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ON THE STAGES OF ANALYTICAL STUDIES IN THE CARPATHIANS  
AT BORDERLAND OF POLAND AND UKRAINE IN LAST TWENTY YEARS

ETAPY BADAŃ ANALITYCZNYCH W KARPATACH NA POGRANICZU POLSKO-UKRAIŃSKIM  
W OSTATNIM DWUDZIESTOLECIU

Katarzyna Jarmołowicz-Szulc1

Abstract. The area of the Outer Carpathians has been under a permanent research conducted in different aspects. Last twenty years of 
the analytical studies have been the most effective. Different types of analyses have been performed, the methology of which is presented 
in the paper, as well as exemplary results in different fields – geochemistry, mineralogy and petrology. 
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Abstrakt. Obszar Karpat zewnętrznych od lat jest obiektem badań prowadzonych pod różnym kątem. Ostatnie dwudziestolecie jest 
najbardziej pod tym względem efektywne. Przeprowadzono analizy różnego typu, których metodykę zaprezentowano w pracy, jak też 
przykładowe wyniki analiz geochemicznych, mineralogicznych i petrologicznych. 

Słowa kluczowe: metody badań analitycznych, Karpaty, Polska, Ukraina.

IntroductIon

For many years the area of the Outer Carpathians has 
been under a permanent research in different aspects. That 
has concerned a complex geological structure and rocks of 
different character and genesis as well as all sorts of miner-
als present. The mineralogical, petrological and geochemical 
analyses have been conducted mostly in reference to search 
for hydrocarbons.

The geological structure of the Carpathians as a whole 
and a Polish-Ukrainian borderland as a part, were widely 
discussed in such papers as e.g. Golonka and Picha (eds, 
2006), Janočko et al. (2006), Oszczypko et al. (2006) and 
Ślączka et al. (2006). Newest carthographic elaborations 
are those at a scale of 1:200 000 showing the border-
land of Poland and Ukraine (Jankowski et al., 2004), of 
Ukraine and Romania (Jankowski et al., 2007), of Poland 

and Slovakia (Bezák et al., 2008, 2011). Based on these 
geological and carthographical foundations, detailed pet-
rographical, mineralogical and geochemical research was 
conducted (e.g. Naumko et al., 1999, 2009; Hurai et al., 
2002; Jarmołowicz-Szulc, 2009a-c; Jarmołowicz-Szulc 
et al., 2010; Jarmołowicz-Szulc and Jankowski, 2011; 
Jarmołowicz-Szulc et al., 2011a).

The bibliography concerning whole Carpathians is very 
rich and numerous covering a time interval of about a cen-
tury. That is why in the present paper, it will be limited to 
newest papers – mostly from the period of last twenty years. 
These papers contain elements from earlier studies, so such 
a limitation is significant and easy to understand.

The Oligocene–Miocene Menilite formation has been 
concerned a main maturity rock for oils in the depos-
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its of the Outer Carpathians and shows TOC over 20%. 
Last papers dealing with this formation are as follows: 
Kotlarczyk and Leśniak (1990), Bessereau et al. (1996), 
Malata (1996) and Kotarba and Koltun (2006). Hydrocar-
bon potential of this formation was characterized among 
others by: Koltun (1992), Kruge et al. (1996), Koltun et 
al. (1998) and Köster et al. (1998). Correlation between 
a source rock and oils based on geochemical analyses, 
in that for Polish Outer Carpathians, was studied by ten 

Haven et al. (1993), Curtis et al. (2004), Dziadzio and 
Matyasik (2006).

Papers dealing with the Ukrainian part of the Carpathi-
ans and the Menilite Formation of the marginal parts of the  
Polish and Ukrainian Carpathians were presented by Kotarba 
et al. (2005, 2007) and Kosakowski et al. (2008).

The aim of the present paper is to show analytical steps 
applied in the studies in the Western and Eastern Carpa- 
thians, mostly at the borderland of Poland and Ukraine.

