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ABSTRACT: The geochemistry of oils was studied to characterize their origin and
possible relationships to the source rocks in the contact region of the Bohemian Massif,
Western Carpathians, and the northern part of the Vienna Basin in the Czech Republic
and Slovakia. The reservoir depths range from 700 to 6000 m and temperatures from 36
to 150 °C. Their stratigraphic and structural positions comprise the Neogene of the
Vienna Basin, underlying Inner Carpathian units, adjacent Carpathian Flysch and
foredeep, autochthonous Palacogene, Palaeozoic, and the crystalline basement of
the Bohemian Massif. The genetic potential of the source rocks increases from the
Palacozoic through the autochthonous Palacogene, and from the Jurassic to the
Oligocene Menilite Fm. in the Flysch nappes. The Jurassic and Palaeogene enter the oil
window at a depth of at least 3.5 km. Oils were expelled from the source rocks buried
deeper than 4-5 km where they have reached maturation levels equivalent to 0.8 to 1.17%
vitrinite reflectance. Oil families differ mainly in oleanane content and other indicators of
either marine or terrestrial organic facies. Biodegradation of oils occuts in reservoirs at
depths down to 1.8 km. The compositions of some of the oils may be explained as a
result of evaporative fractionation and gas percolation through the deeper oil
accumulations. Mixing of biodegraded oils with allochthonous gas condensates suggests
two principal migration events.
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INTRODUCTION

In the Carpathian, Pannonian and Alpine region, several oil
families and source rocks have been characterized:

(b) autochthonous Early Ofigocene Fischschiefer: considered to
be the main source rock below the overthrust of the
Austrian Alps (Zimmer & Wessely 1996), and a possible
source of oils in the Tertiary base and the Cretaceous in

(1) (@) Upper Jurassic marls of the Bohemian Massif: main source Upper Austria and the German Molasse (Hufnagel e 4/,

rock of oils in the Vienna Basin and adjacent Molasse Zone
in Lower Austria (Welte 7 a/. 1982—pre-Tertiary source in
general; Ladwein 1988; Ladwein ef 4/ 1991; Wehner &
Kuckelkorn 1995), and possibly some oils in the eastern
Czech Republic (Miiller & Krej&i 1992; Wehner &
Kuckelkorn 1995).

(b)The Upper Jurassic of the Helveticum, northern alps: possible
source of oils in the Tertiary base and the Cretaceous in the
Upper Austrian and German Molasse (Wehner &
Kuckelkorn 1995).

(2) The Oligocene Menilite shales: main source rock of the oils in

the overthrust and foredeep of the Carpathians in Poland
(ten Haven et a/ 1993; Lafargue ef 4l 1994). The good oil-
source potential of this unit is also characterised by
Simének ef a/. (1981), Vero (1987), Kruge ef /. (1991), Koltun
(1992) and Késter e al (1995). Stratigraphic equivalents
comprise:
(2) autochthonous Eocene to Qligocene Nesvacilka and Tésany Fms.
of the eastern Bohemian Massif (Miiller and Krejéi 1992);

1979; Ladwein 1988; Wehner & Kuckelkorn 1995);

(¢) laminated euxinic Zard Clay Fm. of the Lower Oligocene,
with good source potential for oil and gas in the North
Hungarian Palacogene basin (Brukner-Wein e o/ 1990;
Milota ef 4/ 1995).

(3 The Upper Triassic Kissen mark main potential source rock of

the oils in the western Pannonian Basin (Brukner-Wein &
Vetd 1986; Hetényi 1989; Szalay & Koncz 1991; Clayton &
Koncz 1994).

(4) The Miocene: source rocks of some oils in the Pannonian Basin

in Hungary (Szalay & Koncz 1991; Koncz & Eter 1994;
Clayton & Koncz 1994) and possibly in the Styrian (Graz)
Basin, Austria (Sachsenhofer 1994). The Miocene was
considered to be the main source of oil and gas in the Vienna
Basin in earlier studies GSimanek 1977; see Kratochvil &
Ladwein 1984), but introduction of advanced geochemical
techniques such as pyrolysis and biomarker analysis has
shown that in general the Miocene has poor source potential
and is often not sufficiently mature.

