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Introduction and aims

The Neogene Pannonian Basin formed part of the Central Paratethys and is
underlain by the Eocene and Oligocene sediments of the Hungarian Palaeo-
gene Basin (Tari et al., 1993). In the Pannonian Basin, there are six known
hydrocarbon systems and the Palaeogene hydrocarbon system belongs to the
Hungarian Palaeogene Basin (Dolton, 2006), which is located in the north-
central part of Hungary. The Hungarian Palaeogene Basin is interpreted as a
retro-arc flexural foreland basin, where the depositional facies migrated to-
wards the east-northeast according to the present position (Tari et al., 1993;
Kovac etal., 2016). The tectonic evolution has been related to normal faulting
and strike-slip regimes (Palotai, 2013 and references therein). The term Pal-
aeogene Basin comprises all sedimentary sequences, forming a single cycle
from the Eocene to the Early Ottnangian (Sztané and Tari, 1993).

The Palaeogene sediments are unconformably overly the Mesozoic base-
ment. The generalized lithostratigraphy begins with sediments showing a
continuous upward transition from a terrigenous to a lagoonal environment,
the Eocene Kosd Formation (Gidai, 1978; Less, 2005). The Kosd Formation
is followed by the shelf deposits of the Szépvolgy Limestone Formation (Ka-
zmér, 1985). The continued subsidence and the east-northeast trending of the
depositional facies caused the deposition of the Buda Marl Formation under
oxygen-depleted conditions (Less, 2005; Nagymarosy and Baldi-Beke, 1988;
Ozsvart et al., 2016). The sediments of the Tard Clay Formation accumulated
in a euxinic basin (Baldi, 1984, Bechtel et al., 2012) then the Kiscell Clay
Formation settled down in a well-oxygenated depositional environment
(Baldi and Baldi-Beke, 1985). The sedimentary sequence of the Hungarian
Palaeogene Basin is covered by thick Neogene sediments.

In the last few decades, several hydrocarbon reservoirs have been discovered
in the Hungarian Palaeogene Basin. Hydrocarbons were detected in the frac-
tured and weathered Mesozoic basement rocks in the research area. The basal
conglomerate and breccia and the sandstone sequence of the Kosd Formation
also form reservoirs and host substantial amounts of hydrocarbons. The
karstified Szépvolgy Limestone and turbidite sandstone bodies within the
Kiscell Clay Formation and the clastic sediments of the Miocene formations
also serve as targets of exploration activities (Dolton, 2006). The reservoirs
were discovered along with various structural, stratigraphic and combination
trap types within the study area (Kokai, 1994; Dolton, 2006).

Fine-grained, organic matter-rich sediments within the Eocene and Oligocene
succession were recognized as potential source rocks (e.g., Badics and Vetd,



2012; Bechtel et al., 2012; Brukner-Wein et al., 1990; Milota et al., 1995). It
is widely accepted that the Lower Oligocene Tard Clay Formation provides
the most important source rocks (Bechtel et al., 2012; Brukner-Wein et al.,
1990; Hertelendi and Vetd, 1991; Milota et al., 1995). However, the Late Eo-
cene Buda Marl Formation (Sachsenhofer et al., 2018a, 2018b) and Late Ol-
igocene Kiscell Clay Formation (Milota et al., 1995) were also considered as
potential source rocks.

