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The Potiguar Basin lies in the northeastern part of Brazil and covers an area of
approximately 60,000 km?, with its onshore portion occupying 40% of tota area. The
Potiguar Basin is arift basin that evolved to a passive margin after the break-up of the African
and South American continents in the Early Cretaceous. During more than 30 years of
exploration activities in the basin, various studies were performed aiming at the identification
of different oil families and their spatial relationship.

Oil correlation studies in the onshore part of the Potiguar Basin based on gas
chromatography (GC), GC coupled to mass spectrometry (GC-MS) and carbon isotopic data
allowed the identification of three basic oil types: oils generated in the continental sequence
(Neocomian and Aptian lacustrine freshwater shales), oils generated in the transitiona
sequence (Aptian marine evaporitic shales and marls), and oils derived from the mixture of
the two previoustypes (Trindade et al., 1992; Mello € al., 1993).

The developments in analytical methods have established Organic Geochemistry as
one of the most effective tools to characterize petroleum in terms of origin, thermal evolution
and biodegradation. These developments alowed an increasing number of organic
compounds to be identified and quantified. This capability, in turn, has allowed scientists to
attack ever more complex problems, but the larger number of samples that must be analysed
and the number of constituents that can be measured per sample give rise to data sets of
enormous size and complexity. The main objective of this study is to present one
methodology of sampling in which the data set recovered from a larger one is representative
of distinct groups of oils based on geochemical parameters throughout the basin. The
sampling of a representative subset will allow statistical analyses to be performed more
effectively in arelatively smaller number of samples. This subset of samples will be used in
the future for further classification techniques to investigate new grouping patterns.

The first step of the method consists in running a cluster analysis on the original data
set. Cluster analysis is one of the multivariate statistical methods that measure the similarity
between objects. This technique determines the structural characteristics of a data set by
dividing the data into related groups. Cluster analysis is an exploratory data analysis
procedure, hence it is usualy applied to data sets for which there is no a priori knowledge
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concerning the class membership of the samples. The steps followed in this methodology are
presented in figure 1. It was chosen for decision support because samples of the Potiguar
Basin oil types are not well distributed in geographic and frequency terms, thus preventing the
use of random sampling techniques. Furthermore, the a priori recognized classes (lacustrine,
marine and mixture) might have subdivisions which were not previously identified and must
be considered for a proper representative sampling. The groups recognized by cluster analysis
using GC, GC-MS and carbon isotopic data were plotted on amap to allow for a visualization
of the area coverage of each group, including geographic superposition of oil groups. Random
sampling was then performed within each group to obtain a smaller data set on which more
sophisticated statistical methods will be run for sample classification. At the end, the
consistency of the grouping from the cluster anaysis with that of the previously recognized
oil types was checked.

The use of this methodology allowed a successful representative sampling of different
types of oils. This technique can be advantageous in planning future strategy and decision

support in oil studiesinvolving alarge number of samples and geochemical parameters.
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Figure 1. Flow diagram of steps followed by this methodol ogy.
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ABSTRACT. The main objective in the projects of plays in the basins of Mexico, isto define
the stratigraphic sequence, as well as the structural, petrophysics and geochemicals
characteristics mainly, and in this way to have a dependable guide in the works of
exploration, mainly in areas little explored or unexplored totally.

From the concept of play as a group of accumulations and/or prospects, which share a
common style of reservoir-seal and generation, migration and load of hydrocarbons common
history, we observe that the optic studies and geochemica done to samples of rock (cuttings
and cores), and samples of oil and gas they are of great importance for the definition of the
plays in the sedimentary Marine basins of Mexico, especialy in the horizons of Tertiary age.
The interpretation of the analyses and geochemical studies, like they are it: pyrolysis,
chromatography, biomarkers and isotopes, as well as the optic studies in fluorescent light and

reflected light are very important to optimize the process of exploration referred to plays.

APPLICATION. In al the sedimentary basins of Mexico, they have been processed infinity
of optic and geochemical analysis, which have application in the different phases of the
exploration of hydrocarbons. The application of geochemical - optica modern techniques
they provide prominent information for the generating potential of hydrocarbons of each
basin. It is of great importance that the crude oils and natural gases they be classified in
geochemical families to know the distinctive source. The geochemical modeling utilized to
know the thermal evolution, should be calibrated with various optic and geochemical
parameters measured in the rock samples: vitrinite reflectance and pyrolysis Rock Eval. Thus
same the data are utilized of kinetic to know the increment ratio of the maturity with the
possible rock source.

The analyzed geochemical parameters indicate the origin of the oil and the gas, as well as the
location of generation kitchen, with the routes and the distance of migration, of course, as a
group with the knowledge of the structural geology and petrophysics characteristics of the
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rocks. The modeling, as a group of all, the geochemical, geological, geophysical and

hydrologic datais utilized for the search of commercially exploitable reservoirs.

CONCLUSIONS. The optic and geochemical parameters permit to know the distribution of
the kerogen types, as well as to have a control on the hydrocarbons type (oil or gas), as well
as the possible prediction of their distribution, also they permit the integration of the
stratigraphic and structural information with the data of maturity organic matter and their
relation with the geotherma evolution. The assembly of these parameters they permit the
hydrocarbons generation kitchen areas identification and their timing when they are used in
combination with the modeling thermal, and even to know the heat flow history or geothermal
gradient of a part or totality of a basin (modeling 1D, 2D and 3D), and finaly as tool for the
evauation of the efficiency of production and the hydrocarbon volumetrics, besides the
evaluation of the migration and the areas to drain of the hydrocarbons.

The practical application of optic and geochemical analyses and in the hydrocarbons
exploration is done totally along with extensive multicomponent analysis of rocks and fluids,

besides the knowledge of hydrodynamics and general geology of each basin.
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We have determined the trace element compositions of 68 Brazilian and nine foreign
oils by ICP-MS and compared them to the UB-N serpentinized fertile mantle reference
material, as well as to mantle crust, and seawater compositions in the Earthref database. 24
trace elements were analysed (in order of atomic numbers): Ti, V, Cr, Mn, Fe, Co Ni, Cu, Zn,
Ga, As, Rb, Sr, Y, Mo, Ag, Ba, La, Ce, Pr, Nd, W, Pb and U. The 77 oils show good
correlation with chondrite (r>=0,77) and serpentinized fertile mantle (r>=0,76); moderate
correlation with continental crust (r2=0,35), and none (r2:0,02) with seawater (Szatmari et al.,
2005).

The 77 ails are high in Ni, Fe, and V, and their median composition correlates well
with serpentinite (Fig. 1).
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Figure 1. Trace elements in median of 77 black oils (ppb, blue) and UN-B serpentinite (ppm,
red).

The median values of the trace elements in the oils are 10° times below those of
serpentinite. But, relative to serpentinite, Fe, Cr, Mn and Ti are lower: Ti is 10° times, Fe, Cr,
and Mn are 10* times below serpentinite values. We attribute both the serpentinite-like
composition of the oils and these lower values to synsedimentary serpentinization of the
continental lithospheric mantle by infiltrating water below sedimentary basins (Szatmari,
1989; Szatmari et al, 2005) where the crust is tectonicdly thinned or partially unroofed (as on
the Iberian margin). Magnetite (and related oxidized minerals) forming during
serpentinization immobilize Fe, Cr , Mn, and Ti decreasing their concentrations in the fluids.



