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Preface

The Seventh Petroleum Geology Conference (PGC VII) was the latest in a prestigious series dating back to 1974. Over the years, this
conference series and the associated proceedings volumes, commonly known as the ‘Barbicans’, have provided an important reference to
NW Europe exploration and production, from its early life as an emerging world class petroleum province, through to its current mature
stage. The previous conference opened the door to embracing selected other areas of the world, while still maintaining the tradition of the
former five preceding conferences. The seventh conference, entitled: ‘Petroleum Geology: from Mature Basins to New Frontiers’, while
also staying true to its roots, was a truly international conference, with sessions encompassing many of the petroleum provinces of the
world, that is: Europe; Russia, the Former Soviet Union (FSU) and the circum Arctic; North Africa and the Middle East; and Passive
Margins worldwide. As the world seeks new energy sources, it was most appropriate to have a session dedicated entirely to unconventional
hydrocarbon resources. Regular features such as a core workshop were present. In addition, innovative new features, such as the
geocontroversies debates and virtual field trips, both of which are described below, enhanced what was already a well established
conference format.

The conference series has been distinguished by its high scientific quality; PGC VIl is no exception. We are confident that these proceedings
volumes will continue to be the standard reference for successive generations of petroleum geoscientists. The proceedings, in general, will
follow the thematic format of the conference itself, and the majority of the papers presented in the conference appear as scientific contributions
in the proceedings volumes. This preface attempts to provide an insight into the unifying themes of the conference.

The scene was set by a plenary address on ‘Global Petroleum Systems’ to place the various geographic-based sessions into their
mega-regional plate perspective.

The geocontroversies debates, mentioned above, were designed to address certain broader challenges facing society and the petroleum
industry today, in contrast to the highly scientific nature of the presentations in the other sessions. The format of the geocontroversies
debates was one whereby two expert protagonists presented their case: one for and one against a motion. The three motions, one of which
was presented on each of the three days of the conference, were entitled: ‘This House believes that the North Sea is finished’; ‘This
House believes that National Oil Companies (NOCs) are the future of the petroleum industry’; and ‘This House believes ‘“Peak Oil” is no
longer a concern’. Each debate was concluded with a poll in which the audience raised a yellow or red card to indicate their support or opposi-
tion to the motion. The results were, respectively, that the North Sea is not finished; NOCs are the future of the petroleum industry; and that
‘Peak Oil’ is indeed with us! The debates were a great success, enjoyed by all, and set a benchmark for the future.

The virtual field trips transcended all aspects of petroleum geoscience, using a medium whereby delegates could ‘return to the rocks’ and go
on a field trip to various exotic parts of the world, but without leaving London. Significant advances over recent years in geoscience data
acquisition, visualization and analysis now permit the construction of detailed digital outcrop models. In a visualization environment,
these outcrop models can be viewed sequentially in 3D to simulate a geological field trip. While it is recognized that virtual field trips
will not surpass the benefits of undertaking actual field work, they clearly have their place in the petroleum geoscientists’ tool-kit. For
example, digital outcrop mapping techniques, showing lateral and vertical facies associations and the distribution of fracture networks,
can be transformed into a static geocellular model, the forerunner for reservoir simulation. Eight case studies are provided as video-clips
on the accompanying DVD. The various localities visited include Ireland, France, Norway, Egypt, Greece and the USA. More widespread
use of these technologies, and associated new developments, are undoubtedly a future trend in petroleum geoscience, as the keen interest
in this session demonstrated.

The core workshop has been a successful regular feature of recent ‘Barbican’ conferences, enabling petroleum geoscientists to ‘get their
hands on the rocks’. This has, in large part, been due to the enthusiasm and dedication of Dr Colin Oakman. Colin sadly passed away at the
time of preparing for PGC VII. It is most appropriate that this core workshop bears his name. Colin would have been duly proud. The core
workshop focussed on reservoir sedimentology of the North Sea Basin and featured presentations by PhD students, academics and consultants
that placed the reservoirs, as shown by the cores, into context. The cores illustrated a diverse range of ‘classic’ North Sea reservoirs. Cores
were presented from the alluvial and fluvial clastics and carbonate turbidites of the Carboniferous of the southern North Sea. The central North
Sea was represented by cores from Triassic aeolian and fluvial clastics, Jurassic (Fulmar Formation) shoreface sandstones and Cretaceous
deepwater fan deposits. The northern North Sea was represented by cores from the deltaic sequences of the Jurassic (Brent group). In
summary, the core workshop provided an impressive display of reservoirs of various ages, facies and geography across the North Sea
Basin to complement the papers and posters of the Europe session.