From Wessely, G. & Liebl, W. (eds), 1996, Oif and Gas in -Apidic Thrustbelts and Basins of Central and Lastern Furope, 343
EAGE Special Publication No. 3, pp. 343-353.
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Some authors admit to the occurrence of other possible oil and
gas source rocks within the autochthonous platform sediments:
e.g Devonian limestones and dolomites, and Upper Jurassic
carbonates (Kotarba & Jawor 1993), and an unspecified
Palaeozoic unit (ten Haven ef 2/ 1993; Lafargue ef 2/ 1994).

The above-mentioned formations or their equivalents occur in
different structural positions in the studied area. The scope of this
paper is to give an overview of the organic facies and maturity of
the oils and potential source rocks, and their possible mutual
genetic relationships, in the northern part of the Vienna Basin and
the adjacent area in the Czech Republic and Slovakia.

GEOLOGICAL SETTING AND SAMPLES

The region studied comprises four principal units from which the
source rocks and more than 60 oils were sampled. Selection of the
best source rocks was based on screening analyses of the total
organic cartbon (TOC) content, and Rock-Eval pyrolysis of
several hundred samples. The numbers of samples given here
represent the more detailed analyses.

(1) The Bobemian Massifbelongs to the North European Platform
and includes the crystalline basement (5 oils) and the
autochthonous sedimentary cover comprising Devonian to
Namurian carbonates and siliciclastics (2 rocks, 2 oils),
Jurassic carbonates, siliciclastic rocks and matls (7 rocks,
1 oil), and Palaeogene siltstones, shales and sandstones
(7 rocks, 3 oils).

(2) The Carpathian Foredeep Basin with Lower Miocene fill
(4 oils).

(3) The Carpathian Flysch Belt (allochthonous nappes) with the
external, Krosno—Menilite Group (U. Jurassic to Lower
Miocene) (2 rocks, 1 oil) and the internal, Magura Group
(Lower Cretaceous to Oligocene) (6 oils).

(4) The superimposed Vienna Basin (Miocene to Quaternary)
(18 oils).

(5) Central Carpathian nappes with dominant carbonate
lithologies (2 oil samples).

More details of the geological evolution of these basins and thrust
complexes are given e.g. by Krejéi ef a (1996).

METHODS

Rocks were ground and extracted using 2 modified flow-blending
technique (Radke e# 2/ 1978; Radke & Welte 1983) using a mixrute
of dichloromethane and methanol (99:1 vol.) as a solvent. Internal
standards were added to rock powders and oils. Total extracts and
oils were separated into saturated and aromatic hydrocarbons, and
heterocompounds by medium-pressure liquid chromatography
(Radke ¢f a/. 1980). The aromatic fraction of some samples was
further separated into ring classes using high-performance liquid
chromatography (HPLC) in order to avoid coelution problems in
susequent GC analyses. The aromatic compounds were evaluated
by established methods (see Radke 1987 for review).

The whole oils as well as the saturated and aromatic fractions
were analysed by capillary gas chromatography (GC). The gas
chromatograph was equipped with a flame ionization detector
(FID), which in the case of analysis of the aromatic fraction was
coupled with a HALLTM electrolytic conductivity detector
(sulphur-selective mode). Gas chromatography-mass spect-
rometry (GC-MS) was applied to identify a range of isoprenoids
and a Cy; hopane in the GC—FID traces, and to assess biomarker
distribution in the SIM and partly also MRM mode. The ratios of
hopanes and steranes were evaluated from the selected mass

chromatograms (m/z 191, 217, 218) by established methods (see
Mackenzie 1984 and Peters & Moldowan 1993 for reviews).

Whole oils were analysed after dissolution in n-pentane. Light
hydrocarbons (C6-C7) were analysed in the oils using a static
head-space method originally developed for analysis of source
rocks, but which is also applicable to petroleum (Schaefer ef a/
1984a).