P234-WE

Massive oxidation of the Fe** ion by the dissociating water generates hydrogen during
serpentinization, forming the most reducing environment on the earth's surface (Janecky &
Seyfried, 1986). Hydrocarbons may form in this highly reducing environment by Fischer-
Tropsch synthesis (Szatmari, 1989; Holm and Charlou 2001) with the hydrogen generated
during serpentinization reacting with dissolved or gaseous CO, as in the Lost City
hydrothermal field over the Atlantis high (Frih-Green, G.L, 2003; Kelly et al., 2005). The
hydrocarbons formed are fed upon by archea and bacteria, making the proportion of
chemogenic to biogenic hydrocarbons hard to determine. Talc-stevensite deposited in the
lower Cretaceous pre-evaporitic sequence of Brazil’s Atlantic margin together with organic-
rich source rocks, may be derived by from partially unroofed serpentinizing peridotites.

While Ni concentrations in the black oils are fairly constant at about 10* ppb, V
concentrations and V/Ni ratios vary in our dataset by seven orders of magnitude and are
characteristic of each basin, being lowest in the lacustrine Reconcavo basin. V enriched in
petroleum from sea water and perhaps ultimately from basalts. V/Ni ratios form a well-
defined mixing line from chondrite to seawater values, with the lacustrine Reconcavo oils at
the chondritic end of the line.

Pb/Ni ratios are seawater-like. Sr is contained in residual formation brines retained in
the oils. Sr/Ni - Ba/Ni ratios in the oils form a straight mixing line between chondrite and
continental crust, with the Reconcavo oils occurring at the crustal end of the line.

The authors thank Mario Carminatti and Sergio Michelucci of Petrobras for their long
support of the study of serpentinite-petroleum relationships, Prof. Alex Halliday of Oxford for
helpful comments and Petrobras for permission to publish.
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Asphaltic-like veins in southeastern Turkey were mapped and studied till 1969 by
Lebkichner and Orhun. They originated from the filling of open cracks in thrust faults and
faulted anticline where enormous amounts of asphaltic materials were squeezed towards
surface (Lebkichner et al., 1972). They have been extensively mined as adternative solid fuel.
At afirst glance the easy accessible asphaltites may have been mined in antiquity to be used
as bitumen which is present on potsherds in some antic sites, e.g. Kitnis Hoyuk, Nervan
Hoyuk and Takyan HoOyik, located southward of the asphaltite vein district.

In order to cover a wide range of case histories, several veins were sampled namely
Segurik, Seridahli, Avgamasya, Kartaltepe, Kumcati, Milli, Karatepe, Harbol, Nivekara and
Citfciler (Fig.1).

The first outstanding feature is the occurrence of mineral matter in all materials from
the veins. This occurrence entails an amount of TOC which is generally below 50%. In any
case history we have observed pure asphaltites, i.e. pure bitumen or asphalts as in examples
studied in Iran (e.g. in asphalt dykes of the Sultan anticline or in the asphalt veins of Patag
location, close to the Iragi border). The measured melting points are higher than 400°C and
consequently the asphaltite materials, infusible, could not be used as bitumen to waterproof
potteries, baskets or mats. The X-Ray diffraction analysis of some samples from Segurik,
Avgamasya and Harbol veins gave 1-2 % quartz, 14-24% calcite and 5-9% dolomite, i.e,, a
significant input of mineral matter in the mixture. Such a gross composition is very much
alike those recorded in the material called “bitumen mastic’ which was used to carve the
masterpieces of art at Susain Iran between the V™ and the 11" millennium BC (Connan and
Deschesne, 1996). This material, thought primarily to be an artificial mixture of bitumen and
mineral matter, has been identified at Ghali Kuh location, an outcrop in the Zagros mountains
situated at 120 km from Susa.



P235-WE

The geochemica analysis using the analytical flowchart applied to study petroleum
and source rock reveals that the organic matter present in the asphaltite material has reached
various degrees of maturities which were initially seen in the Rock-Eval characteristics (HI
vs. Tmax, Fig.1) and confirmed by GC-MS characteristics of C;s.akanes and C;s.aromatics
and by some Ro values obtained by petrographical analysis of organic matter. This evaluation
of states of maturation using present day techniques confirmed the pioneering study of Orhun
(1969) who concluded that various degrees of metamorphosis were present among the vein
samples. In that respect the asphaltites of Seridahli, Karatepe and Nivekara are the most
mature (Ro bitumen around 1%) whereas asphaltites of Harbol and Kartaltepe are the least
one (Ro bitumen around 0.3-0.4%).

To conclude, asphaltites from the Sirnak area were not used to prepare bituminous
mixtures in antiquity but they may have been mined as raw materia to carve masterpieces as

at Susawhere asimilar materia but slightly different (Fig.1) was used.
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The occurrence of solid bitumen-fills within and postdated by syntectonic Albian
deposits of the Black Flysch Group (Basgue-Cantabrian Basin, west Pyrenees) records the
syndepositional venting of petroleum due to local tectonic compression (Agirrezabala et al.,
2002; Agirrezabala, in prep.). Traditionaly, two main source-rocks have been proposed for
commercial petroleum and gas of the Basque-Cantabrian Basin, i.e. Jurassic black-shales
(Quesada et al.1997) and Carboniferous coals (Martinez del Olmo and Mallo, 2002).
However, comparison of geochemical features of the studied Albian solid bitumens with
samples of Jurassic and Carboniferous source-rocks and derived petroleum (Jurassic,
Ayoluengo field) and gas condesate (Carboniferous, Gaviota field) as well as with host
deposits indicates a good correlation of the solid bitumen-fills with the Black Flysch Group.

The Albian-Cenomanian Black Flysch Group consists of organic-rich (background
TOC about 1% wt.), deep-water siliciclastic turbidites deposited in small, confined sub-basins
along the transcurrent northern margin of the Basgue-Cantabrian Basin and the Pyrenean
realm. Locally, authigenic carbonates formed by anaerobic oxidation of vented hydrocarbon-
rich fluids adjacent to synsedimentary faults. These carbonate deposits are rich in organics
(TOC up to 3.6% wt.) and exhibit voids filled of solid bitumen and oil-impregnations
analysed herein.

The solid bitumen samples show very low solubility, non-fluorescence with
epifluorescence microscopy (UV), high T, (482-563°C), and very low HI and OI (10-13 and
5-13, respectively) indicative of overmature pyrobitumen (probably impsonite).

The analysed pyrobitumen and oil-impregnations exhibit a mean 613C0rg isotopic
composition of -25.28%o (from -24.27%o to -26.33%o), very similar to the mean value of -
25.02%o (from -24.73%o t0 -25.43%0) of the host Black Flysch Group. These values coincide
with Albian terrestrial organic matter values from North Atlantic Ocean (Hofmann et al.,
2000). In contrast, the Jurassic source-rock and derived petroleum exhibit more depleted B¢
values (-29.93%. and -29.88%o, respectively; Quesada et al., 1997) whereas the Carboniferous
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coal and derived gas condensate show more enriched *C values (~-23%. and -23.26%,
respectively).

The 6*°C values of saturated and aromatic hydrocarbon fractions are plotted in the
Figure 1. Carbon isotopic values of the pyrobitumen samples and Black Flysch deposits are
similar with slightly more depleted *3C,, value for the latter. In contrast, the Jurassic source-
rock shows high depletion of **Cao and the Carboniferous gas condensate enrichment of *Cex

with respect to the pyrobitumen values.