Europe, in particular the North Sea, has been the cornerstone of the ‘Barbican’ conferences over the past 35 years, as summarized in the
Europe section of these proceedings volumes. This conference confirmed that a high interest in Europe continues, manifesting itself as the
most extensive session of the conference. This is depicted in the proceedings by the themes of exploration, field development and production,
and new techniques in exploration and exploitation. The key issues addressed include small pool and high-pressure, high-temperature explora-
tion, late-stage field exploitation, and field redevelopment. In addition, the North Sea has, for many years, provided copious high-quality,
multidisciplinary subsurface datasets that permit tracking of plays and fields from discovery through to late life and, in some cases,
rehabilitation; it is truly a world class ‘laboratory’ for future exploration and production activities around the world. This aspect is comple-
mented by the pioneering of emerging technologies that also have applicability around the world.

The exploration theme has papers, regional, local and of a detailed case-study nature, that describe current exploration activity for small,
deep pool, and complex structural and stratigraphic prospects in mature and frontier plays. The detailed integration of seismic, well and
analogue-derived technologies to better understand structural evolution and sequence stratigraphic-based depositional systems are illustrated
by case examples. The field development and production theme contains papers that describe the petroleum industry’s responses to the chal-
lenges of low-permeability reservoirs and reservoir prediction. Finally, the theme on new techniques in exploration and exploitation contains
papers that emphasize the need for integration across the spectrum of geoscience and petroleum engineering disciplines. Papers pertaining to
recent advances in petrophysics, 3D and 4D seismic applications, and the targeting of drilling and completion technologies within integrated
reservoir models complete this most rewarding section in the proceedings. For those readers searching for Atlantic margin papers in this
section, these are placed more appropriately in the Passive Margins section. In this regard, we would encourage readers to look throughout
the proceedings, as their particular subject of interest may be in a different section.
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The Russia, FSU and circum-Arctic session covered vast, diverse regions, with some complex petroleum systems, ranging in age from
the Neoproterozoic to the Cenozoic. These regions have attracted considerable interest from the petroleum industry over the past 20
years. The offshore Arctic, in particular, is perceived as a possible future world-class petroleum province with the likelihood of some new
giant fields. It has, however, significant technological challenges in addition to important environmental considerations and its remoteness
from markets. The series of regional papers addresses the geology of the Arctic basins, including their tectonic origin, and proposes
models for their genetic evolution. It is truly a circum-Arctic regional section, with papers from Russia, Norway, Greenland, USA and
Canada. In contrast, at a field scale, this section hosts two field development papers from the north Caspian Basin: the giant Karachaganak
and Kashagan fields.

The North Africa and Middle East session is also strongly represented by papers addressing the regional geology. However, in this
region, the emphasis was on the search for new older and deeper plays in known areas, and conventional plays in the frontiers. The North
Africa petroleum systems of the Ghadames and Kufra basins are featured, including discussion of the glacio-eustatic controls on facies
patterns. The impact of recent advances in seismic technology, in providing a step-change improvement in our understanding of basins,
and their possible deeper potential, was demonstrated by papers from the comparatively well known Gulf of Suez and northern Red Sea
areas. Moving to a field scale, a case study of the appraisal of the Taq Taq field in northeast Iraq provides insights into the technological
approaches used to model fracture systems.

The session on Passive Margins was highly popular with delegates. Passive Margins have been the mainstay of global exploration success
and fast-track field development over the past 25 years. Deepwater production now exists from Passive Margins as diverse as Angola, Nigeria,
Brazil, US Gulf of Mexico, Egypt and India. A generation of petroleum geoscientists have now spent a significant part of their careers explor-
ing Passive Margins using methodologies mostly based on direct hydrocarbon indicators.

