to mechanical
compaction.

COPL = P;i — (100 — Pi) X Pmc)(100 = Pm¢)) (1)
Pmc=Po +C;
where: Pj — initial porosity (%), Po — total optical porosity
from microscope observation (%), C — volume percentage
of pore filling cement.

G. LESNIAK ET AL.

Table 2
Parameters of similarity classes
Porosity | Permeability Threshold Fractal .
Number diameter . . Description
[%] [mD] dimension
[mm]
1| 1325 >10 220 | 2.98:2.96 | thebest
rocks
I 13-25 3-60 15-20 2.96-2.94 good
111 8-25 1-20 8-15 2.96-2.92 | moderate
v 8-25 <3 4-8 2.94-29 poor

Taking into consideration factors responsible for initial
porosity reduction (with exception of compaction), the for-
mula (2) elaborated by Lundegard (1992) was used and ini-
tial porosity reduction caused by cementation processes was
estimated:

CEPL = (P; — COPL) % (C/Pmc) 2)

Also ICOMPACT was calculated (3) to consider the
compaction factor:

ICOMPACT = COPL/(COPL + CEPL) 3)

If ICOMPACT value is equal 1, the compaction is fully
responsible for total initial porosity reduction. If ICOM-
PACT value is equal 0, the cementation effects total initial
porosity reduction. Valid use of Lundegard (1992) formula
for sandstone samples with initial porosity equal 40 and
45% requires the following conditions: loamy matrix con-
tent (<10%), porosity and cement content sum (?45%), and
allogenic origin of cement.

The results are presented in Fig. 7. Most of these results
are located in the field assigned to initial porosity reduction
as a result of compaction. Samples located in the field, as-
signed to initial porosity reduction, contain high amount of
carbonate cement. It is necessary to highlight that initial po-
rosity reduction, either as a result of cementation or com-
paction, was leading to relatively high porosity mainte-
nance. Clear dominance of compaction over cementation
processes resulting in initial porosity reduction in the
Istebna beds and Ciezkowice sandstones can be observed,
whereas in the Krosno, Menilite, and Magura beds cementa-
tion is a dominating process, which results in initial porosity
reduction.

PETROPHYSICAL INVESTIGATIONS

155 oil samples from 15 boreholes and 41 outcrops
were examined. Samples were taken from the Istebna sand-
stones, Cigzkowice sandstones, Krosno beds, Inocera- mian
beds, Cergowa beds, Menilite and Magura beds. Analyses
of porosity and capillary pressure were executed for all
samples. Gas permeability was investigated for the rocks for
which it was possible to cut plug samples (Such, 2002).

Cross plot porosity — permeability combined with the
Global Hydraulic Unit (GHU) was prepared (Corbett & Pot-
ter, 2004). It is shown in Fig. 8. Green stars signify outcrop
samples, the red ones deep — seated rocks. As it is shown in
Fig. 8, both outcrop and deep seated samples occupied the
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same GHU. This fact induces treatment of the whole data-
base with all types of sandstones from the Silesian and
Dukla units as a single file to find factors steering the reser-
voir and filtration properties and to describe the way of esti-
mating these properties in deep-seated rocks on the base of
petrophysical properties of outcrops rocks.

Fractal dimension was calculated for all samples and
the database was divided into classes of similarity (Such,
2002; Peveraro et al., 2004). Porosity, permeability, thresh-
old diameter and fractal dimension were used as parameters.
A sketch of classes of similarity is shown in Table 2.

Figure 9 presents average capillary pressure curve for
the shared classes. Finally, it is checked that filtration pa-
rameters are steered only by threshold diameter and fractal
dimension. In other words, petrographically they signify
spatial distribution of grains, their diameters, and content of
the wall as the kind of cements.