MEtHodS oF APPLIEd StudIES

A hitherto conducted research and analytical procedures 
in the area of the Polish – Ukrainian Carpathians comprised 
many stages. They were conducted in the fields of tectonics 
and carthography, mineralogy, petrology and geochemistry. 
First of all, that concerns field works and sampling (e.g. Du-
dok and Jarmołowicz-Szulc, 2000; Jankowski et al., 2004; 
Jankowski et al., 2007). Further – preparation and macro-
scopic and microscopic evaluation of the material from the 
point of view of minerals, organic matter and inclusions; 
detailed microscopic determinations and auxiliary studies 
(e.g. Jarmołowicz-Szulc and Dudok, 2005). The microscopic 
analyses in detail correspond to the following steps (as in 
short is shown by Jankowski and Jarmołowicz-Szulc, 2009): 
standard analysis of thin sections and mineral pieces, cathod-
oluminescence studies, fluorescence studies, microthermo- 
metry.

Fluid inclusion analysis was performed on double-sided 
polished thin sections prepared based on the cold techniques 
(Roedder, 1984)..

General description and standard petrological stud-
ies comprised observations in the polarization microscope 
(Nikon Optiphot). The character of the rocks in tectonic units 
was determined in samples further analysed.

The cathodoluminescence analysis was conducted by 
use of CCL 8200 mk 3 (Cambridge Image Technology Ltd.) 
mounted on Nikon Optiphot microscope. The analysis was 
photographically registered. The cathodoluminescence stud-
ies were the auxiliary analyses (Zirkennagel, 1978). Gen-
erally, these observations have been limited in the fluid in-
clusion studies (Jarmołowicz-Szulc, 2001). From one side 
– the image of the mineral in cathodoluminescence gives an 
important piece of information on the position and relation 
of the mineral in the rock. From that point of view – cathod-
oluminescence analysis should be performed prior to micro-
thermometry. However, the electron beam falling down the 
sample and causing luminescence heats the sample, chang-
ing the original p-T conditions of the inclusions. That ex-
cludes a possibility of cathodolumninescence observations 
before the microthermometric determinations. As a solution 
– CL studies were conducted in sections twin to those stud-
ied microthermometrically. They were mostly performed in 
carbonates aiming at their sequence.

Fluorescence studies were conducted under the quartz 
lamp in uV Nikon device with filters (uV- 365 nm, blue – 

480 nm). Samples were analysed in two directions aiming 
at rock, mineral and fluid inclusion diagnosis. One direc-
tion of observations aimed at fluorescence of fluid inclu-
sions being based on the assumption that microfluorescent 
features of petroleum, strongly dependent on the aromatic 
character of hydrocarbons, are the evidence of the organic 
composition (Lumb, 1978; Burruss et al., 1991). The ob-
servations of luminescence were conducted consequently 
in one magnitude (eye-piece 15 x Nikon, objective 10 x 
Nikon).

The second direction of fluorescence studies was the 
analysis of rocks and the organic matter in samples studied 
subsequently under the microscope aiming at determinations 
of the dispersed organic matter.

Microthermometric studies of fluid inclusions were 
conducted using Fluid Inc. System mounted on the Leitz 
Orthoplan microscope. The system was calibrated against 
international standards (Reynolds, 1993). Fluid inclusions 
were analyzed in the freezing and heating moods in the 
range of temperatures from –196 to +250°C. The homog-
enization of hydrocarbon inclusions was conducted prior 
to the homogenization of the aqueous inclusions. Homog-
enization temperatures were measured prior to freezing to 
avoid a potential change in the inclusion volume (Roedder, 
1984). Characteristic values were measured in the heating 
after freezing in that freezing point depression (Bodnar, 
1990). The analytical results were calculated using comput-
er programs (earlier: FLINCOR – Brown, 1989, recently 
FLUIDS – Bakker, 2003) for AQFI and methane systems. 
That resulted in fluid density, character and composition 
(Pagel et al., 1986). Where possible, a method of cross-
ing isochors was used to estimate trapping temperature and 
pressure of HCFI and AQFI pairs (Jarmołowicz-Szulc et 
al., 2011b).

Paralelly to microscopic analyses, isotopic studies of 
light isotopes (oxygen, carbon) were performed. Rules for 
the calculations are those of O’Neil (1979).