Boreholes, drilled in the early 2000s in the south-central part of the Hungar-
ian Palaeogene Basin, penetrated Eocene mixed siliciclastic-carbonate se-
quence, forming hydrocarbon reservoirs and coal-bearing sequences of the
Kosd Formation beneath the Oligocene source rocks. The Oligocene source
rocks have been investigated by several authors (e.g., Badics and Vet6, 2012;
Bechtel et al., 2012; Milota et al., 1995; Sachsenhofer et al., 2018a, 2018b),
but the Eocene Kosd Formation remained largely uninvestigated. Compre-
hensive organic geochemical studies have only been performed on sediments
of the Tard Clay Formation (Bechtel et al., 2012), whereas in-depth investi-
gations are still missing for the Kosd, Buda Marl and Kiscell Clay formations.
Furthermore, the detailed analysis of crude oils and thorough oil-to-source
rock correlation are also absent. Besides the missing organic geochemical
analyses of the potential source rocks and oil-to-source rock correlation, the
Eocene mixed siliciclastic-carbonate reservoir section also waits for detailed
investigation. These reservoirs are characterised by diverse reservoir quality.
The initial high production capacity of the reservoirs can only be maintained
by multiple workover activities (Radovics et al., 2017). To maintain favour-
able production capacity, a detailed investigation of diagenetic processes
characterising the Eocene mixed siliciclastic-carbonate reservoir rocks and
their surroundings is needed as a prerequisite for appropriate reservoir de-
scription.

This study focuses on the south-central part of the Hungarian Palaeogene Ba-
sin. The aims are to (i) enhance the understanding of the depositional envi-
ronment and organic matter sources of the coal-bearing Kosd Formation, (ii)
estimate the hydrocarbon potential of deep Eocene Kosd coal, moreover, (iii)
advance knowledge of the petroleum system by characterising the maturity
and source rock potential of the Upper Eocene (Kosd and Buda Marl for-
mations) and Oligocene (Tard Clay and Kiscell Clay formations) succession,
(iv) determine the source rock facies of crude oils produced in several oil
fields in the Hungarian Palaeogene Basin, (v) correlate these crude oils to the
source rock formation, furthermore, (vi) call attention on specific diagenetic



processes that determine the quality of the Eocene mixed siliciclastic-car-
bonate reservoirs and their surroundings in the Hungarian Palaeogene Basin.

Methods applied

To achieve these goals, organic petrological and organic geochemical anal-
yses were performed. Maceral composition, petrography-based facies indica-
tors and biomarker analysis were used to reconstruct the paleoenvironments
and peat-forming floral changes. Maturity and source rock potential of the
Palaeogene succession were assessed using numerous Rock-Eval data from
deep boreholes. Biomarker data of the crude oil samples were applied to re-
construct the depositional environment of their source rocks. Qil-to-source
rock correlation was based on biomarker and compound-specific isotope data
from oil and source rock samples. Moreover, inorganic optical petrography,
qualitative and semi-quantitative analysis of the mineral phases, stable iso-
tope and fluid inclusion analyses were performed to understand the diagenetic
processes of the Eocene mixed siliciclastic-carbonate succession.

Organic and inorganic micropetrographic analyses were performed on whole-
rock polished blocks and thin sections using Leica DM4P, Olympus BX41
and Brunel SP300P microscopes. Mean random reflectance of telovitrinite
was measured according to the methods of Taylor et al. (1998), and reflec-
tance values were processed by image analysis.

Powdered rock samples were analysed in duplicate for total sulphur and total
carbon contents using an ELTRA Helios CS-580A analyser. Samples pre-
treated with hot and diluted HsPO4 were used to determine total organic car-
bon content. Ash yields were determined according to standard procedures
(ASTM, 2018). Pyrolysis was carried out using a Rock-Eval 6 instrument
(Lafargue et al., 1998).

Representative portions of powdered rock samples were extracted using a Di-
onex ASE 350 accelerated solvent extractor. The crude oil samples and the
concentrated extracts were diluted by a mixture of hexane—dichloromethane
(80:1) solution and insoluble asphaltenes were precipitated, and separated by
centrifugation. Hexane diluted and dissolved the maltenes, which were in-
jected into a Margot Kohnen-Willsch medium-pressure liquid chromatog-
raphy instrument to separate the NSO (containing nitrogen, sulphur and oxy-
gen), saturated and aromatic compounds (Radke et al. 1980). The saturated
and aromatic compounds were concentrated and internal standards were
added (deuterated n-tetracosane and 1,1’-binaphthyl, respectively). The nor-
mal and branched—cyclic alkanes were further separated for compound-
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specific isotope analyses using an improved 5A molecular sieve method
(Grice et al., 2008).