Artificial Neural Network (ANN) was used to confirm
similarity of all types of sandstones as well as that between
outcrops and deep-seated ones. Neural Works professional
[I/plus software was used. In calculations, multi-layer, one-
dimensional, with back propagation algorithm was applied
(Dartak et al., 2006). This type of simulation requires teach-
ing file. Finally, permeability calculation was performed.
Fortunately, about 50% of samples belong to the Istebna
sandstones. Hence, in the first stage of simulation, it was
only the Istebna sandstones that were examined. In the sec-
ond stage, simulation was done using the whole database.
Then the calculated values of permeability were compared
with experimental data. The quality of fitting in both cases
was practically the same. The research results indicate no
significant difference between various types of sandstones
or between outcrops and subcrop rocks.

CORRELATION ANALYSES

All measured parameters of rocks (petrophysical, pore
space parameters, grain-size distribution, and computer
analyses of microscopic images) were used in correlation
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work. Correlation matrix method was applied. It was treated
as a me- thod to check similarity of various types of the
Carpathian sandstones and that between outcrop and sub-
crop rocks within the same type of sandstone.

Petrographic investigations show that rocks from dif-
ferent stratigraphic beds have very similar structure of grain
skeleton, similar cements, and that diagenetic processes
were very similar. This confirms the results of petrophysical
investigation indicating that the main factors affecting res-
ervoir and filtration properties consist in space distribution
of these two components.

Intense processes of dissolution were observed in out-
crop rocks. Dissolution occurs both in cements (quartz and
carbonate) and detritic grains (feldspars, fragments quartz).
Petrophysical data allow us to check that these processes
generally increase porosity or conserve porosity (in vicinity
of carbonate cements), but practically do not affect filtration
properties. It means that factors affecting values of perme-
ability (grain diameter, space distribution of grains and ce-
ments) were not disturbed in outcrop samples. Correlation
analyses of petrophysical parameters and the parameters ob-
tained with the use of computer analyses of microscopic
image indicate that:

— petrophysical parameters depend on the sum of ce-
ments,

— for all shared groups (grain diameter, cement con-
tent), correlation matrixes show the same trends,

— in the rocks with cement contents greater than 15%,
carbonate cements decrease pore space parameters, but
quartz cements increase them,

— small quantity of cement content always decreases
petrophysical parameters,

— for very fine-grained and fine-grained rocks, a strong
correlation was observed for geometrical parameters of
pores calculated with the use of computer analysis of im-
ages and petrophysical parameters; there was also strong
dependence on the sum of cements. These correlations be-
came weaker for greater grain diameters. It means that the
increase of grain diameter is connected with more chaotic
development of pore space.

GEOCHEMICAL INVESTIGATIONS

Special attention in geochemical research in the Polish
Outer Carpathians is focused on the source Menilite beds,
which are now treated as the main source of hydrocarbon
generation, especially in the Silesian and Dukla units. These
sediments show great facies variability of source potential
as well as the degree of maturity (Kotarba et al., 1999;
Kusmierek et al., 1995, 1996; Kotarba & Koltun, 2000;
Matyasik & Dziadzio, 2006; Matyasik, 2006). The first in-
vestigations of Menilite beds recognized them as enriched
in organic matter rocks but not mature enough. Finally, sys-
tematic works made for PGNiG Corp and Medusa Oil &
Gas, using samples taken from tectonic windows of the
Dukla Unit show that these rocks have reached a high level
of thermal evolution (Matyasik et al., 2001). Further inves-
tigations of Menilite beds were performed in Gorlice,
Folusz and Ropa regions. The results of research confirm
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for the Menilite samples from Draganowa well

the significant role of the hydrocarbon expulsed from
Menilite source rocks in filling reservoir traps. Now, a new
set of investigations for outcrop samples was conducted.
The obtained results revealed inconsistency in geo-
chemical parameters of these rocks. Especially, the results

of thermal maturity reveal considerable variance comparing
parameters obtained using different types of methods. Ac-
cording to the reports from comparative investigation con-
ducted for source rocks using outcrops parallel with core
samples from wells, an attempt was made at estimating the
impact of weathering effect on Tmax value (from RockEval
analysis), vitrinite reflectance and biomarker indices (Petres
& Moldovan, 1991; Philp ef al., 1992; Burns ef al., 1999,
Chang & Berner, 1999; Petsch et al., 2000).