Analysis of content of saturated hydrocarbons was per-
formed aiming at composition of the organic matter in the 
mélange zones and at comparison of those described in the 
other formations. These determinations were done both in 
the Institute of Oil and Gas in Cracow and in PGI-NRI in 
Warsaw. Determinations were performed by use of GS/MSD 
Hewlett Packard. Contents of n-alkanes and isoprenoids were 
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determined using the external detector and the biomarker 
qualitative analysis performed. Bitumens from the lenses in 
the mélange zones and samples of rocks and minerals were 
analysed (Rock-Eval; Espitalié et al., 1985) according to the 
well-known procedures (e.g. Dudok et al., 2002; Kotarba et 
al., 2005; Dziadzio and Matyasik, 2006; Kosakowski et al., 
2008; Matyasik et al., 2010).

The pyrolitic analysis was conducted by use of Vinci 
Technologies Rock-Eval 6 in the Institute of Oil and Gas 
in Cracow. Extracts were treated with n-pentane aiming 
at removal of the asphaltenes. Fractions dissolving in n-
hexane were later fractionated in the chromatographic 
column prior to GC-MS analysis. The quadrupole Fisons 
spectrometre equipped with the Quadrex capillary with 
helium as a gas medium was used. Analyses occurred in 
the whole scan system, from50 do 550 amu (e.g. Matyasik 
et al., 2010).

XRD determinations were performed by powder metod 
with a use Philipps X’ Pert PW 3020 in respect to the inter-
national standards (JCPDS).

The reflectance of the organic matter was determined both 
in the double – sided polished sections (approximate data) 
and in the polished slabs, in the reflected white and blue with 
use of polarization mikroscope Axioskop (Zeiss), equipped 
with an electronically steered microfotometer MPM 200. 
The reflectivity measurements of the organic master were 
performer in immersion (reflectivity index n = 1.515 at room 
conditions), in the monochromatic light of a wave length of 
546 nm, against a glass standard of reflectance of 1.00%. The 
diameter of the measurement blend was equal to 0.16 mm.

SEM were performed by use of two electron scanning 
microscopes: JSM – 35, JEOL and 1430, LEO, combined 
with EDS ISIS. Uncovered thin sections were analyzed be-
ing covered with a coal film.

EXAMPLES oF AnALYtIcAL rESuLtS

Multifold studies that have been conducted in the period 
of last two decades have led to numerous petrological, min-
eralogical and geochemical data. The examples of these data 
will be shown in the present paper aiming at detailed presen-
tation of the analytical stages (Fig. 1A–D).

PEtroLogIcAL rESuLtS

It is clear due to the analysis of rock samples, that sand-
stones and claystones are major types of the rocks. The sand-
stones are quartz arenites with structures changing from ran-
dom to directional (Fig. 1E). Detrital components of sand-
stones are: mono- and polycrystalline quartz, feldspars, lith-
oclasts (clasts od sedimentary, magmatic and metamorphic 
rocks). Cements are constituted of: carbonates (occasionally 
coarse, or nest forms), clay minerals, fine crystalline silica.

The claystones – siltstones and mudstones are mostly 
built of illite, calcite, quartz, iron oxides and hydroxides. The 
rock structure is more evident because of linear arrangement 
of oxides, hydroxides and, occasionally, mica flakes. Organic 
matter is either dispersed or linearly arranged (Fig. 1F).

MInErALogIcAL rESuLtS

As it results from the macroscopic observations (Dudok, 
1991; Świerczewska et al., 2000; Jankowski and Jarmołowicz-
Szulc, 2009) and microscopic studies (Jarmołowicz-Szulc 
and Dudok, 2005; Jarmołowicz-Szulc et al., 2010), the 
Carpathian flysch has been cut by different fractures and 
fissures, filled with minerals and bitumens ( Fig. 2). These 
minerals are mostly quartz and carbonates (e.g. calcite, Fig. 
2A). There are at least two generations of calcite in veins 
in the units of Polish and Ukrainian Carpathians (Dudok 
and Jarmołowicz-Szulc, 2000; Świerczewska et al., 2000; 
Jarmołowicz-Szulc and Dudok, 2005) and in the tectonic 
mélange zones (Jarmołowicz-Szulc and Jankowski, 2008; 

Jankowski and Jarmołowicz-Szulc, 2009; Jarmołowicz-
Szulc et al., 2010).