The saturated hydrocarbon fractions were analysed using a Thermo Scientific
TraceGC gas chromatograph attached to a flame ionisation detector, installed
with an HP-PONA fused silica capillary column (50 m, i.d. 0.2 mm; 0.5 pm
film thickness). A gas chromatograph coupled to a ThermoFisher ISQ mass
spectrometer equipped with a DB-5MS fused silica capillary column (60 m,
i.d. 0.25 mm; 0.25 um film thickness) was used to analyse the saturated and
aromatic hydrocarbon fractions. Data were processed using an Xcalibur data
system. Individual compounds were identified based on retention time. The
concentration of n-alkanes and acyclic isoprenoids, as well as the correspond-
ing concentration ratios, are based on peak area integration compared to the
internal standard. Absolute concentrations and relative percentages of differ-
ent compound groups were estimated using peak areas of internal standards
in the total ion current chromatograms, or by integrating peak areas in con-
venient mass chromatograms employing response factors to quantify the total
ion abundance.

Stable carbon isotope measurements of n-alkanes were performed on selected
samples, including crude oils and rock extracts from drill cores, using a Trace
GC instrument coupled to a ThermoFisher DELTA-V IR mass spectrometer
via a GC isolink combustion interface. CO, was injected during each analysis
as monitoring gas. The GC column and temperature programme used were
the same as above. The saturated and aromatic hydrocarbon fractions of se-
lected crude oils and rock extracts from drill cuttings were placed into tinfoil
boats for the bulk carbon isotope analyses and combusted in an oxygen at-
mosphere using an elemental analyser (Flash EA 1112) at 1020 °C. The
evolving CO, was separated by column chromatography and analysed online
using a DELTA-V IR-MS. The ¥C/*2C isotope ratios of CO, were compared
with the monitoring gas. Stable isotope ratios are expressed relative to the
Vienna Pee Dee Belemnite (V-PDB) standard in delta notation (5'3C =
[(3*3C/8%2C)sampie/(33C/62C)standgara — 1]; Coplen, 2011).

A Reliotron VII cold-cathode cathodoluminescence (CL) device assembled
on an Olympus BX43 polarising microscope equipped with an Olympus
DP73 digital camera was used for CL microscopy.

X-ray powder diffraction measurements were performed for qualitative and
semi-quantitative analysis of the mineral phases in sandstones and siltstones.
The clay fraction was separated and oriented clay specimens were made. The
homogenised bulk samples and air-dried clay specimens were measured on
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standard sample holders using a Rigaku Ultima IV X-ray diffractometer
(CuKa radiation, Bragg-Brentano geometry, secondary graphite mono-
chromator, proportional counter, divergence and detector slits of 2/3°). Qual-
itative interpretation of the samples was done by the International Centre for
Diffraction Data database of Rigaku PDXL 1.8 software. Semi-quantitative
compositions of the bulk samples were determined by the reference intensity
ratio method. The semi-quantitative composition of the clay fraction was es-
timated by the integrated area of the conventionally used basal reflections and
correction factors of Poppe et al. (2001).

Scanning electron microscopy was applied for the characterisation of pore-
filling minerals. Freshly broken, approximately 1 cm?® rock fragments and
thin sections were gold coated and analysed by a Hitachi S-4700 field emis-
sion scanning electron microscope combined with a Bruker (former Rontec)
QX2 energy dispersive X-ray fluorescence spectrometer.