In other wise, gas chromatograms of the aliphatic hydrocarbon fractions from
pyrobitumen and Black Flysch samples show both similar bimodal distribution of n-alkanes
and even-carbon preference (Chaler et al., 2005).

In summary, good geochemical correlation indicates that the Black Flysch Group

constitutes the source-rock of the studied pyrobitumen-fills.
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Figure 1. Cross-plot of carbon isotopic ratios of saturated and aromatic fractions.
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Seepage of asphalt-laden heavy oils, termed as “asphalt volcanism”, has been
discovered in 2003 at the Campeche Knolls in the southern Gulf of Mexico at 3000 meters
water depth (MacDonald et a., 2004). Asphat volcanism describes layers of solidified
asphalt with lava-like structures which are accompanied by a vast colonization of typical cold
seep fauna. Important questions arising from this finding are: (1) where is the source of the
asphalt flows; and (2) which mechanisms lie behind the formation of asphalt bedsthat are up
to 3 m high and cover an area of about 1 km?? Moreover, to what extent these asphalts or
heavy oils function as substrates for microbial life and activity.

The mechanisms leading to asphalt volcanism are not fully understood. For example,
a recent proposal by Hovland and co-workers (2005) invokes a crucia role of supercritical
water in combination with very high temperatures of up to 400°C, leading to the upward
migration of asphalts and the formation of the lava-like layers.

During Meteor cruise M67/2 in 2006 to the Campeche Knolls, we recovered a diverse
set of asphalt samples and biological specimen inhabiting this extreme environment to further
explore mechanistic details of asphalt volcanism and its role for fueling benthic ecosystems.

Our data on a wide range of samples, from fresh asphalt that can be rapidly liquefied
a T <70°C to heavily dtered, brittle asphalt, show a general presence of gaseous
hydrocarbons. The gas composition and abundance varies widely, depending on the
degradation state of the respective asphalt sample (Figure 1). Many samples contain high
proportions of methane and Cs+ hydrocarbons, with the highest contents being associated with
gas hydrate that precipitated in pores of highly altered asphalts. Heavy oil- and asphalt-laden
sediment cores taken in the vicinity of the asphalt beds were investigated for their stable
carbon isotopic composition. The general range of o"C values for methane is from -50
to -70%o, suggestive of a mixture of both thermogenic and biogenic gas. The §*3C values of
C,. gaseous hydrocarbons range for ethane from -20 to -39%. and for propane to pentane
from -15 to -30%0. More brittle asphalts with a porous structure had very low concentrations
of methane and higher gaseous hydrocarbons (1-10 umol/L), consistent with a loss of gas
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during post-depositional ateration. Assuming a single source of heavy oil of uniform
composition, we interpret this diversity to be reflective of the post-depositiona history of the
asphalt. We suggest that the high degree of ateration leading to the structural properties of
the asphalt deposits is caused by a combination of biological and physical processes, i.e.
leaching and selective dissolution and biodegradation. Both structural investigations and
incubation experiments with 3C-labeled aromatic and aiphatic compounds are currently

being carried out with the goal to assess the importance and molecular specificity of these two

[processes.
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Figure 1. Variationsin total gas concentrations (in mmol carbon) in different asphalt
samples from the southern Gulf of Mexico.
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Catalytic hydropyrolysis (hypy), which refers to pyrolysis assisted by high hydrogen
gas pressures (15 MPa) in the presence of a dispersed sulphided Mo catayst, has been
developed as a method for liberating covalently bound biomarkers from macromolecules in
coals, source rocks and crude oils. It possesses the unique ability to produce very high yields
of aiphatic biomarkers compared to mild catalytic hydrogenation or traditional pyrolysis
methods, whilst minimising alteration to their isomeric distributions (Love et al., 1995).

The Clair Field, located 75 km to the west of Shetland is one of the largest oil
accumulations on the UKCS. The co-occurrence of 25-norphopanes and undegraded n-
alkanes within oils from this field, together with their relatively low API gravity indicates that
the field is a mixture of at least two oil charges separated by a major biodegradation event.
While the source of the second charge has been attributed to the Upper Jurassic Kimmeridge
Clay (KCF) (Scotchman et al., 1998), oil mixing and extensive biodegradation make
identification of the first charge problematical. Rooney et al. (1998) used the isotopic
signature of the gasoline-range hydrocarbons released by pyrolysis from Clair oil asphaltenes
(believed to represent the first oil charge), to attribute the volumetrically more important first
charge to a KCFequivalent source. In this study we describe the use of hypy to generate
bound biomarker profiles from Clair oil asphaltenes, allowing for source characterisation to
be made using both the biomarker and compound specific carbon isotopic compositions. In
addition to the oil asphaltenes we have aso characterised the asphaltenes extracted from two
oil stained reservoir cores, the bound biomarkers from which are thought to represent the first
charge of oil to come into contact with the reservoir rock (Russell et al., 2004).

A number of potential source formations dating from the Devonian through to the
Lower Cretaceous were investigated. The Devonian forms a rich potential source in the area
and is known to source the Beatrice Field in the Moray Firth. However, the absence of
diagnostic biomarkers such as carotane and gammacerane in both the oils and cores, together
with the low abundance of C28 steranes (Figs 1A & 1B) do not support a Devonian source.
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The low abundance of C,g steranes is indicative of a Middle Jurassic source horizon such as
the shales found in the West Lewis Basin (Fig. 1C), which are thought to source the nearby
Foinaven Field (Scotchman et al., 1998). However the presence of Czo steranes derived from
marine pelagophyte algae in all of the Clair samples precludes this lacustrine sequence from
being the sole source of the first Clair charge. The low Cyg sterane content is not typical of
K CF derived oils from the North Sea, although KCF-equivalent sourceswith the requisite low
abundance of Cyg steranes are found within the West Lewis Basin (Fig. 1D) and may be a
potential source. The isotopic composition of the various sources are currently being
characterised in order to assess their validity as a prospective source for the first oil charge,

including a potential contribution from the Middle Jurassic.
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Figure 1. m/z 217 mass chromatogram of the steranes generated from the hypy of: A — Clair
oil asphaltenes; B — Clair reservoir core adsorbed asphaltenes; C —West Lewis Basin, Mid
Jurassic source kerogen; D —West Lewis Basin, Lower Cretaceous KCF source kerogen.
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Crude oils derived from mixed oil-window and gas-window maturity sources can be
recognized using diamondoid/biomarker curves (Figure 1). However, most such mixturesin
basins throughout the world have been overlooked. Generadly, only the oil-window sourceis
identified, most often using correlations involving biomarkers. Recently, we have begun
looking at large numbers of oil samples from basins around the world using both biomarkers
for recognition of oil window sources, and diamondoids for recognition of high maturity
sources. Based on our studies, it is apparent that oil window- and deep source-mixes are the
rule rather than the exception, i.e. most basins contain an appreciable number of mixed oils of
this type. In some basins, such mixes are found in the majority of the oil fields. The isotopes
of the diamondoids (analyzed using compound specific isotope anaysis) can be used to
correlate their source, and since diamondoids are highly abundant in the cracked oil the deep
sources in mixture with oil-window sources can be recognized.

Interestingly, diamondoid/biomarker curves not only identify mixtures of oil from
high and lower-maturity sources, they also give quantitative information regarding the relative
charge derived from each. We will show that in many cases the charge from previously
unrecognized deep sources is actually many times larger than the oil-window source
established using biomarker analysis.