In their composition they comprise: from 47 to 49% CaO, 
0.1–0.2% TiO2 and from 0.01 to 0.5% Mn in the Dukla and 
Silesian units (Jarmołowicz-Szulc, 2001).

Despite the position in the Carpathian units, the calcite 
displays similar isotopic composition that lies in the interval 
from 19.5 to 23.5‰ (SMOW) (Table 1). That has been evi-
dently proved by Jarmołowicz-Szulc (2009a, b) and in the 
wider context by Jarmołowicz-Szulc et al. (2011b).

Carbonates present in the rocks/veins correspond to 
calcite, Mn-calcite and dolomite, Mn-dolomite, ankerite 
(Jarmołowicz-Szulc, 2009a, c). Minerals as: quartz, dolo-
mite, calcite, clay minerals, feldspars, gypsum with admix-
ture of anhydrite, some pyrite and siderite are present in 
black organic aggregates in the veins.

Quartz in steep fissures in sandstones and claystones 
(Fig. 2B), less frequently in clay shales (Lazrienko et al., 
1963; Dudok et al., 1997) occurs in the association with 
calcite and black bitumens (Fig. 2C). The youngest quartz 
generation, known as the “Marmarosh diamonds”, displays 
a specific crystal habit and composition. The δ18O isotopic 
content of this quartz is in average +22.3‰ (SMOW) and 
points to the isotopic content of paleofluid in the range be-
tween 5 and 10‰ (Jarmołowicz-Szulc, 2001).

Both petrological and mineralogical studies have proved 
an occurrence of different fluid inclusions in the calcite and 
the quartz. The spectrum of fluids trapped in inclusions is 
wide. It changes from non-fluorescing aqueous fluids (brines) 
through fluorescing hydrocarbons to non fluorescing/dull 
blue methane and carbon dioxide dioxide (Fig. 2D–F).

gEocHEMIcAL rESuLtS For bItuMEnS

Geochemical studies (Rock-Eval analyses, content and 
composition of bitumens, stable isotopes of carbon, elemen-
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Fig. 1. From sampling to microscopic studies of rocks
A – localization of samples at the Polish-Ukrainian borderland in the Carpathians (compiled from Jarmołowicz-Szulc, Jankowski, 2011 and Jarmołowicz-
Szulc et al., 2011a); b – sampling in the Ukrainian field area in the Stavne region, Ukraine; c – zone of occurrence of the Marmarosh diamonds, Latoritsa, 
Ukraine; d – calcite mineralization in macro scale, Svalava, Ukraine; E – quartz arenites of random structure, Zawadka Rymanowska, Poland, photomicro-
graph, transparent light, crossed nicols; F – claystones, Bonarówka, Poland, photomicrograph, transparent light, crossed nicols

Od opróbowania do badań mikroskopowych skał
A – miejsca opróbowania na pograniczu polsko-ukraińskim w Karpatach (kompilacja na podstawie Jarmołowicz-Szulc, Jankowski, 2011 oraz Jarmołowicz-
Szulc i in., 2011a); b – odsłonięcie w regionie Stavne, Ukraina; C – strefa występowania diamentów marmaroskich, Latorica, Ukraina; d – mineralizacja 
kalcytowa w skali makroskopowej, Svalava, Ukraina; E – arenity kwarcowe o strukturze bezładnej, Zawadka Rymanowska, Polska, mikrofotografia, światło 
przechodzące, nikole skrzyżowane; F – iłowiec, Bonarówka, Polska, mikrofotografia, światło przechodzące, nikole skrzyżowane
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Fig. 2. From sampling to microscopic studies of minerals and bitumens
A – sampling in the field (carbonate veins, Nyzhni Vorota region, Ukraine); b – sampling of bitumens (Stavne region, Ukraine; c – quartz – calcite – bitumen 
association; d – fluid inclusions in quartz – non- fluorescing brine inclusions; E – fluid inclusions in quartz – two phase oil inclusions; fluorescence in 
ultraviolet light; F – fluid inclusions in quartz – non-fluorescing carbon dioxide inlusion