Source-tock maturation and hvdrocarbon generation were
simulated using the 1-D PDI™.PC (ES) modelling software
based on the principles of Welte ¢f 4/, (1981) applying chemical
reaction kinetics (Tissot & Espitalié 1975). Measured organic
matutity parameters—vitrinite reflectance (R, and biomarker
ratios-were used as a record of the total thermal history of the
rocks, for calibration of a simulated burial and thermal history.
Geothermal data are from Cermik (1979).

SOURCE ROCKS

The screening TOC and Rock-Eval analyses suggested that four
lithostratigraphic units include intervals with potential source-
rocks. More geological details are given in Krejei ef al, (1996).

(1) The Lower—Upper Carboniferous: the Myslejovice and
Ostrava Fms.

(2) The Upper Jurassic: the Mikulov marls.

(3) The Palacogene shales and siltstones: the Téany and
Nesvatilka Fms. (both belong to the autochthonous cover of
the Bohemian Massif).

(4) The Oligocene: Menilite Formarion of the Krosno-Menilite
Group of the Carpathian Flysch nappes.

The differences in organic facies among these formations are
inferred from the variation in distribution of certain organic
species e.g. n-alkanes and isoprenoids in immature samples (Fig.
1). The alkane fingerprints of the Carboniferous and Jurassic
rocks show a maximum at about C,- with odd/even preference
both in the lower and higher molecular ranges. Such distributions
are typical of marine algal-derived organic matter, with minor
input of terrestrial plant debris. Microscopic observation in the
fluorescence and reflected light modes confirms the presence of
planktonic and benthic algae along with abundant vitrinite in the
Carboniferous shales. Flatrened planktonic algae are abundant
in the Jurassic marls, where the matrix shows a weak greenish
fluorescence, due to amorphous organic matter supposed to
consist mainly of ultralaminae of algae. Indigenous vitrinite is a
minor component, while redeposited vitrinite and inertinite are
abundant macerals in reflected light. The tmarine planktonic
origin of the Jurassic kerogens is also shown by higher amount of
C,; steranes (Fig, 2).

The autochthonous Palaeogene rocks and the Menilite Fm.
show bimodal n-alkane and isoprenoid distribution with
contributions from both terrestrial plant lipids (around Cyo
n-alkane) and algal and/or bacterial organic matter (with a
maximum of around Cys to C;7). The high proportion of pristane
typical of coaly material suggests deposition in 2 fluvial /deltaic,
partly aerated envitonment. This is in agreement with the
microscopic observations of the Palacogene (Nesvacilka Fm.)
where vitrinite is the dominant maceral. The hydrogen index (HI)
of 100-200 mg HC/g TOC and the sterane distribution is typical
of humic kerogen (type III). These source rocks are gas-prone
rather than oil-prone, but they may be more oil-prone in a more
distal part of the basin, presently buried deeply under the
Carpathian Flysch nappes in the southeast.

The Menilite Fm. shows a similar alkane distribution to the
Nesvatilka Fm. but has considerably greater source potential
(S1+ 82 15-20 mg/g rock) and hydrogen index (above 400-
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rocks and oils (m/z = 218).

650 mg/g TOC). These sediments are enriched in C,q sterane,
suggesting a possibly stratified water column. Under the
microscope the flattened greenish-yellow planktonic algae are
abundant, and the matrix has 2 yellow-green fluorescence,
probably due to amorphous liptinite and alginite ultralaminae.
Menilite shales are good to excellent oil source-rocks. They have
the highest liptinite contents of all the studied source rocks, and
vitrinite is only a minor maceral.