Although charge may be greater from the deeper source, that charge is often
predominantly gas, which may escape. However, even if the gas has to a large extent |eaked
out of the reservoir, the diamondoids it carried are |eft behind dissolved in the reservoired oil.
The concentration of diamondoids can then be used to determine approximately how much
gas has migrated up through the reservoir providing an estimate of the gas charge from the
deep source. By comparing the amount of gas actually trapped with that calculated to have
moved through the reservoir based on diamondoid concentrations, the sea integrity
(efficiency) can be determined. By calculating the amount of gas versus the amount of time

since the gas began charging, the approximate residence time of gas within the reservoir can
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be estimated. By comparing seal integrities for many reservoirs within a basin, the risk that

seals in aparticular basin pose to finding gas accumul ations can be predicted.
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Figure 1. This representation of the diamondoid/biomarker “oil -cracking” analysis shows
how oil samples of any maturity can be compared and it alows for the recognition of
mixes.
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The Russian Barents and Kara Seas are located offshore from the prolific onshore oil
and gas provinces of Timan Pechora and Yamal Peninsula, but the hydrocarbon potential in
each basin is largely unknown. A regiona petroleum systems analysis was conducted from
the Russian Barents to Kara Sea, in conjunction with joint studies on the tectonic evolution
and paleodepositional environments of the region.

Permo-Triassic/ Triassic terrestrially-dominated source rocks and Upper Jurassic
marine shales are likely the magjor source rocks for the hydrocarbons in Barents and Kara Sea,
with secondary contribution from terrestrial to marine source rocks in the Mid-Jurassic.
Prevailing shallow water conditions throughout the Triassic were favorable for deposition of
Lower to Mid-Upper Triassic gas-prone paralic and lower coasta plain coals (Organofacies
DE) in both Barents and Kara Sea. Bathymetry deepened into the Jurassic, with prevailing
marine conditions alowing for deposition of the prolific oil-prone Upper Jurassic “Bazhenov”
(Organofacies B) in Barents Sea and age-equivalent marine shales within the Kara Sea.

Although the source rock depositional environments are smilar between the Russian
Barents and Kara Sea, significant differences manifest in the thermal evolution of the basins
and source rock quality. In the Russian Barents Sea, the oil-prone Bazhenov source is
immature, and early deep buria of the Triassic resulted in much of the gas being expelled
prior to trap formation. Resultantly, traps collect the mature end of expulsion from the
Triassic source. In contrast, Kara Sea source rocks are interpreted to mature coeval with or
post trap formation, allowing for capture of the full expulsion spectrum.

Geochemical unmixing of onshore and offshore gas data indicate a predominantly
thermogenic system, with limited biogenic contribution, contrary to previous studies. Kara
and Barents Sea are both expected to be thermogenic gas provinces, driven by source type,

and the interaction between charge timing and trap formation.
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GENERATION AND MIGRATION IN POLISH FLYSCH CARPATHIANS
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The Silesian Unit occupies the largest area in the Polish Flysch Carpathians. The
characteristic features of this Unit are: full development of the flysch succession from Lower
Cretaceous to Oligocene and different lithology in comparison with other units. For this part
of petroleum province was made an attempt to reconstruct petroleum system. A genetic
analysis of oils and potential source rocks and their mutual correlation revises existing
opinions on genesis, migration and accumulation of hydrocarbons in these parts of the
Carpathians.

This study indicates that the oils accumulated in fields of this region were generated
from the Menilite shales of the Dukla Nappe, which occurred in tectonic windows within the
Magura Nappe.

In Silesian Unit occurs oils which differ mainly in their level of maturity. The oils
characterized by lowest maturity are accumulated at shallower depth. It suggests that
generation and trap filling was syntectonic. Identification and understanding all geological and
geochemical factsprovides to determine chart of eventsin petroleum

This study is a part of a ,Petroleum System Anaysis’ project in which the
understanding of hydrocarbon generation, migration, filling history is emphasized. In this
paper are presented a geochemical study of crude oils from Silesian and Dukla Units fieldsin
the flysch Carpathians- Poland region. The oils come from different production wells
reservoirs horizons, and compartments, but probably, have a common source (Menilite Beds)
with some organo-facies differences. The aim of this geochemical study is to understand the
type and quality of crude oils, their correlation, degree of thermal maturity and subsequent
ateration. A total of 84 oil samples were examined through whole-oil gas chromatography,
gas chromatography of saturate and aromatic fractions. Detailed saturate and aromatic
biomarker analysis were performed on GC-MS. Some of the analyzed crude oils have
undergone post emplacement alteration in the reservoir, including water washing, and
biodegradation. This has affected some of the geochemical parameters normally used to
interpret organic matter type, depositional setting and maturity of the source rocks. We used a
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1 — 10 scale proposed by Peters and Moldowan (1993) on which the extent of biodegradation
of an oil can be ranked based on the oil geochemistry (the presence or absence of various
biomarkers that have different susceptibilities to biodegradation). Biodegraded oils (extent of
biodegradation minor to moderate) are found in relatively shallow reservoirs ranging from
approximately 260m to 1000 m in depth. Biodegradation has not affected the distribution of
biomarkers such as hopanes and steranes. However the more intriguing aspects of this analysis
were. 1) the fact that many of these biodegraded oils also contained a relatively high
concentration of lower molecular weight hydrocarbons in the C, — Cyo range 2) same of non-
biodegraded oils have high F ratios, suggesting little loss of light ends due to evaporative
fractionation 3) another group of four oils found in structurally deeper reservoirs are residual
oils. The best explanation in each case seemed to be that moderate degraded oils were mixed
with non-dergraded petroleum. The presence of 25-norhopanes in some non-biodegraded oils
confirm this approach. It is widely accepted that petroleum containing n-alkanes, isoprenoid
alkanes and 25-norhopanes is a mixture of heavily degraded oil containing 25-norhopanes and
fresh oil containing n-alkanes. Such scenario indicates either two distinct periods of migration
separated by a biodegradational event, or migration into the reservoir along more than one
pathway.

All these processes may affect maturity assessment using geochemical parameters.
Consequently, there were used many maturity indicators calculated from distribution of
aromatic and saturate hydrocarbons (also presence of specific biomarkers) to evaluation
maturity of oils. Several geochemical parameters indicate that some of examined oils are not
fully mature whereas another are more mature and even “overmature”. Variation in level of
maturity across the fields could supply useful information about filling directions. The ability
to determine the migrated pathway by an oil from source rock to reservoir could greatly assist

in the identification of new accumulations of petroleum.
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A 3D basin model was conducted for the Malay Basin, as part of a 2006 integrated
regional study. The main objective of the regional study wasto identify new playsin the basin,
a basin which is now at the mature stage of exploration. Based on available maps and well
data, the 3D modelling was undertaken to understand the hydrocarbon distribution and
evauate the remaining potential. A Geographic Information System (GIS) tool was used to
integrate basin modelling results with geochemistry data from exploration wells to better
understand directions of hydrocarbon migration (Figure 1).

The main source rocks for the basin are the Oligocene-Lower Miocene lacustrine
shales, and the Middle-Upper Miocene coal/coaly shale (Creaney et a., 1994; Hoesni and
Abolins, 1996; McCaffrey et al., 1998). Compositional kerogen kinetics for both these source
rocks were determined. Compared to published ‘traditiona’ Type | and Il kinetics, the
hydrocarbon generation windows for both source rocks from Malay Basin are found to be
narrower and the hydrocarbons generate much later.