Stable carbon and oxygen isotope measurements of carbonates were per-
formed in selected samples. Powder samples were taken by a hand-held drill.
The pulverized samples were solvent extracted, using 20 ml chloroform, ac-
etone then ethanol in two runs, to avoid contamination caused by solid bitu-
men and oil stain. Milli-Q water was used to flush the samples. The samples
were analysed using a continuous flow technique with the H3PO4 digestion
method (Spotl and Vennemann, 2003). The isotope ratios of CO», generated
by the acid reaction, were measured using a Thermo Finnigan DELTA plus
XP IR mass spectrometer through a GasBench interface. Stable isotope ratios
are expressed relative to the Vienna Pee Dee Belemnite standard (V-PDB) in
delta notation (Coplen, 2011).

Fluid inclusion petrography, microthermometry, UV-fluorescence and Ra-
man microspectroscopy were performed on thick sections. Fluid inclusion
assemblages were characterised following the instructions of Goldstein and
Reynolds (1994). Linkam MDSG-600 and THMSG-600 heating-freezing
stages mounted on an Olympus BX41 polarizing microscope were used for
microthermometry. Terms and symbols suggested by Diamond (2003) were
used during the study. Volume fractions of the vapour and liquid phases (¢v)
were estimated at room temperature. Salinity values of aqueous inclusions
(Al) were calculated by final ice-melting temperatures and reported in mass
per cent (mass%) of NaCl equivalent (Bodnar, 1993; Bakker, 2003).

UV-fluorescence micro-spectroscopy was utilized to characterise the hydro-
carbon-bearing fluid inclusions. An Olympus BX41 polarizing microscope
equipped with a 100 W high-pressure Hg lamp and an Olympus U-MNU-2
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filter set for ultraviolet (360-370 nm) and Olympus U-MWBV2 filter set for
blue-violet (400—440 nm) excitation was used for analysis. The spectra were
recorded by an Ocean Optics QE PRO spectrometer connected through a
QP115-025-XSR optical fibre to an Olympus BX41 polarization microscope.
The comparison between different petroleum types was done by the transfor-
mation of each spectrum to XYZ chromaticity coordinates and was plotted
on CIE-1931 (Commission Internationale d’Eclairage) chromaticity chart
(Smith and Guild, 1931).

Raman spectroscopy was applied to identify the volatile phases of Fls. The
measurements were carried out on a Thermo Scientific DXR confocal Raman
microscope. A frequency-doubled diode-pumped solid-state Nd-YAG 532
nm wavelength laser with a 100x objective lens at 5 mW laser power was
used. The Raman shifts were compared to the outcomes of Frezzotti et al.
(2012) for qualitative results.

New scientific results

The investigation of the coal measure of the Eocene Kosd Formation in the
northern Pannonian Basin has yielded important new results regarding its
depositional environment, organic matter source and hydrocarbon potential:

T1 The coal measure evolved in a marine deltaic environment. The accumu-
lation of peat-forming vegetation in a low-lying, rheotrophic mire was af-
fected by fluctuations of the water table. Slightly alkaline conditions and the
depletion in dissolved oxygen noted in the sediments promoted the reduction
of sulphates by sulphate-reducing bacteria and bacterial decomposition of
plant remains. In addition to the high sulphur contents observed (max. 8.8
wt%), the orange-brown fluorescence colour of vitrinite and its strong swell-
ing during pyrolysis are typical indicators of marine-influenced coals.

T2 The peat-forming flora was dominated by land plants with varying con-
tributions of algae and aquatic macrophytes. Similar to other Eocene coal
seams, angiosperms predominated over gymnosperms. An upward increase
in the relative contribution of gymnosperms (e.g., Cupressaceae) to the bio-
mass is observed at a depth between 2599.0 and 2604.4 m. The organic matter
in the paleomire was highly reworked by microbial processing. Dense flour-
ishing vegetation established a CO»-limited environment forcing aquatic
plants to utilise HCO3~ during photosynthesis.