Changes of parameters related to erosion were minima-
lised by correlation results obtained for outcrop samples and
samples from equivalent formation from boreholes. Sam-
ples collected from outcrops in the Iwonicz fold area and
cores from Draganowa well (Matyasik & Stoczynski, 2007)
provide the best example for correlation work. Decrease of
n-alkanes content was observed for outcrop samples. Biode-
gradation due to bacterial activity provides another explana-
tion for n-alkanes drop. Because isoprenoids are more resis-
tant to degradation, it is impossible to calculate the factor of
deposition environment Pr/nCy7 and Ph/n Cig, which is
usually used to correlate and classify source rocks and oils.

Disintegration of steranes and hopanes is the next ele-
ment related to the weathering effect. It is revealed by the
presence of isomers characteristic for samples with high de-
gree of maturity (high concentration of pregnanes and bb
steranes), in spite of low value of vitrinite reflectance on a
level of VR = 0.37%. Weathering effect could be also re-
flected in the shift of 8!°C of aromatic fractions towards
heavier isotopes (Philp ez al., 1992). In Rock Eval analyses
weathering effect can be seen in the decrease of Sy peak. It
is related to the so-called hydrocarbons removal.

Sixty samples, mainly derived from the Menilite beds,
were examined. Outcrop samples and rocks from four bore-
holes were collected from the Dukla and Silesian units.
Menilite samples were taken from all tectonic elements of
the investigated units. Rock Eval, bitumen extraction, gas
chromatography (GC) and gas chromatography coupled
with mass spectrometry (GCMS) analyses were performed.
In the first step, the age and stratigraphic position were es-
tablished. Geochemical interpretation was focused on matu-
ration parameters. The results obtained from outcrops and
buried (taken from boreholes) samples were compared (Figs
10, 11). The impact of weathering effect was evaluated as a
minimal (lower value of S1 peak for outcrop sample). Satu-
rated hydrocarbon chromatograms exhibit very similar dis-
tribution suggesting the same organic matter input and that
bottom waters were not anoxic at the time of deposition
(Didyk et al., 1978). Biomarker distribution of aromatic
fraction is also very similar for both types of samples. It
shows that outcrop samples can be used in geochemical re-
search. This result is supported by correlation between
outcrops and buried samples from a very close area
(Fore-Dukla fold).

The results of Rock Eval for these outcrops are shown
in Fig. 10. They supported the assumed similarity of geo-
chemical features for both kinds of samples; taken from ex-
posures as well as from borehole.

Using high resolution geochemical methods such, as:
mass spectrometry of biomarkers and gas chromatography,
the analogy of genetic characteristics of both groups of sam-
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ples was confirmed. These samples contain the same char-
acteristic elements, such as steranes, hopanes and oleanane.
Distribution of these compounds shows a low maturity
level. Similar parameters and compounds of both outcrops
and borehole samples give us possibility to estimate geo-
chemical parameters of subcrop layers using results from
outcrop samples.

CONCLUSIONS

1. All types of the investigated Carpathian sandstones
reveal similar reservoir and filtration properties depending
on the threshold diameter and fractal dimension. It means
that reservoir parameters of sandstones in the whole
Carpathian flysch are steered by diagenesis processes.

2. No evident differences between outcrops and bore-
hole samples were observed.

3. Only the dissolution processes are more intense in
outcrops rocks. These processes affect only porosity and not
permeability.

4. Tt is possible to estimate all enhancements and prop-
erly evaluate the petroleum system in the Silesian and Dukla
units using outcrop samples.

5. The Menilite beds in the Draganowa well showed
good correlation with outcrops taken from Fore-Dukla fold.
Both sets of samples are characterized by same thermal ma-
turity.

6. The results of geochemical study have permitted the
reconstruction of development of the hydrocarbon genera-
tion history for this part of the Carpathians.
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