Od opróbowania po badania mikroskopowe minerałów i bituminów
A – opróbowanie w terenie – żyły węglanowe, region Nyzhni Vorota, Ukraina; b – opróbowanie bitumów, region Stavne, Ukraina; c – asocjacja kwarc 
– kalcyt – bituminy; d – inkluzje fluidalne w kwarcu – nieświecące inkluzje solankowe; E – inkluzje fluidalne w kwarcu – dwufazowe inkluzje ropy; 
fluorescencja w nadfiolecie; F – inkluzje fluidalne w kwarcu – nieświecące inkluzje dwutlenku węgla
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Ta b l e  1
Isotopic determinations in calcite (oxygen and carbon) and in quartz (oxygen)

Oznaczenia izotopowe w kalcycie (tlen i węgiel) oraz w kwarcu (tlen) 

Part of Carpathians δ13CPDB [‰] δ18OSMOW [‰] References

Poland

Ukraine

(–3.0) – (–0.8)
(–3.5) – (+1.1)
(–1.4) – (+0.5)

(+20.6) – (+21.9)
(+19.7) – (+27.7)
(+20.6) – (+28.6)

CALCITE
Jarmołowicz-Szulc, Dudok, 2005
Jarmołowicz-Szulc, 2009b

Poland, Ukraine, Slovakia (–6.25) – (+1.54) (+17.1) – (+25.2)
CALCITE

Jarmołowicz-Szulc et al., 2011a

Poland, Ukraine (+23.2) – (+27.4)
QUARTZ

Jarmołowicz-Szulc, Dudok, 2005;
Jarmołowicz-Szulc et al., 2011a

tary analysis of kerogen etc.) have been performed in samples 
of menilitic shales of the Skole (Skiba) and Boryslav-Po-
kuttya units (Kotarba et al., 2007; Kosakowski et al., 2008), 
in the filling of fissures in the mélange zones (Jarmołowicz-
Szulc, 2009a-c; Jankowski and Jarmołowicz-Szulc, 2009) 
and in mineral associations and bitumens filling fractures 
in different Carpathian units as the Dukla, Silesia (Krosno), 
Boryslav-Pokuttya, Węglówka and Magura units (Dudok 
et al., 2002; Matyasik et al., 2010; Jarmołowicz-Szulc and 
Jankowski, 2011). They have resulted in numerous data on 
content, genetical types and maturity of dispersed organic 
matter (Table 2).

The deposits are rich in organic carbon; their TOC is from 
2–8 wt. %, exceeding locally 10 wt.% (Skole, Boryslav-Po-
kuttya, Kosakowski et al., 2008). Oil productive II kerogen 
dominates, with a varying component of type III kerogen. 
The menilitic shales in the Boryslav-Pokuttya unit have 
higher hydrocarbon potential than those in the Skole (Skiba) 
unit. The alteration degree is variable. They are immature 
in the outcrops, while in “oil window” when covered by the 
Skole thrust, contrary to the rocks of the Skole unit.

According to the isotopic results of determinations of bi-
tumens, values obtained in the Ukrainain and Polish parts of 
the Carpathians are similar (Table 3).

Ta b l e  2
Characteristic features of organic matter in different Carpathian units based on geochemical analyses 
Charakterystyka materii organicznej w różnych jednostkach karpackich na podstawie analiz geochemicznych

Unit Analyzed 
material 

TOC  
[weight %] Type of kerogen Maturity References

Dukla

Menilitic rocks, 
oil, gas

0.4–5.4 II & II/III Immature & mature

Kotarba et al.,  
2007 

Krosno (Silesian)  
Skiba (Skole)

0.4–20.2 (Pl) 
1.0–7.8 (UA)
1.7–12.6 (Pl) 