In combination with the GIS-based maps, severa insights on source rocks maturation,
migration pathways and sealing capacity have been made. With a GIS approach, relationships
of geochemical attributes (biomarkers and isotopes) can be readily viewed together with the
geological interpretation and the basin modelling results.

The generated hydrocarbon from the Middle-Upper Miocene coay source rocks are
found to be confined to the northern and middle part of the basin. Several exceptions are
noticeable at a few locations suggesting possible vertical leakage through faults from deeper
lacustrine source rocks.

3D modelling and migration analyses collaborate the findings on the origin of these
cross stratal migrated hydrocarbons based on the biomarker and isotopic signature. In cases
where correlations cannot be made, postulation on several alternative scenarios has been
proposed. In general, the modelling confirms that the distribution of oil and gas fields in the
Malay Basin is primarily a function of basin morphology in that most of the gas fields (and
related high CO> content) are located in the basinal depocentre. These fields are within the
shallower reservoirs where the gases are derived from overmature coay source rocks. In

contrast, most oil fields tend to be located towards the basin margin, especialy to the
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southeast basin flank where oil-prone lacustrine source rocks, being at shallower depths of
burial, are till in the oil window. In summary, the study results highlight several potential

sweetspots in the basin for future exploration.
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Figure 1. A screenshot example of a Gl S-based map consisting of three overlays: (i)
migration drainage pattern, (ii) maturation zones for lacustrine source interval and (iii)
pristane/phytane ratio for the oils
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The Cooper and Eromanga Basins together host Australia's premier onshore
petroleum province. Its oil and gas pools occur within non-marine successions of
Carboniferous to Cretaceous age. However, the first exploration well drilled in the region,
Gidgedpa-1, encountered shows of partly biodegraded oil in vuggy carbonates of the
Kalladeina Formation, which is part of the subjacent Cambro-Ordovician Warburton Basin.
Gidgeapa-2 discovered commercia gas in the Cooper Basin, but also recorded oil staining
and fluorescence in the Early Cambrian Mooracoochie Volcanics (Roberts et al., 1990). This
pristine aromatic-intermediate oil is clearly of marine origin. Shales of the Kalladeina
Formation (TOC up to 1.5%; Type Il kerogen) are its likely source, but several important
guestions remain unanswered. When did these Cambrian source beds enter the oil generation
window? Is Cambrian oil confined to the lower reaches of the Gidgealpa Field, or is it more
widespread? And if so, during its secondary and tertiary migration, did this oil reach the
Permianand Jurassic reservoirs of the overlying Cooper and Eromanga Basins?

The nine wells from which core samples of oil-bearing reservoirs were selected for
analysis are from seven fields (including Gidgealpa) located on or adjacent to the southern
end of the Gidgedpa-Merrimelia-Innamincka (GMI) Ridge. Residua oils were recovered
sequentialy from the intact pore system of sandstone core plugs by high-pressure solvent
flow-through extraction (SFTE: Schwark et al., 1997). This analytical approach is based on
the *first in, last out principle’ which assumes that the last oil to enter the reservoir (free oil)
is the first to be extracted, whereas the initial charge (adsorbed oil) is recovered last.
Molecular distributions of alkanes, aromatic hydrocarbons and akylcarbazoles in the residual
oil fractions (n = 2-5) recovered from each core plug were compared with those of end-
member Cambrian, Permian and Jurassic oils and selected source rocks. This allowed
determination of the extent of in-reservoir mixing, and helped constrain the charge histories
of the fields sampled.
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Three Permian oil types can be recognised using a methylphenanthrene source-
maturity cross-plot (Arouri and McKirdy, 2005): Family 1 expelled by Early Permian coals
(Ro = 0.9-1.2%) in the central Patchawarra Trough (but not represented here), Family 2
generated from lower rank coaly facies of the Patchawarra Formation and a new Family 3
apparently derived from the Epsilon and/or Toolachee Formations. In Eromanga reservoirs,
these oils have mingled with locally sourced Jurassic crudes to give mixtures in which the
Permian component is 40-75% of the total. End-member Cambrian oil from Gidgealpa-2 has
a methylphenathrene signature similar to those of Family 2 Permian oils.

Cambrian contributions to Permian and Jurassic reservoirs are reflected by lower
pristane/phytane and elevated Cy7/Cyg sterane ratios in their residua oils, relative to those in
younger non-marine crudes, and by the high 1,7/1,6-dimethylcarbazole ratios in some
residual oils from the Gidgeadpa Field (Halmann et al., 2006a,b). A Cambrian input is
particularly evident in the Patchawarra reservoir of the Daralingie Field (Wooloo Trough),
the Toolachee reservoir at Gidgea pa-8 (GMI Ridge) and in the earliest charges to the Namur
reservoir of the Taloola Field (Patchawarra Trough).

Maturity modelling of Gidgedpal, coupled with the measured maturity of
Cambrian-sourced residual oils, constrains the expulsion of oil from Kalladeina source beds
to the late Middle Cretaceous. Local Permian oil generation filled the Patchawarra reservoir
prior to the arrival of Cambrian hydrocarbons. Thus, Cambrian oil entered this reservoir
among its last charges, or migrated further up section to become the first chargeinto younger
sandstones.
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For crude oils (from the South-Central part of the Eastern Venezuela Basin, EVB)
three oil seeps (two of them located in The Paria Peninsula region, and the other one towards
the north-western side of the Orinoco river) and three reservoir rocks with oil impregnations
(Junin Field, Orinoco Heavy Qil Belt) from the EVB, were analysed in this study in order to
determine the organic facies, thermal maturity and age of the source rocks that generated them.
The purpose is to determine if any of these hydrocarbon occurrences represent a pre-
Cretaceous petroleum system in Venezuela. The oil samples were produced from Early
Miocene sands, the oil seeps are 0ozing out through Cretaceous and Quaternary sands, and the
reservoir rocks (Sandstones) with oil impregnations are Cambrian in age.

Geologically the study area involves the Espino Graben and part of the Interior
Foothills. The Graben is a depression observed by potential methods (Geoterrek, 1982) and
structurally is limited by the Ruiz-Saban Fault, toward the North, and the Altamira Fault
toward the South. The Urica fault System, together with the Anaco Fault, are one of the main
structural patterns affecting the area. There are several wells drilled in the Espino Graben
which have penetrated Carboniferous and Jurasssic sediments.

Conventional geochemistry, diamondoids, sterane relationship (Taukdar, 2006),
together with basin modelling, seismic data and regional geology were used in this evaluation.
Results show that there are three genetic families: The oil impregnations (Cambrian) from the
Junin Field form a distintive family based on geochemica data (NDR* ranging from 0.10-
0.18, Dinosterane ratio around 0.38-0.45, and TPP* between 0.2-0.4%, among others),
probably derived from a Late Triassic-Jurassic source rock with type Il kerogen containing
mixed marine and terrigenous organic matter deposited in marine environment. The oil seeps
are another family, probably derived from Jurassic lacustrine source rocks with type I1-111
kerogen deposited in coastal environments (TPP ratio ranging from 0.6 to 0.85, and 4-
Methyl-steranes between 0.2 and 0.8), and finally, the crude oils from South-Central EVB

form one genetic family derived from Tertiary source rock, probably the Oligocene interval,
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with type Il kerogen containing predominantly terrigenous organic matter deposited in
fluvio-deltaic system .