It is welcoming now to see a more holistic approach to our understanding of Passive Margins, this being a key feature of the conference
and proceedings. New insights are presented and old dogmas questioned. The evolution of Passive Margins is examined using exciting new
information on the deeper structure of continental margins. New models are being developed that propose, for example, multiphase rifting
events and a better understanding of the role and implications of volcanics. This diverse nature of Passive Margin geodynamics has resulted
in different views regarding genetic basin evolution and architecture. This impacts our understanding of thermal history and subsequently the
predicted level of maturation of source rocks. Further examples of a more holistic approach include discussion and integration of ‘source to
sink’ concepts that address geomorphology, drainage systems, sediment supply and the influence of palaeoclimate. A principal benefit of these
new approaches is a better understanding of the potential of a variety of play types, for example, deltaic depocentres, slope by-pass systems,
carbonate platforms and margins, deepwater fold-belts, and pre-rift and syn-rift sections. Technology will continue to play a vital role. Papers
were presented that demonstrate that improved seismic imaging techniques are having a profound effect in our understanding of the pre-salt
plays offshore Angola. Will the latter mirror the conjugate margin offshore Brazil, the scene of many exciting, world class discoveries in
recent years? The comprehensive Atlantic Margin section addresses new results in understanding the sub-volcanic geology of this extensive
region. We are confident that further applications of these new approaches will breathe further life into Passive Margins worldwide and unlock
new, deeper play potential.

Since the last conference in 2003, there has been a significant increase in interest in unconventional hydrocarbon resources to address, in
part, the world’s future energy needs. This has been particularly apparent in North America. It therefore appeared appropriate for this con-
ference to address this important topic, and to assign a separate session devoted exclusively to unconventional oil and gas resources. These
resources include oil sands, oil shale, shale gas, basin-centred gas, coal bed methane and gas hydrates. Unconventional oil and gas resources
are commonly described as continuous or regionally pervasive and, although in-place volume estimates may be large, overall recovery is
relatively low. These accumulations certainly challenge the paradigms associated with conventional resources, for example trap delineation
is often problematic; reservoirs are developed in rocks formerly considered as sources and seals; and many unconventional oil and gas
resources lack hydrocarbon—water contacts.

Pioneering research and technological innovation is underway. Many initiatives are focussed on North America, although other areas of the
world are emerging. Aspects of this research are highlighted and complemented by some initial studies in Europe.

A spectrum of different examples from various parts of the world were presented. These include: the Bakken petroleum system, a tight oil
play of the Williston Basin in North America; the basin-centred gas plays of the Western Canada Foreland Basin and the Pannonian Basin,
Hungary; and the heavy oil deposits of the Athabasca Oil Sands in Canada.

The geological storage of carbon dioxide is rapidly gaining recognition as an important potential method for reducing carbon dioxide
greenhouse gas emissions in the near future. These developments are driven by concerns to address climate change. However, these technol-
ogies are expected to also have future application to the petroleum industry and other parts of the energy sector. Recent findings from current
commercial carbon capture and storage projects in the North Sea and North Africa are presented, and are complemented by major research
programmes in North America.

The ‘Seventh Petroleum Geology Conference; from Mature Basins to New Frontiers’, and these proceedings, owed their success to the
efforts of many dedicated individuals over a considerable period of time. We take this opportunity to thank each of them for their contri-
butions, energy and enthusiasm, which have resulted in a complex job well done. We fully recognize that this success has been achieved
at the same time as other competing demands for their skills and expertise. The willingness of many companies to release proprietary datasets
and concepts, a hallmark of an up-to-date conference and scientific publication, is also gratefully acknowledged. We believe that the highest
scientific standards have been attained in line with the tradition of the ‘Barbican’ conferences and proceedings of the past. In particular, we
thank all members of the PGC VII Board, Organizing Committee, and Technical Committee, the latter as convenors for the conference, and
subsequently as authors, referees and editors for the proceedings volumes. It has been an honour and a privilege to work with them. We also
thank all our sponsor companies and universities for their support, whether this has been through direct funding, or indirectly through the
provision of their staffs’ valuable time. Finally, we thank the staff of The Geological Society Publishing House for preparation of a publication
that will stand the test of time. We hope and trust that you, the reader, will enjoy the proceedings and use them extensively as a scientific
standard reference, both as a book on your bookshelf and digitally on your desktop, in the global search for, and exploitation of, future
energy resources.