II & II/III 
I & II/III 
II & II/III

Immature & mature 
Immature & low mature

Boryslav-Pokuttya 2.5–16.9 (UA) 
1.0–12.5

II
II & II/III

Immature
Immature & low mature

Boryslav-Pokuttya
Skole Menilitic schists 2–8 II & III Immature/ mature

Immature
Kosakowski et al., 
2008 

Dukla
Silesian (Krosno)

Black schists of 
menilitic type

1.9–2.5
2.1

II/III
III

Mature
Mature

Jarmołowicz-Szulc, 
Jankowski, 2011Boryslav-Pokuttya 2.9–3.2 III Immature

Skole
Węglówka
Magura

3.5–7.0
1.2

1.2–2.0

II
II/ III

II

Immature
Mature
Immature 

Values in tables rounded
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concLuSIonS

Ta b l e  3
Isotopic determination for bitumens (carbon) from the Carpathian Silesian  

(Krosno) and Dukla units
Oznaczenia izotopowe dla bituminów (węgiel) z jednostek śląskiej (Krosno)  

i dukielskiej Karpat

δ13CPDB [‰] References 

Poland (–26.3) – (–24.3) Jarmołowicz-Szulc, Dudok, 2005

Ukraine (–26.3) – (–25.9) Jarmołowicz-Szulc, 2009b

Mineralogical, petrological and geochemical studies per-
formed for the rocks, minerals and bitumens (organic matter) 
from different localities in the Western and Eastern Carpa- 
thians at the boundary between Poland and Ukraine roughly 
within last twenty years have shown a diversity of this study 
material and a complexity of the existing processes. Min-
eral forming, oil and gas generation and migration processes 
are to be mentioned here. Their nature was very complicated 
and they had many different stages. The results of succes-
sive multidirectional studies have given a solid basement 
for a wide interpretation (Kalyuzhnyi and Sachno, 1998; 
Dudok and Jarmołowicz-Szulc, 2000; Dudok et al., 2002; 
Jarmołowicz-Szulc and Dudok, 2005; Kotarba et al., 2007; 
Jarmołowicz-Szulc and Jankowski, 2008, 2011; Kosakowski 

et al., 2008; Naumko et al., 2009; Jarmołowicz-Szulc et al., 
2010, 2011b).
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SuMMArY

For many years the area of the Outer Carpathians has 
been under a permanent research in different aspects. That 
has concerned a complex geological structure and rocks of 
different character and genesis as well as all sorts of miner-
als present. The mineralogical, petrological and geochemical 
analyses have been conducted mostly in reference to search 
on hydrocarbons.

A hitherto conducted research and analytical procedures in 
the area of the Polish-Ukrainian Carpathians comprised many 
stages. They were conducted in the fields of tectonics and 
carthography, mineralogy, petrology and geochemistry. First 
of all, that concerns field works and sampling (e.g. Dudok and 
Jarmołowicz-Szulc, 2000; Jankowski et al., 2004; Jankowski 
et al., 2007). Further – preparation and macroscopic and mi-
croscopic evaluation of the material from the point of view of 
minerals, organic matter and inclusions; detailed microscopic 
determinations and auxiliary studies (e.g. Jarmołowicz-Szulc 
and Dudok, 2005). The microscopic analyses in detail corre-
spond to the following steps (as in short is shown by Jankows-

ki and Jarmołowicz-Szulc, 2009): – standard analysis of thin 
sections and mineral pieces; – cathodoluminescence studies; 
– fluorescence studies; – microthermometry.

Multifold studies that have been conducted in the period 
of last two decades have led to numerous petrological, min-
eralogical and geochemical data. The examples of these data 
will be shown in the present paper aiming at detailed presen-
tation of the analytical stages

In conclusion, mineralogical, petrological and geochemi-
cal studies performed for the rocks, minerals and bitumens 
(organic matter) from different localities in the Western and 
Eastern Carpathians at the boundary between Poland and 
Ukraine roughly within last twenty years have shown a di-
versity of this study material and a complexity of the exist-
ing processes. Mineral forming, oil and gas generation and 
migration processes are to be mentioned here. Their nature 
was very complicated and they had many different stages. 
The results of successive multidirectional studies have given 
a solid basement for a wide interpretation.
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