These findings support the palaco-environmental charac-
teristics of the Menilite Fm. given by Roth & Hanzlikové (1982)
and Vetd (1987), who suggested a narrow isolated sea, about
2000 m deep, with possible upwelling bringing nutrients from the
ocean depths and rivers freshening the upper water layer (up to
1000 m), with abundant bioproductivity (e.g diatoms). Density
stratification of the water caused anoxia above and below the sea
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floor and created excellent conditions for accumulation and
preservation of organic matter. Concomitant volcanism supplied
silica and contributed to the formation of silicite layers.
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MATURITY

Source rock and oil maturity is estimated from 225/(225 + 22R)
ratios of C;, hopanes and 205/(205 + 20R) and BB/ (oo + BB)
ratios of C,, steranes, and the Methylphenanthrene Index (MPI 1)
values. These parameters show good correlation with the Rock-
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samples. As shown in Figs 3, 4, and 5, the maturity of the source
rocks is clearly lower than that of the oils, down to a depth of at
least 4-5 km. The equivalent vitrinite reflectance R.. calcuiated

' | ! | ! |
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225 /(228 +22R) C;, Hopanes

Fig. 3. Depth plot of source-rock and oil maturity based on the 225 and
22R isomer ratio of C,, hopanes (m/z = 191). The narrow oil maturity
range suggests migration from depths greater than 4 km. All shallower
Palacogene and Jurassic source rocks are distinctly less mature.

from the MPI 1 using the correlation of Radke (1988), suggests
that the oils were expelled from the source rocks at a fairly
advanced maturity ranging from 0.8 to 1.15 % R, (i.e. during and
after the peak oil generation).

During maturation source rock generates light hydrocarbons
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Fig. 4. Depth plot of source-rock and oil maturity based on the 205 and
20R isomer ratio of C,, steranes (m/z = 217). The equilibrium is reached
deeper than in the case of hopanes (Fig. 3).

(C,—C.) with a characteristic distribution controlled by kerogen
type and catagenic temperature (Leythaeuser er 4l 1979;
Thompson 1983; Schaefer 1992). Oil maturity was evaluated from
the slightly modified J ratio (see appendix) and expressed as an
equivalent vitrinite reflectance R_ using the correlation plot of
Schaefer (1992) based on data from Posidonia shale (Lower
Toarcian) source rocks. It is evident from this iso- /cyclo-alkane
ratio in the C, range (Fig. 6) that the maturity of most of the oils
varies within a range that does not change with depth. Only at
shallow depths do some of the oils show a false lower maturity
because of the faster removal of the branched alkanes than the
cyclo-alkanes due to biodegradation.

This suggests that oil migration occurred over a vertical
distance of at least 3—4 km, as was also concluded by Welte ¢f 4/,
(1982) and Ladwein (1988) for the Austrian part of the Vienna
Basin.

MODEL OF MATURATION HISTORY AND
HYDROCARBON GENERATION

The burial and thermal history of the Némticky-2 borehole
section is shown in Fig 7. This example represents the area of the
Nikolkice~Kurd&jov Ridge, with thick Upper Jurassic limestones
and matlstones and almost no autochthonous Palacogene. The
greater maturity of Carboniferous formations indicates deeper
burial and early oil and gas generation, followed by uplift during
and after the late Palaeozoic Variscan orogeny. Deposition of the
Upper Jurassic was followed by minor erosion and deposition of
the Uppet Cretaceous and Palaeogene. The Palacogene sediments
are restricted to two deep canyons shown in Fig 15 (see also
Krejéi et al. 1996.

Jurassic and Palaeogene source rocks were buried to the main
zone of oil generaton during early Miocene thrusting and
sedimentation in the Carpathian region.

The Menilite Formation occurs in the lower part of the
Krosno-Menilite Flysch unit. This was imbricated and
tectonically thickened in the frontal part of the nappes during
overthrusting in the Early Miocene (see the upper part of the
section in Fig. 7). Its pre-tectonic sedimentary thickness was not
very great, but due to tectonic thickening and good source
potendal it may be considered as a source of oil and gas in the
deeper part of the Flysch nappes and also below the Vienna Basin
(Fig. 15; Krejti ez al. 1996). In many boreholes the Flysch nappes
have greater maturity than expected considering the present burial
depth and temperature. Hence, these units must have been buried
deeper prior to emplacement upon the platform. Similar
conclusions were drawn by Ladwein ez 4/. (1989) in the case of the
Calcareous Alpine and Helvetikum nappes thrust over the
Molasse and Bohemian Massif in Upper Austria. Koltun (1992)
also concludes that the maturity level of the Menilite Fm. in the
Ukrainian Carpathians is preserved from the pre-emplacement
phase of evolution, since it is marginally mature, does not change
in the upper 4 km in the present profile, and continues to increase
only below 4-5 km.
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ranges from 0.8 to 1.15% R, suggesting expulsion of oils from the
source rocks slightdy beyond the maximum of oil generation.
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BIODEGRADATION AND OTHER
ALTERATIONS OF OILS