Bernie Vining and Stephen Pickering
London, 2010
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Abstract: Each of the Earth’s approximately 900 sedimentary basins is a unique result of geologic, hydrologic,
atmospheric and biologic processes. The interaction of these processes results in complex histories that are palaeo-
geographically linked within tectonic provinces. Process-based genetic analysis provides the fundamental frame-
work for predicting the distribution and character of petroleum systems. New technologies enable the exploitation
of this predictability and are themselves the origin of new ideas and improved systems understanding. Petroleum
geoscience embraces both forward modelling of processes as well as observation, calibration and inverse model-
ling. This approach of forward and inverse modelling promotes a general scientific methodology of simulation,
prediction, testing and learning that allows us to describe the genetics of sedimentary basins. Genetic analysis
can be applied to the spectrum of resource types from hydrocarbon to groundwater to mineral systems and
across the range of scales from regional to play to prospect. Like the study of evolution through the fossil
record, fundamental characteristics of petroleum systems can be recovered from the patterns of their distribution
within the framework provided by plate motion, palacogeography and palaeoclimate. These fundamental drivers
control regional tectonics, subsidence, fill history and deformation that result in the phenotypic expression of indi-
vidual basins and their fluid systems. Genetic analysis results in a taxonomic hierarchy that facilitates prediction
and guides resource exploration. Although genetic analysis provides a framework for understanding the distri-
bution and nature of petroleum systems, that framework itself is insufficient to address the challenges now
facing the petroleum industry. New technologies are required to enable exploration in frontier settings, to identify
new opportunities in mature basins, to maximize recovery from existing fields, and to unlock the potential
of unconventional resources. Future success in all of these areas is fundamentally dependent on our ability to
conceptualize new ideas.

Keywords: basin, petroleum system, palaeogeography, plate reconstruction, play element, genetic, tectonics,

hydrocarbon

The objectives of this paper are threefold. Firstly, to provide a
perspective on global petroleum systems including the global
experience base and genetic thinking at a variety of scales from
plates to pores. Secondly, to address the role of technology both
in supporting identification of new opportunities and in maximizing
value of existing assets, and thirdly to introduce the themes of the
7th Petroleum Geology Conference.

Our industry is currently facing a number of challenges. In the
spring of 2008, the price for a barrel of oil was approximately
US$90. By midsummer, it had exceeded US$140 and by March
of 2009 it had dropped below US$40. The impact of such dramatic
price fluctuation is clearly reflected in the news headlines. During
the summer of 2008, many companies were announcing major
new projects in what had been economically challenged opportu-
nities such as Canadian tar sands. In the past few months, many
of these same companies have announced decisions to delay or
defer these same projects.

The asset portfolio of many major international oil companies is
evolving through the inclusion of new asset types and a changing dis-
tribution of asset classes. To some degree, this has always been the
case in our industry. For example, the same comments were made
when the industry evolved from dominantly onshore in the 1940s—
1950s to including significant offshore operations in the 1960s.
The move into very deep water in offshore West Africa, Gulf of
Mexico and elsewhere in the 1980s is another example. Now, as
exploration for conventional hydrocarbons becomes increasingly
challenged, the asset portfolio includes more and more hydrocarbon
resources associated with what a decade ago were largely considered
economically and technically unattractive opportunities.