Identification of the source for the oil impregnations and the seep oils proposed in this
work provides the first geochemical evidence of the existence of a Jurassic Petroleum System
in Venezuela. Although the Jurassic interval has been penetrated by few wells in the Espino
Graben (Solorzano et al., 2001) and sorroundings, and is mainly composed of massive shales
representing oxigenated lacustrine facies, it might be possible to find it deposited in those
zones of greater burial and appropriatte conditions for oil and gas generation. From the
Petroleum System point of view an early generation might be infered as high heat flow that
must be associated with the cortical extension during the Graben formation; the reservoir rock
facies may vary from fluvia to alluvial fans, the vertical seal might be the lacustrine facies or
fluvial sequences and the lateral sea would be the faults that put in contact al these
lithol ogies and environments.

On the basis of these findings, and the geological model (Salazar, 2006) interpreted so
far, it is possible to have an oil generation scenario from a Jurassic source rock in the deepest
part of the Graben, with important lateral migration updip towards the flanks of it, as well as
vertical migration along the faults towards Cambrian sandstones located in the Southeastern
part of the Graben with eventual lateral migration towards other Paleozoic reservoirs. This
model, combined with structures visualized in the Pre-cretaceous sedimentary column, will

generate attractive plays for hydrocarbon exploration in Eastern Venezuela Basin.
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The Upper Cretaceous marine Abu Roash-F is a recognised source rock in the Abu
Gharadig Basin and has generated oil that has been found in Upper & Lower Cretaceous, as
well as Upper & Middle Jurassic reservoirs. Abu Roash-F sourced Lower Cretaceous &
Jurassic plays rely on large offset normal faults juxtaposing the source rock beneath the
reservoirs, allowing migration up the faults from mature kitchens. Access to charge is
therefore alarge risk.

In the adjacent Northern Egypt Basin the terrestrial Middle Jurassic Khatatba Fm is
known to charge Lower Cretaceous and Jurassic reservoirs. A Khatatba contribution to
predominantly Abu Roash-F sourced hydrocarbons had previously been suspected in the Abu
Gharadig Basin. Due to the old vintage and poor quality of the geochemical data, however,
the relative contribution remained inconclusive. A Khatatba sourced play does not require
large regional fault offsets and can charge Lower Cretaceous reservoirs viavertical migration.
The main risk is therefore source rock presence.

The objective of this study was to ascertain and understand the petroleum systems of the
Abu Gharadig Basin, specifically regarding the de-convolution of dual-charge to Lower
Cretaceous reservoirs. Modern geochemical analytical techniques were applied to show that
reservoirs in the Lower Cretaceous and Upper & Middle Jurassic appear to contain Khatatba
derived gases mixed with Abu Roash-F derived oil. “Khatatba-like” derived end-member oils
in Lower Cretaceous reservoirs were also identified. Cretaceous and Jurassic end-member
and ad-mixture identification requires compound specific isotope analyses (CSIA) of the
solution gas, n-alkanes and diamondoids, as well as comprehensive C7 fraction, whole oil GC
and biomarker anal yses.

Strong evidence now exists that hydrocarbons in the Abu Gharadig Basin are derived
from the Middle Jurassic Khatatba, as well as the previously established Upper Cretaceous
Abu Roash-F. This enables an effective Jurassic petroleum system to be targeted with an
increased confidence in the Abu Gharadig Basin.
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Geochemical oil-source correlation studies typically involve the use of hydrocarbon
distributions and/or compound-specific stable carbon isotopic compositions (813C) of
n-alkanes to establish genetic relationships. There have been a limited number of reported
cases where stable hydrogen isotopic compositions (3D) of individual compounds have been
used for oil-source correlation purposes (e.g. Li et al., 2001; Schimmelmann et al., 2004),
thus the robustness of the technique has not been rigoroudly tested. In this study, the
application of compound-specific 6D vaues in combination with §"°C values and
hydrocarbon distributions for oil-source correlation is eval uated.

oD values of hydrocarbons in bitumen and crude oils from the Vulcan Sub-basin
(Timor Sea, Northern Australia) have been previously reported and used to evaluate source
and thermal maturity (Dawson et al., 2006), complementing other previously published
research based on hydrocarbon distributions and compound-specific §"C values (Edwards et
al., 2004). The &D values of n-alkanes and regular isoprenoids from the oils largely support
their prior classification into two end-member groups, A and B (Dawson et al., 2006). Group
A oils have a marine source affinity, whilst Group B oils have a terrigenous source affinity
(Edwards et al., 2004). For example, the *3C and 8D values of n-alkanesin four Group A oils
average -27.5%. and -126%o, respectively; while in a Group B oil they average -26.3%o
and -102%o, respectively (e.g. Fig. 1). Four mixed oils contain n-alkanes with average §°C
and oD values of -27.0%0 and -110%o, respectively. An exception is Tenacious-1 crude oil
(Group A), which contains n-alkanes with more negative 5*3C values (averaging -28.9%o0) and
more positive 6D values (averaging -113%.) compared to those from other Group A oils.

This study aims to both reinforce and extend the findings of Edwards et al. (2004) and
Dawson et al. (2006) via analysis of additional Group A and Group B end-member ails (e.g.
Fig. 1), and a Group A oil (Octavius) with similar, unusual isotopic features to Tenacious.
Furthermore, the analysis of additional crude oil samples from multiple reservoirs where

several oil charges are thought to have accumulated will be undertaken. The purpose of this
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study is to highlight the potential of using compound-specific 6D values, in combination with

molecular features and 8°C values, for oil-source correlation in complex petroleum systems.
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Figure 1. Map of the Vulcan Sub-basin (after Edwards et al., 2004) showing well locations for
various Group A (A) Group B (B) and Mixed (M) oils. Numbers underneath well names show

the average n-alkane §"°C and 3D values, respectively. For Bilyara-1, the bulk D value of the
saturated hydrocarbon fraction is shown. Well names in italics are oils yet to be analysed.
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South Conson (SC) basin is located in the southeastern part of South Vietnam offshore.
There is exploitation Daihung oilfield and some exploration wells. Last years two oilfields —
Thien Ung and Mang Cao were opened in Miocene sediments.

The physical properties of Miocene petroleum fluids in SC basin vary considerably:
from heavy resinous ones to gas and condensate. So, DST#3 bottom deposit in Mang Cao
oilfield contains heavy waxy viscous oil, and DST#5 top deposit - light condensed ail.

DST#3 oil contains 69% of saturated hydrocarbons, 21% of aromatics and 10% of
NSO compounds. Small amount of light component was detected in oil gas chromatogram,;
n-alkanes distribution is one-model, maximum being C22-C23. This oil is characterized by
relatively high pristan/phytan ratio (6,7), predominance of C29 over other homologous
steranes and diasteranes (51%), very high genera content of compounds formed from
polycadinene resins which are mainly produced from angiosperm trees (Fg.1l) - oleanane
(Oleanane/Hopane as % =186) and bicadinane (bicadinane T/hopan ratio = 0,27).