T3 Vitrinite reflectance, Tmax, and biomarker indices denote that organic
matter in the Kosd Formation (as identified in deep borehole W-1) is ther-
mally mature and suggests that the Kosd coal reached the high-volatile
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bituminous rank in the research area. This is higher than the rank of the sub-
bituminous coal in the shallow Kosd coalfield of the North Hungarian Moun-
tains. This advanced maturity influenced the molecular and isotopic compo-
sition of hydrocarbons. Rock-Eval pyrolysis results indicate that the coaly
samples studied are gas- and oil-prone and have reached the maturity thresh-
old for first gas generation and the onset of oil expulsion.

The previously considered but hypothetical model of the petroleum system
in the Hungarian Palaeogene Basin has been clarified in this study. The de-
tailed organic geochemical investigation of the Upper Eocene and Oligocene
source rocks and accumulated oils in the Hungarian Palaeogene Basin led to
the following conclusions:

T4 The sediments of the Kosd, Buda Marl and Tard Clay formations are iden-
tified as hydrocarbon-generating source rocks. In contrast, the involved rocks
of the Kiscell Clay Formation are interpreted as non-source rocks. The spatial
distribution and Rock-Eval characteristics of the former formations indicate
diverse petroleum potential along the study area.

T5 Molecular parameters of crude oil samples indicate a shaly source rock
deposited in a marine/brackish environment. Salinity stratification, causing
the development of oxygen-depleted conditions, is likely. Aquatic biomass,
including algae, dino-flagellates and chemoautotrophic bacteria, dominates
the accumulated organic matter. Minor angiosperm-dominated organic mat-
ter is transported into the basin from the shoreline.

T6 The molecular composition of accumulated crude oils determines the Tard
Clay as the most probable source rock. Minor differences in source-related
biomarker parameters are assumed to be caused by vertical and lateral varia-
tions in the source facies. Considering the maturity parameters and the com-
mon V-shape pattern in the compound-specific carbon isotope profile of n-
alkanes in sediment extracts, deposited during nannoplankton zones, NP21 to
NP23, a contributing source from the Buda Marl is assumable. Therefore,
detailed organic geochemical studies of the Buda Marls are highly recom-
mended to explore the significance of these findings.

The detailed investigation of an Eocene mixed siliciclastic—carbonate succes-
sion in the northern Pannonian Basin resulted in the following conclusions.

T7 The shallow-marine depositional environment controlled the eogenetic
processes. The sandy carbonate shelf provided suitable conditions for bacte-
rial sulphate reduction. Extensive calcite cementation and neomorphism re-
sulted in the loss of reservoir quality and lateral homogeneity. Whereas, the



meteoric water incursion during sea-level lowstand at shallow burial en-
hanced the reservoir properties by the development of intragranular and in-
tergranular porosity and also resulted in important vertical heterogeneity. Ka-
olinite formation and conversion into dickite during burial diagenesis on the
one hand increased secondary porosity since it consumed feldspar and clay
intraclasts but on the other hand partly reduced permeability as kaolinite
clogged some of the pore spaces. Besides kaolinization, chemical compaction
during increasing burial provided a sufficient source of silica for quartz ce-
mentation. The earlier alteration of feldspar resulted in a lack of potassium
supply for late-diagenetic illite formation. The progressive transformation of
smectite via mixed-layer illite/smectite to illite in the basin-wide mudstones
released a considerable amount of Mg?* and Fe?* for dolomite formation. Do-
lomite replacement may have locally improved porosity. Hydrocarbon em-
placement with accompanying late pyrite formation further deteriorated po-
rosity. The tectonostratigraphic evolution of the study area, i.e., propagation
and cementation of the fault system by late ferroan calcite, contributed to im-
proving and reducing the lateral and vertical fluid flow. These steps collec-
tively resulted in a heterogenic reservoir, characterising the Eocene lithology
in the Hungarian Palaeogene Basin.