The primary objective for most exploration activities is
profitable acquisition of the best quality resources available.
Recognizing both the difficulty in prediction of the price environ-
ment and the long-term nature of our projects, our industry has
always relied on the development of new technology to make
these resources profitable. Technology itself, however, presents
an increasingly demanding challenge. Lienhard (1979) and others
have demonstrated that the rate of technology change is exponential
given that two criteria are met: (1) incentive/motivation exists to
improve the technology; and (2) the technology is not limited by
basic laws of science. Although Moore’s law related to the expo-
nential increase in the number of transistors placed on an integrated
circuit is the most commonly cited example, many technologies
exhibit this behaviour. Examples in our industry include LNG
train capacity, heavy oil recovery, and controlled source electro-
magnetic imaging performance. The pace of technology develop-
ment demands that companies are actively engaged in technology
innovation just to keep up with the rapidly changing technology
landscape.

A large number of organizations within our industry are now
facing a demographic challenge that has been referred to as the
‘crew change’. The experience profile of these organizations
includes a large population of staff nearing retirement age, followed
by an underrepresented population of 32—45 year olds, and then a
population of young staff with limited experience. This has led to
significant activity associated with efforts to capture and transfer
knowledge within organizations.

Our industry has always faced challenges such as these and will
continue to be faced with new challenges in the future. Success in
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the face of such challenges depends in part on a few simple prin-
ciples. From a business perspective, these principles might
include such things as profitable volumes growth, operations integ-
rity, effective knowledge transfer and commitment to research
and development.

In addition to these extrinsic challenges, we are continually
faced with the intrinsic challenges associated with sedimentary
basins and their petroleum systems. All basins are unique.
They represent complex systems with long histories involving
multiple agents, numerous non-linear processes, feedback and
emergent behaviour. Our ability to image, sample and measure
these systems is limited, yet business success is dependent on our
ability to predict the distribution and characteristics of these
systems and, most importantly, how they will produce. In addition,
especially in basins where we have our most mature knowledge
through a history of exploration and production, the realization
is increasingly common that future opportunities will be more
subtle. Our ability to identify opportunities associated with new
hydrocarbon resources as well as to maximize the value of existing
resources also relies on fundamental principles such as genetic
basin analysis and improvements in technology capability.

Genetic basin analysis

Genetic basin analysis has a long and colourful history. The Rover
Boys are representative of an early phase of genetic analysis. They
were a group of geologists who, during the 1940s through the 1960s,
were sent out by Standard Oil management into the unknown basin
areas in the world to make a quick assessment of hydrocarbon
prospectivity. They developed an impressive understanding of
global geology and hydrocarbon potential based on their wide-
spread travels and fundamental field observations. Describing the
history of the Rover Boys, Dave Kingston wrote: ‘By the mid-
1960s, the best-looking onshore basins worldwide had been exam-
ined and surface field work had given way to a new frontier — the
offshore. ... The roving days were over by the end of the 1960s’.

Although the quote from Dave Kingston carries more than a
hint of sadness, the Rover Boys would reinvent themselves
through a series of global studies groups and projects that were fun-
damentally based on genetic analysis. A report by Dave Kingston
and others from 1973 on basin classification identified a series of
‘prime genetic parameters’ including basement composition
(oceanic or continental), the type of past plate movement involved
in basin formation (divergent, convergent), the present day plate
position, the number of structural or subsidence events and the
number of changes in the latter. This eventually became the King-
ston basin classification that was published in 1983 and used by
many geologists for a number of years (Kingston et al. 1983).

Similarly, some organizations within our industry were very
early adopters of plate tectonic theory and quickly translated it
into implications for understanding and predicting basin history.
For example, in 1968 Temple and Nelson wrote a report entitled
‘Origin and Evolution of the Continental Margins’ that concluded:
‘Based on the hypothesis of sea floor spreading and continental
drift, a model for the origin and evolution of continental margins
is proposed. ... The type of margin and its predictable character-
istics ... should lead to a better assessment of their petroleum
potential’. This was 1968! Remember, the classic paper by Le
Pichon on seafloor spreading was only just published in 1968 (Le
Pichon 1968).

Within just a few years of the emergence of the plate tectonic
paradigm, it was becoming common practice within regional
studies groups to generate plate reconstructions as base maps for
palaeogeography and to convolve that framework with models of
subsidence and eustasy to predict the accommodation history,

sedimentary fill patterns and play element distribution in frontier
basins. This was genetic basin analysis being used as a framework
to understand petroleum systems in space and time. Interestingly,
even early on, the approach often addressed the entire Phanerozoic
as recognition of inheritance associated with basin evolution and
included more than just the region of interest as recognition of
the necessity to look broadly within genetically related tectonostra-
tigraphic provinces.