DST#5 condensate contains 94,7% of saturated hydrocarbon, 5% of aromatics and
0,3% of NSO compound. Alkanes range from C12 to C32, light fraction predominate (85%
fraction is C12-C20), n-alkanes distribution is one-model, C14 being maximum. As well as
DST#3 oil this condensate is characterized by relatively high pristan/phytan ratio (7,5),
predominance of C29 over other homologous steranes and diasteranes (50%), very high
content of oleanane (Oleanane/Hopane as % =112) and bicadinane (bicadinane T/hopane
ratio = 0,35). This sample contains high concentration of compound 24/4-1, 24/4-2, which
may be a descendant of A-oleanane/Ursane. Ratio (24/4-1+ 24/4-2)/Hopane >1.

Therma maturity parameters of DST#3 oil and DST#5 condensate are different.
Vitrinite reflectance equivalent (%Ro) calculated from methylphenanthrene index-1 (MPI-1)
was 0,7 for DST#3 oil and 0,9 for DST#5 condensate.

Both DST#3 and DST#5 have similar geochemical parameters and possibly common
organic matter with high land plant components, but different thermal history.

High land plant components are contained in fluids from Miocene sediments of Thien

Ung and Daihung oilfields, but their concentration is lower than in DST#5 condensate.
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Southwestern Iran constitutes one of the most prolific hydrocarbon (oil and gas)
producing habitats. Although the geological framework of this area is well defined,
considerable uncertainty exists as to the origin of these hydrocarbons. Marun ailfield is
located at the end of ssimply folded zone, very close to the border of folded zone and unfolded
zone (Albian plate). During Upper Cretaceous to early Tertiary, stratigraphy and structural
geology in Marun area have been severely influenced by tectonic activities.

A total of 10 crude oils from the Asmari (Oligocene-Miocene) and Bangestan
(Cretaceous) reservoirs in the Marun oilfield have been studied using their biomarker and
stable isotopic compositions. The Asmari and Bangestan oils investigated in this study are
rich in aiphatic hydrocarbons, having yields of up to 53.9%, characteristic of mature,
paraffinic oils. Biomarker (sterane and triterpane) distribution patterns of Asmari and
Bangestan oils are closely similar to each other. For example, dl crude oils investigated show
pristane /phytane ratio < 1 and their hopane mass chromatograms reveal a noticeable
dominance of Css-homohopanes over C;,-homohopanes, characteristic of oils derived from
marine carbonate source rocks The maturity sensitive biomarker parameters suggest that the
Asmari and Bangestan oils have been generated at the peak oil window maturation (Fig. 1).
Biomarker data also indicate that Asmari and Bagestan oils are derived from algal sapropelic
kerogen (Type Il) deposited in an oxygen-poor (anoxic) environment. Pristane-to phytane
versus aromatic (dibenzothiophene / phenanthrene) biomarker parameter (Fig. 2) also
supports a marine carbonate source rock for these (Hughes, 1984). This finding is further
supported by the predominance of C,g-norhopane over Czy-hopane, which is characteristic of
carbonate-rich source rocks.

Asmari and Bangestan oils were also correlated using their stable carbon and sulfur
isotopic compositions. Although the oils investigated are closely related based on their
biomarker evaluation and carbon isotope ratios, their sulfur isotope results demonstrate some
differences. Bangestan oils containing H2S gas contributions originating from
thermochemical sulfate reduction (TSR) (Valley et a., 1986) show isotopic compositions
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amilar to those of Asmari oils, suggesting either mixing or a similar organic facies source
rock (Fig.3).

Fiaure 2: Assessment of I nferred Source Rock Lithofacies for the Banaestan and Asmari

Figure 1: Cross-Plot of two Biomarker Parameters Sensitiveto crudeoils from theMarun Oilfield
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The reef paleo-oil reservoir, being special bitumen-rich zone in carbonate rock of Late
Palaeozoic, were mainly distributed in Permian and Devonian strata, such as Dachang
Devonian paleo-ail reservoir in Nandan County, Anran Permian paleo-oil reservoir in Ronglin
County and Banjie Permian paleo-oil reservoir in Ceheng paleo-oil reservoir etc. The
reservoir for paleo-oil is mainly bioherm limestone. The bitumen mainly occurs in cavities
and fractures, and also in matrix pores and biologic coelomata. Though the study on bitumen
reflectance, element analysis, biomarker, and isotope etc, it is thought that the bitumen in
paleo-oil reservoir is from mid-lower Devonian source rock in Nanpanjiang Basin and the oil
in paleo-oil reservoir cracked under high temperature and pressure in depth into pyrobitumen.

1 Geochemical Features of bitumen

Reflectivity of bitumen. According to bitumen in several typical paleo-oil reservoirs,
the bitumen properties are identically characteristic of anthraxolite with high maturity, being
fragile, non-dirty, stedl-like grey, conchoidaly fractured and insoluble in chloroform. The
bitumen Rb is 2.85%~6.25% and the corresponding Ro ranges between 2.16%~4.26% with
the average of 3.55%.

Elemental analysis of bitumen. The carbon content of bitumenfor the Devonian paleo-
oil reservoir is 75.2%~87.17% with the mean of 81.5% and the hydrogen to carbon atomic
ratio (H/C) is below 0.2. The carbon content of bitumen for the Permian paleo-oil reservoir is
42.5%~86.54% with the mean of 74.9%, and the H/C atomic ratio is about 0.3. These indicate
that the evolutionary degree of the Devonian paleo-oil reservoir in Dachang of Nandan
County is higher than that of the Permian paleo-oil reservoir.

Carbon isotopes of bitumen. Carbon isotopes for 25 bitumen samples from 5 pal eo-oil
reservoirs range between -25.9%o0~ -29.7%o with the mean of -27.96%.. Among which carbon
isotopes and the average are -25.9%o0~ -28.1%0 and -27.33%0 for the Devonian bitumen; -
26.5%0~-29.7%0 and -28.1%0 for the Permian bitumen, respectively. These carbon isotopes
may also indicate that maturity of the Devonian paleo-oil reservoir is higher.

Dissolubility of bitumen. Extracting soluble compounds from bitumen is one of the

methods to understand the origin of bitumen. Bitumen samples from the Nanpanjiang Basin
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were extracted with different routine extractions, such as the normal one (using chloroform
for 72 h); low-polarity one (using chloroform and normal hexane (1:1) for 72 h) and high-
polarity one (using chloroform, methanol and benzene (2:1:1)for 120 h), but no extracted
products were obtained even from low-polarity and high-polarity extractions. High maturity
of the bitumen i sconsidered to be the main reason for this result.

2 Source of the bitumen

Carbon isotopes for 27 kerogen samples from the Middle Devonian source rock and
12 kerogen samples from the Permian source rock were measured to range between -24.6%o
to -27.6%0 with the mean of 26.6%. and -22.4%0~24.7%. with the mean of -23.6%o,
respectively. While carbon isotopes of bitumen from the Devonian and Permian paleo-ail
reservoirs vary between -25.9%0~-28.1%0 with the mean of -27.33%0 and -26.5%0~-29.7%o
with the mean of -28.16%o, respectively. Therefore, the bitumen in paleo-oil reservoirs of the
studied area was mainly sourced from the Devonian source rock while the Permian paleo-
reservoir bitumen shows lower maturity and lighter carbon isotopes due to the mixture with
the product generated from the Permian source rock.

3 Generation of the Bitumen

The bitumen related with paleo-oil reservoirs can be generated by reservoir
degradation, oil cracking (Huc et a., 2000), bitumen tar formed by hydrocarbons charged at
different stages (Wilhelms et a., 1995) and gas invasion bitumen (Littke et al., 1996).
Pyrobitumen is greatly different from the bio-degradation bitumen and precipitation
asphaltene in maturity and shape. Generally, bio-degradation bitumen and precipitation
asphaltene are granularly dispersed and irregular in shape. But pyrobitumen, due to the
influence of high pressure, often shows clear marginal polygon.