Biodegradation is indicated by selective removal of the light
n-alkanes, iso-alkanes and party also isoprenoids from the oils
fe.g. Tynec-109, Fig. 9), and is common in reservoirs of all ages
down to a depth of 1.7 km where the temperature is 60—75 °C,
usually referred to as the limit for biodegradation (Tissot & Welte
1984). In Fig, 11 the level of biodegradation is shown in relation
to depth by the calculated ratio of a branched to normal 0%
alkane. Some of the shallow reservoirs, however, contain little- or
non-biodegraded oils, and seem to be better sealed and filled”
more recently. At greater depths, oils are unaffected by
biodegradation and show a continuous hydrocarbon distribution
through the entire molecular range (Fig. 8). Several reservoirs in
the crystalline basement and/or the Palaeozoic of the platform
(see Krejti ef @/, 1996) comprise older biodegraded oil mixed with
gas-condensate originating from a more recent phase of oil and
gas migration. In Figs 12 and 13 the marurity of the condensates
(based on the C, range) is compared with that of the heavier oil
fraction measured on the methylphenanthrenes. The position of
these two molecular ranges in relation to n-alkanes is shown in the
gas chromatogram in Fig. 8. The light hvdrocarbon maturity is
based on the slightly modified ] parameter of Schaefer (1992)
denoted as |, the heptane value of Thompson (1983), and the
MPI 1 after Radke (1988). The definitions of these parameters are
given in the appendix. The application of J_ instead of | as a
maturity parameter implies that the difference between the R,
and J —R, relationships is only lower than the error bars of the
original data. All three marurity parameters are expressed as
equivalent (calculated) vitrinite reflectance (R) using the
correlations of the respective authors.

The crossplot of the J, and MPI 1 maturity parameters
suggests that the biodegraded oils and gas-condensates are of
similar maturity ranging from 0.8 to 1.2% R.. In Fig. 13, three
groups of oils differ in the parameter based on the heptane value,
which is more sensitive to biodegradation and gas stripping. The "
middle group (A) represents unaltered oils with similar maturity
of both fractions. The characteristics of the other two may be best
explained by evaporative fractionation (Thompson 1987).
Allochthonous gas injected into an oil reservoir preferendally
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Fig. 9. Whole-oil GC analysis of an altered oil from the Ottnangian of the Vienna Basin. Light hydrocarbons are eliminated by biodegradation and/or
evaporative fractionation due to gas percolation.
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Fig. 11. Branched-to-normal alkane concentation ratio in the C, range
(for explanation see appendix) with depth, as a biodegradation and/or
evaporative fractionation parameter, in the northern Vienna Basin and
adjacent Carpathian Flysch and Foredeep area.

strips the n-alkanes, which accumulate in the newly formed gas-
condensate (group B) and leaves behind the residual oil depleted
in n-alkanes (group C). Welte of a/ (1982) noticed this
phenomenon in some of the condensates reservoired in the
Calcareous Alpine nappes below the Vienna Basin: T hompson
(1987) re-examined the data of Welte ¢f 4/, (1982) and compared
them with experimental evaporative fractionation of oils, which
yielded residual oils depleted in n-alkanes and relatively enriched
in aromatic compounds. These observations suggest that
hydrocarbon generation and migration took place in at least two
phases in the Vienna Basin and the adjacent Alpine~Carpathian
region. The gases of the second phase altered many of the
previously formed oil accumulations. The allochthonous (i.e. not
oil-associated) origin of many gases in this tegion is proven by
the methane carbon isotopic data (Schoell 1984; Milicka e o/
1994), which support the proposed concept of generation and
migradon.