Osszefoglalas

A doktori kutatasomban a Kozponti-Paratethys Eszak-magyarorszagi teriile-
tén, az Ggynevezett Eszak-magyarorszagi Paleogén-medencében feltart
szénhidrogén rendszer vizsgalataval foglalkoztam. A kutatasi teriilet az
Eszak-magyarorszagi Paleogén-medence kozépsé részén helyezkedik el. A
Paleogén-medence kialakulasa egy iv-mogotti medence elbterében tortént,
amelyben az iledékképzodési kornyezetek kelet-északkelet iranyban
vandoroltak (Tari és mtsai., 1993; Kova¢ és mtsai., 2016). A medence
fejlédését intenziv lemeztektonikai események kisérték (Palotai, 2013), ame-
lokapacitasat. A vizsgalt medence altalanos foldtani felépitésére jellemzd,
hogy a mezozods aljzatra liledékhézaggal telepiil a paleogén osszlet, ame-
lynek kezdd tagja az eocén kort Kosdi Formacio. Ennek alsé részét
szarazfoldi, mig fels6 részét édes-, késébb csokkent sosvizli kdrnyezetben
lerakodott kézetek épitik fel (Gidai, 1978; Less, 2005). Ennek a fed6jét a
sekélytengeri karbonatrampa kifejlédésti Szépvolgyi Mészk6 Formacio iile-
deékei alkotjak (Kéazmér, 1985). Ezt a medence faciesi Budai Marga
Formacio, a mély szublitoralis Tardi Agyag Formacio és a sekély szublitora-
lis Kiscelli Agyag Formaci6 iiledékes kbzetei kovetik (Baldi, 1984; Baldi és
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Baldi-Beke, 1985; Bechtel és mtsai., 2012; Less, 2005; Nagymarosy és Baldi-
Beke, 1988; Ozsvart és mtsai., 2016). A paleogén koru iiledékeket jelentds
vastagsagl neogén kora képzédmények zarjak.

Az utobbi néhany évtizedben szdmos szénhidrogén-kutatoé firas mélyiilt az
Eszak-magyarorszagi ~ Paleogén-medence terilletén, amelyek nagy
vastagsagban tartak fel szervesanyagban gazdag paleogén koru finomtor-
melékes kézeteket (pl., Badics és Vet6, 2012; Bechtel és mtsai., 2012;
Brukner-Wein és mtsai., 1990; Hertelendi és Vet6, 1991; Milota és mtsai.,
1995; Sachsenhofer és mtsai., 2018a, 2018b) és sziliciklasztos, karbonatos,
valamint kevert sziliciklasztos ¢és karbonatos szénhidrogéntarold
képzédményeket (Dolton, 2006; Kokai, 1994).

Doktori kutaté munkamban az Eszak-magyarorszagi Paleogén-medence
szénhidrogén rendszerének vizsgalatat és az eddigi ismeretanyag pontositasat
tliztem ki célul, hogy (1) feltarjam, az eddig részletesen nem vizsgalt Kosdi
Formacio szén-tartalma Osszletének eredetét, beleértve a felhalmozddott
a barnakOszén szénhidrogén generaldé kapacitdsat. Ezenfelill kiemelt
figyelmet forditottam a szénhidrogénrendszer egyes elemeinek pontositasara,
hogy (3) részmedence-1éptékben bemutassam a szervesanyagban gazdag
paleogén koru finomtérmelékes kézetek szénhidrogén generald potencialjat,
(4) megallapitsam mind a hagyomanyos, mind a nem-hagyomanyos szénhi-
drogén tarolokbol termelt fluidumok eredetét, valamint (5) biomarkerek
alapjan korrelaljam a k6olajat és annak anyakézetét. A kevert sziliciklasztos
és karbonatos tarolokézeteket jellemz6 és a kitermelést megnehezitd
rezervoar-heterogenitasanak feltarasa érdekében (6) ismertessem a taro-
16k6zet és kornyezetének diagenetikus fejlédéstorténetét.