During the 1980s and 1990s, major advances were made in
petroleum systems analysis that, when linked with genetic basin
analysis, provided the foundation for modern approaches to under-
standing and predicting the time—space distribution of petroleum
systems. For example, Waples (1980) drawing from the earlier
work of Lopatin (1971) described the time—temperature behaviour
of conversion of kerogen into liquid hydrocarbon and showed how
this could be predicted from burial history. Welte & Yukler (1981)
described what they called the ‘3D deterministic dynamic model’,
which was essentially an early basin model that coupled descrip-
tions of maturation and fluid migration within a 3D cellular
model that evolved through time. Demiason & Huizinga (1994)
defined an approach to genetic classification of petroleum systems
based on consideration of charge, migration and trap character-
istics. Magoon & Dow (1994) outlined an approach for integrated
petroleum systems analysis, bringing clarity to the definition of
petroleum systems, their constituent elements and the importance
of understanding their temporal and spatial relationships.

Genetic basin analysis: overview

Now, genetic analysis embraces a full systems approach that
addresses the fundamental processes associated with how basins
form, fill and evolve (Fig. 1). This evolution includes both the
rock and fluid systems and the goal is to identify the simple patterns
that underlie fundamental relationships that in turn provide pre-
dictability. The process of genetic analysis causes one to move
from a collection of observations such as simply listing the ages
of play elements on a single chart to a systems-level understanding
of the dependencies, feedback loops and inherent non-linearity.
This increased ability to utilize complexity provides increased
insight and ability to be predictive.

In addition to these aspects, genetic basin analysis also provides a
framework for knowledge capture, which has been described as one
of the key challenges facing our industry today and over the decade.
The fundamental process relationships provide an architecture for
both understanding and predicting the behaviour of basins and
their associated petroleum systems. They also imply a structure
for knowledge organization that is reflected in the hierarchy from
tectonostratigraphic provinces, to terranes, to basins, to basin
phases, to second and higher order accommodation cycles. Data
and knowledge organized this way logically supports the notion
of an integrated Earth model, reinforces the lessons learned
through genetic analysis, and therefore transfers data, knowledge
and understanding (Loutit 1996).

All basins are unique yet the processes that control how basin
form, fill, deform and evolve fluids are common and predictable.
These processes are ordered in a natural hierarchy that ranges
from plate motion to pore and grain evolution. Plate interaction
and interplate events drive intraplate deformation. Intraplate
deformation creates both mountains and basins and provides a
large-scale control on accommodation history. Intraplate defor-
mation also controls the timing and style of some trap types and
orogenic fluid movement. Accommodation space for sediment
accumulation is modified by sea-level and climate process and
influences the depositional systems and stratal geometry as
expressed through local palaeogeography. Stratal geometry and
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Fig. 1. Genetic basin analysis is a full-systems approach based on the fundamental processes of how basins form, fill and evolve, including both rock
and fluid systems in order to make predictions about the distribution and character of global petroleum systems in space and time.

sediment distribution control the gross distribution and timing of
petroleum system elements such as source, reservoir and seal. Post-
depositional evolution associated with process such as burial, com-
paction, fluid expulsion and deformation can modify the previously
developed elements and control HC migration (Fig. 2).

This hierarchy of process provides the fundamental underpin-
ning of genetic analysis and is supported by an evolving suite of
concepts, methods and tools. These include software for modelling
plate motion, lithospheric deformation, subsidence, palacogeogra-
phy, sediment deposition, maturation, migration, fluid flow and dia-
genesis. These also include concepts and methods related to how
basement architecture can provide controls on subsequent defor-
mational behaviour, or how production, preservation and dilution
control the distribution of organic-rich sediment in space and
time. These also include analytical tools such as petroleum

geochemistry, fluid inclusion analysis, microscopy and rock mech-
anics experiments. The value of genetic basin analysis is enhanced
through advanced visualization and informatics technology and
though a commitment to knowledge capture and knowledge organ-
ization as described previously.