OIL FAMILIES

Evaluation of possible oil-oil and oil-source rock correlations in
this paper is based mainly on the proportion of marine to
terrestrial sources, and on the occurrence of the angiosperm-
biomarker 180/(H)-oleanane (Ekweozor e 4l 1979). The
occurrence of the latter may be used as proof of 2 Late Cretaceous
or younger source rock or oil. However, its absence may not be
only due to a greater age but also to the absence of land-derived
organic material in the sediments (Moldowan e£ 4/, 1991; Peters &
Moldowan 1993). This is indicated by the absence of oleanane in
some of the Neogene shales in the Danube and Maké basins,
both partial depressions of the Pannonian Basin system (Militka
et al. 1996; Sajgé 1984).

Considering several geochemical parameters, the investigated
oils may be classified into several families (Figs 2, 14, 15):
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Fig. 12. Correlation of oil maturity parameters
based on MPI 1 (Radke 1988) and the ] value
[2, + 3-MCp)/ sum(DMCYC,)] modified from J
value of Schaefer (1992), both expressed as
calculated equivalent vitrinite reflectance R (for
derails see appendix). Except for a biodegraded
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The first group of oils originates from a more marine source
rock, and in the Cy, 4q 5 Steranes ternary diagram these oils
can be grouped together with organic extracts of the Upper
Jurassic marls. Absence of oleanane also suggests Jurassic
(or pre-Upper Cretaceous) age Caslavsky 1991; Peters 1991,
pets. comm.), These oils occur underneath or within the
Flysch nappes northwest of the Vienna Basin, and
correspond to the main family of Ladwein (1988) and Wehner
& Kuckelkorn (1995). It is surprising that one oil from this
family (INéméicky-1) has no oleanane, even though it occurs
in an Oligocene reservoir very close to the Menilite Shale and
during migration it must have passed by the autochthonous
Palacogene formations. This shows that the probability of
the oil to pick up biomarkers from adjacent rocks during
migration is not very high.

Oils of the second family occur in the crystalline reservoirs
covered by the Flysch, or within the Flysch, north of the
Vienna Basin (Fig. 15). Their sterane distribution is closer to
the Palacogene and Menilite source rocks (Fig. 2), with a
mixed contribution from marine and humic organic matter.

6)

oil, both light and medium-heavy molecular
ranges of oils are at a similar thermal marurity.
Molecular ranges of ] and MPI are shown in
Fig. 8.

These oils show a distinctive Tertiary (and/or upper
Cretaceous?) oleanane signature (Caslavsky 1991; Peters 1991,
pers. comm.) which is also characteristic of both the
autochthonous Palaeogene and Menilite (Flysch) source rocks
(Figs 14, 15). The latter is considered to be the main source
rock in the adjacent region of the Outer Carpathians in
Poland (ten Haven ¢ a/. 1993; Lafargue ez a/. 1994) and in the
Ukraine (Koltun 1992). This oil family may also have some
genetic relationship to the oils possibly sourced from the
Early Oligocene Fischschiefer in Upper Austria and the
German Molasse (Hufnagel et 4/ 1980; Ladwein 1988;
Wehner & Kuckelkorn 1995).