Az Eszak-magyarorszagi Paleogén-medence kozponti részén fekvé eocén
kort Kosdi Formacio szén-tartalmt 6sszletének vizsgalata soran az alabbi 1)
tudomanyos eredmények sziilettek a felhalmozodasi kornyezet, a prekurzor
szervesanyag és a szénhidrogén potencial tekintetében:

A szenes 0sszlet alacsonyan fekvé reotrof lapban, tengeri deltai kornyezetben
halmozodott fel, amelyre a talajvizszint ingadozasa jelent6s hatassal volt. A
lapban kialakult enyhén lugos kémhatas és az oldott oxigén tartalom csdkken-
¢ése megfeleld kdrnyezeti koriilményeket biztositott a szulfatredukald bakté-
riumok élettevékenységének és a novényi maradvanyok bakterialis lebonta-
sanak. A magas kéntartalom (max. 8,8 tomeg%) mellett, a vitrinit
narancssarga-barna fluoreszcens szine és a pirolizis soran tapasztalt jelentds
mértéki duzzadas a tengeri kornyezetben tortént felhalmozddast bizonyitja.
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A t6zegképz0 florat a magasabbrendil szarazfoldi névények uraltak, a mosza-
tok és vizi makrofitak valtozdé mértékii megjelenése mellett. Az eocén korti
széntelepekhez hasonléan a zarvatermék dominaltak a nyitvatermékkel
szemben. Mindazonaltal a vizsgalt rétegsorban a nyitvatermék (pl. Cupres-
saceae) fokozatosan névekvd hozzajarulasa figyelhet6 meg, az a normal ré-
tegzodést feltételezve a fiatalabb iiledékek szervesanyagaban dusul. A
letilepedett szervesanyagot jelentdsen atdolgozta a mikrobidlis tevékenység.
A sliri, viragzo novényzet CO»-korlatozott kdrnyezetet hozott 1étre, amely a
vizi névényeket a HCO3™ felhasznalasara késztette azok fotoszintézis soran.

A vitrinit reflexié, Tmax ¢és biomarker indexek azt jelzik, hogy a Kosdi
Formacio szervesanyaga (a W—1 mélyfurasban) termikusan érett, a vizsgalt
teriileten a szenes Osszlet elérte a nagy illékonysagu bitumenes kdszén allapo-
tot. Ez magasabb, mint az Eszak-magyarorszagi-kozéphegység sekély Kosdi
szénmezbjében feltart szubbitumenes készén esetében. Ez az el6rehaladott
termikus érettség befolyasolta a szénhidrogének molekularis és stabil
izotopos osszetételét. A Rock-Eval pirolizis eredményei azt mutatjak, hogy a
vizsgalt készénmintak gaz-és-olaj-generalasara alkalmasak, és elérték az elsé
gazképzOdés és az olajkiszoritas kezdetének érettségi kiiszobét.

Az Eszak-magyarorszagi Paleogén-medence hipotetikus szénhidrogén rend-
szerének modelljét a kutatdsi eredményeim pontositjadk. A magas
szervesanyag tartalmu finomtdrmelékes kozetek és a termelt kdolaj részletes
szerves geokémiai vizsgalata alapjan a Kosdi, Budai Marga és Tard Agyag
formaciok szervesanyagban gazdag fliledékei tekinthetdk anyakdzetnek.
Ezzel szemben a Kiscelli Agyag Formacio kézeteit nem lehet anyakozetként
értelmezni. A képzédmények térbeli eloszlasa és azok Rock-Eval jellemz6i
valtozatos szénhidrogén-generald potencialra utalnak a vizsgalt teriileten.

A koolajmintak molekularis dsszetétele alapjan azok eredeti szervesanyaga
tengeri és/vagy brakkvizi kornyezetben leiilepedett agyagos kozetben
halmozodott fel. A sotartalom kiilonbség miatt kialakult vizrétegz6dés
valoszinisithet, ami oxigénhianyos allapot kialakulasat eredményezte. A
Szervesanyagot a vizi biomassza uralta, beleértve az algakat, dinoflagellato-
kat és kemoautotrof baktériumokat. Kisebb mennyiségli, zarvatermo
dominans magasabb rendii novényi Szervesanyag a partvonal feldl keriilt a
medencébe.