The bitumen in the Nanpanjiang paleo-oil reservoirs shows a certain geometric shape
with clear and straight boundaries, which is accordant with the features of solid bitumen in
carbonate reservoirs in the Sichuan Basin (Lin et a., 1998). Furthermore, bitumen in the
Nanpanjiang paleo-oil reservoirs has a very high reflectivity, thereby, it is pyrobitumen which

was generated by oil carking under the conditions of high temperature and pressure.
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Traditional biomarker parameters obtained from steranes, terpanes and aromatic
compounds were applied, to characterize and classify 10 surface petroleum shows from
onshore West and East Cuba.

Cuban oils have already been classified in three main families according to their
molecular and isotopic compositions (Lopez et al., 2004, 2006; Pascua et al., 2006;
Dominguez, 2006). In the present study, genetic molecular parameters were compared in
order to establish oil-oil correlations between surface asphaltites (asphaltene rich petroleum
samples occurring as seeps or filling veins, joints, cavities and fissures) and reservoir oil
samples.

All surface samples showed indications of biodegradation and intense loss of volatiles.
Gas chromatograms showed partial to total loss of n-paraffins, isoprenoids (pristane and
phytane) and humps of unresolved compounds (UCMSs). In three samples, n-paraffins and low
molecular weight compounds suggest a “fresh” pulse of oil. The series of 25 norhopanes were
observed only in eight of the ten samples.

Concerning the study of aromatic compounds, four surface samples reveaded
predominance of dibenzothiofene (DBT) over phenantrene (P), as well as predominance of
methyl -dibenzothiophene (MDBT) over methyl-phenantrene (MP), suggesting a sulphur rich
carbonate source-rock (Hugues, 1984). In four samples, the distribution of MDBT in V shape
(4MDBT > 2 3MDBT < 1MDBT), also suggests a carbonate source paleoenvironment,
although Radke and Willsch (1994) have interpreted this feature as indicating low maturation
rather than a carbonatic character. Other four samples showed a distinct pattern, with AMDBT
> 2 3 MDBT > 1 MDBT, which would be typical of a siliciclastic origin (Hugues, ibid). In
two samples, 2 3MDBT was the most abundant compound, which might indicate its
resistance to biodegradation (Volkman et al. 1984, William et al. 1986).

Thermal evolution were investigate using several biomarker maturity parameters as
Cy steranes isomers (20S20S+20R and ofp/app+aaa), 22S5/22S+22R  homohopane
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isomerization of Cs; and ratios of aromatic compound (Methyl Phenantrene Index and Methyl
Benzothiophene Ratio (Radke et al. 1986). There is general agreement between different
maturity parameters, including C23/C21 tricyclics (Ekweozor and Strauz, 1983; Cassani,
1986). All samples seem to represent petroleum in the early catagenetic stage.

Statistical procedures used as auxiliary technique to the genetic characterization and
classification of samples (PCA and Cluster Analysis) point that they represent oils of the
Family Il (marine anoxic carbonate sourced oils)), except for 1 sample interpreted as
belonging to Family |1l oils (norma marine siliciclastic suboxic sourced oils). Aromatic
compounds (e.g. phenanthrene and alkyl derivatives, dibenzothiophene and alkyl derivatives)

showed to be very useful in oil-oil correlation of biodegraded surface petroleum shows.
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There has been considered physica and chemica properties, isotopic and HC
compositions of Upper Proterozoic oils from the Siberian, East European, and Arabian
platforms. Special attention is paid to the study of saturated aliphatic and cycloaliphatic HC-
biomarkers with gas-and-liquid chromatography and gas chromatography-mass-spectrometry
methods. It has been determined that Pre-Cambrian oils with their many properties being
similar to Phanerozoic oils posses, in the mean time, their specific features.

The presence of the same HC-biomarkers in Pre-Cambrian oils (normal akanes,
isoprenane, monomethylalkanes, steranes, hopanes, cheilantanes, etc.), which typify younger
Phanerozoic oils as well, prove the biochemical integrity of biodipid complex of the living
matter to have been extant throughout all the history of Earth, beginning from the time of
origin of life. Anyway, despite the composition of living matter being bio-chemically unified
through all the geological history, lipid complexes of the living matter had never been
persistent in parts.

All the studied Pre-Cambrian oils were abnormally rich in light carbon isotope 2c
(8%3C varies from -37 up to -29 %o). In terms of the content composition of aliphatic and
cycloaliphatic HC-biomarkers oils are suggested to be classified into two major families. The
first family comprises oils from some basins of Siberian and East European platforms. There
are no 12- and 13- monomethylalkanes in them, steranes Sto; and Styg are contained in
approximately equal amounts, tricyclanes dominate among terpanes, and monotonous
decrease is identifiable in Hhsi-Hhz> hopanes' concentrations in parallel with the molecular
mass growing. By their basic characteristics, oils from this family are similar to Phanerozoic
marine oils derived from lipids of procaryotes and protista eucaryotes.

The second family includes oils widely abundant in East Siberia (Baykit and Nepo-
Batuoba anteclises), in Oman, and some other oils from East European platform. The
presence of 12- and 13- monomethylalkanes, and high concentrations of tricyclanes are
inherent to them; Hhgs-Hhs, homohopanes tend to predominate, generaly, while
ethylcholestanes predominate dramatically among steranes. Analogs of oils from this family

are not known to be found among the Phanerozoic marine oils.
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So, it can be presumed that in Late Proterozoic there existed two types of marine
ecological niches In one of them prokaryotes proved to have been identical to Phanerozoic by
their lipid complexes composition, whereas in other group there lived organisms with the lipid

content composition different from Phanerozoic one, which influenced the compositions of

oils derived from them.
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DEGRADED OILSRELATED TO SOURCE AND RESERVOIR ROCKSIN
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Moesian Platform is an epicontinental basin situated on both sides of the lower course
of the Danube, bordered by the Carpathian system to the North, the Balkanids to the South, by
the North-Dobrogean Orogene to the NE. Towards the East this geological unit continues in
the basin of the Black Sea.

There are many hydrocarbon accumulations in the Moesian Platform which it were
partial constituted the subject of some geochemical studies.

From the observation that there is a north-south growth trend for oils degradation or
that two oils belonging to some oilfields which are found at great distances from one another
have the same gas-chromatograms appearance, it was born the idea of a thorough study of
these ails.

This paper is based on the geochemical data of several oil samples, reservoir rocks and
possible source rocks from Moesian Platform. A full range of analyses has been carried out
including API gravity, sulphur content, gas-chromatography (GC), gas chromatography/mass
spectrometry (GC/MS) and Rock-Eval pyrolysis using Rockint 6 software.

It was observed the differences between degraded oils from the Eastern or Western
part of the Platform and between the sources for these oils. The Moesian Platform is the most
interesting geological unit because the changes and variations of the quality of petroleum
occur within the same structures or pay formations of a structure.

It were achieved several types of diagrams. Methylphenanthrenes indexes (MPI 3
versus MPI 1), sulfur content versus API gravity for oils, star diagrams for degraded oils from
the Moesian Platform, correlations of degraded oil-source rock and oil-reservoir core using

biomarker ratios.
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