The third family includes most of the oils in the Neogene
reservoirs of the Vienna Basin. They show variable
proportions of marine and terrestrial kerogen, and a variable
amount of oleanane suggests at least partly Tertiary origin.
These findings extend earlier studies (Welte e# o/ 1982) that
concluded that most of the oils in the Vienna Basin belong to
a single family originating from a pre-Neogene source (the
autochthonous Jurassic of the Bohemian Massif; Ladwein

Oil maturity R, =f(MPI 1) (%)

~ Residual oils Unaltered oils
Jfrom evaporative with similar
Sractionation maturity in both
0.40 — and/or light and heavy

biodegradation molecular ranges

1 Evaporative condensates
mixed with older
A biodegraded oils

Fig. 13. Comparison of maturity parameters
based on MPI 1 (Radke 1988) and heptane value
of C, range in oils (Thompson 1983; for
explanation see in appendix). The heptane value
includes n-heprane, and hence is sensitive to
biodegradation and evaporative fractionation.
The group A represents ‘normal’ unaltered oils
with similar maturity values in both molecular
ranges. Group B is considered to include the

| ! 1 v |
0.40 0.80 1.20

Light HC maturity R¢ = f(n-heptane/ sum C7) (%)

gas-condensate products of the evaporative
fractionation of ‘normal’ oils. Group C comprises
biodegraded oils and/or residual oils from
evaporatvely fractionated ‘normal’ oils.

1.60
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regular steranes and the ratio of 180/(H) oleanane to C;, hopane.

1988). As the maturity-sensitive hopanes in these oils almost
do not vary with depth and are strikingly different from those
in the Miocene sediments, it is unlikely that the oils picked up
2 significant amount of oleanane during migration from
dispersed organic matter of Tertiary age. We suggest that
additional source rocks of Palacogene age, most probably the
Menilite Formation in the Flysch nappes and/or palaeo-
geographically related to the autochthonous Palacogene,
generated or at least co-sourced some of the Vienna Basin
oils during the Early Miocene burial.

(4) Oils from the Mesozoic reservoirs (Fig. 8) of the Inner
Carpathians (analogue of the Calcareous Alps in Austria)
underneath the Neogene (NE part of the Vienna Basin,
Fig. 15) form a fourth family. Absence of oleanane and
the geological structure suggest the Mesozoic origin. An
analogue of the Upper Triassic Késsen Marl described in
western Hungary (Brukner-Wein & Vet 1986; Hetényi 1989;
Szalay & Koncz 1991; Clayton & Koncz 1994) is the most
probable source rock.
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assistance; IES Jilich GmbH. for providing the 1-D PDITM.pC
modelling software; and the Czech—German Bilateral Co-operation
Treaty in Science and Technology for travel funds in 1992-95. JF greatly
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Fig. 15. Oil-source rock correlation in map showing the regional
occurrence (subcrops) of; (A) Menilite Formation of the Krosno—
Menilite Flysch group of nappes; (B) autochthonous Palaeogene; and
(C) the autochthonous Jurassic (Mikulov Marl) source rock. The four oil
families are based on biomatker similarities.

APPENDIX

Maturity parameters:

H =100 X n-heptane/sum(cyclohexane through heptane + methylcyclo-
hexane) in %; ‘heptane value’ or ‘H paraffinicity’ as defined by
Thompson (1983) who gave a crossplot of H with vitrinite
reflectance.

Jo = (2, + 3-methylhexane)/(1,cis-3-, + Litrans-3-, + 1,trans-2-, + 1,1-
dimethylcyclopentane), similar to the Isoheptane Value of Thompson
(1983) and modified from J of Schaefer (1992) which includes 1,cis-2-
instead of 1,1-dimethylcyclopentane. The correlation of random
vitrinite reflectance R_ (R in original) and J in the Posidonia Shale is
given by the empirical relationship R, =0.84 + 1.1 log].

MPI 1=1.5(2-MP + 3-MP)/(P + 1-MP + 9-MP) where P is phen-
anthrene and MPs are the four methylphenanthrene (Radke 1988). The
correlation of random vitrinite reflectance (R, here R)
and MPI 1, based on rock samples with type III kerogen and coals
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from northwest and west Germany and western Canada, is given
by the empirical relationships: R = 0.38 + 0.61 MPI 1 (R_ from 0.55
to 1.40%) and R_ = 2.59 - 0.59 MPI 1 (R_ from 1.45 to 2.20%).

Biodegradation parameter: log (3MC,/n-C() =log (3 methylpentane/
n-hexane) (Welte ef o/, 1982).
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