A felhalmozodott kéolajok, azok biomarker osszetételilk alapjan a Tardi
Agyag Formacio képzédményeivel mutanak rokonsagot. Az &skdrnyezet
rekonstrukcid soran feltart enyhébb eltérések a forraskdzet litofaciesének
vertikalis és horizontalis valtozékonysagara mutatnak rd. Amennyiben
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figyelembe vessziik a vizsgalt kézetek termikus érettségét és a nanoplankton,
NP21 és NP23 zonaban felhalmozddott iiledékek komponens-specifikus (n-
alkan) szénizotopos dsszetételre jellemz6 V-alaka mintazatot, akkor feltétele-
zhetd, hogy a Budai Marga Formadci6 iiledékei is hozzéjarulhattak a fel-
halmozddott szénhidrogénekhez. Ezért a Budai Marga Formacio részletes
szerves geokémiai vizsgalata kifejezetten ajanlott ezen megfigyelések je-
lentdségének feltarasa érdekében.

Az Eszak-magyarorszagi Paleogén-medence teriiletén talalhaté kevert szil-
iciklasztos és kar-bondtos koézetek taroloképességét meghatdrozo diage-
netikus folyamatok vizsgalata alapjan a kozetegyiittes felhalmozodasi
kornyezete alapvetden meghatarozza az eogenetikus folyamatokat. A homo-
kos és karbonatos self biztositotta a sziikséges kornyezeti feltételeket a bak-
terialis szulfatredukciohoz. A kiterjedt koradiagenetikus kalcitcementacio és
a neomorfizmus a kozetegyiittes tarozo képességének csokkenéséhez és
lateralis homogenitasanak kialakulasahoz vezetett. A sekélybetemetddés so-
ran a tengerszint kisvizallaisa mellett az 0OsSzleten keresztiil migrald
csapadékviz a szemcsénbelilli és szemcsekozi porozitds kialakitasaval
javitotta annak tarold kapacitasat, és jelentés vertikalis heterogenitast ered-
ményezett. A kaolinitképzddés és a betemetédéshez kapcsolodd kaolinit-
dickit atalakulas egyrészt ndvelte a masodlagos porozitast, a vazépité foldpat
és agyag intraklasztok oldodasa révén, masrészt részben csokkentette a k6zet
permeabilitasat, mivel a kaolinit eltomitette a porustér egy részét. A kémialag
instabil vazépitészemcsék atalakulasa mellett a névekvd betemetddési mély-
séggel bekovetkezett kémiai kompakcid elegendé kova forrast biztositott a
kvarccementacidhoz. A foldpat szemcsék kora- és sekélydiagenetikus atala-
kulésa a késddiagenetikus illitképzddést korlatozata. A medenceléptékben
megjelend finomtormelékes kdzetek szmektit tartalmanak fokozatos atala-
kuldsa — kevert szerkezeti illit/szmektit Asvanyokon kersztiil — illitté jelentds
mennyiségii kationt, Mg?* és Fe?* biztositott a dolomitképzddéshez. A dolo-
mit helyettesités lokalisan novelte, mig a szénhidrogén migraciot kovetd késo
diagenetikus piritképz6dés rontotta a kbzetek porozitasat. A vizsgalt teriilet
horizontalis és vertikalis fluidumaramlasi tulajdonsagait a térésrendszer Kia-
lakulasa és annak fejlddése fokozta, mig a torések cementacidja — vastartalmu
kalcittal — csokkentette azt. Ezen diagenetikus események egyiittesen ered-
ményezték azt a tarozé heterogenitist, amely az Eszak-magyarorszagi
Paleogén-medence eocén kort kevert sziliciklasztos és karbonatos 9sszletét
jellemzi.
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