As a basin forms and fills it is influenced by a variety of Earth
processes and ‘inherits’ characteristics from all stages of its devel-
opment. These stages are commonly expressed as basin phases
that can be recognized or characterized by key attributes such as
plate position, subsidence mechanism/rate and basin geometry.
Even though all basins are unique due to the complex combination
of these inherited characteristics, the Earth processes are common
and therefore predictable. They possess characteristics that permit
recognition with incomplete local data because of their predic-
tability from global and regional patterns.
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Fig. 2. Hierarchy of processes associated with genetic basin analysis.
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Fig. 3. Genetic analysis summary chart.

The viability of petroleum systems is a result of the combinations
through time and space of these fundamental processes. A genetic
analysis summary chart as shown in Figure 3 is one tool for cap-
turing data and knowledge to assess and predict play element
distribution, quality and hydrocarbon potential. This chart is orga-
nized to reflect the hierarchy of processes represented through
fundamental controls such as plate tectonic environment, intraplate
deformation and palaeoclimate, then the derivative controls of
accommodation, stratigraphic architecture and depositional
environment, then the timing of known play elements and finally
the details of stratigraphy and hydrocarbon distribution. In this
view, the latter are treated as an audit of the predictions from
genetic analysis.

Building a summary chart in this way from left to right forces
the mindset of genetic analysis and involves investigation of inter-
actions between processes, feedback, non-linearity and emergent
behaviours. This is a fundamental difference between genetic
analysis and petroleum systems analysis as described by other
authors where the summary chart is a series of columns for play
elements against time (e.g. Magoon & Dow 1994) or the other
common approach that shows stratigraphy on the left, play
elements through the centre and tectonic events on the far right,
as an afterthought.

Taking the analogy with genetics a step further, the basin or pet-
roleum system genotype is expressed through the temporal convo-
lution of processes such as palaeolatitude v. time, tectonic setting
v. time, subsidence style v. time, palaeoclimate v. time, etc. The
phenotype, or the material expression of this genetic sequence, is
expressed through such attributes as play element distributions,
field size distributions, hydrocarbon type distributions and cream-
ing curves. For example, the Gippsland Basin offshore Australia
is a basin with relatively simple genetics, and the creaming curve
was nearly vertical in the late 1960s as the large structures with
good top seal were all drilled over a short period of time. The
main plays in the basin were tested and developed in a relatively
efficient manner with about 350 total wells for a cumulative
in-place volume of about seven billion oil equivalent barrels
(GOEB). This is in sharp contrast to the Gulf of Mexico, with a
creaming curve that climbed more or less steadily from 1950 to
2005, capturing about 60 GOEBs though about 50 000 cumulative
wells. This is a basin with a complex genetic history, including mul-
tiple basin phases, a complex distribution of stacked play elements
and salt tectonics. The continued exploration success in this basin
has been enabled by numerous technology advances in both the
geoscience and engineering domains.

Genetic basin analysis: global data and global plate
motion

Genetic analysis of global basins and petroleum systems is now
supported by a variety of global data sets some of which are
publicly available and some of which have been developed by
individual organizations. These include DEM/bathymetry, global
geology, global tectonics, age of ocean crust, crustal thickness,
total sediment fill and genetic analysis summary charts. The
global data sets also include volume data such as seismic tomogra-
phy (Van der Hilst et al. 1997). Advances in computer hardware
including graphics and visualization tools allow these types of
data to be manipulated and utilized for various kinds of analysis
and at a variety of scales from global plate reconstruction to local
basin geology.

Global plate motion models and associated palaeogeographic
reconstructions provide a useful framework for understanding
global petroleum systems in space and time. Global data sets can
be integrated with the global plate model to illustrate the distri-
bution of key petroleum system elements such as source, reservoir
and seal (Fig. 4). Global plate motion models provide the
foundation for a genetic framework that drives understanding and
prediction of intraplate deformation, palaeogeography, palaeo-
climate, basin history, play element distribution and quality. Plate
reconstructions have long provided base maps for palaeo-
geographic models, but genetic analysis also requires an under-
standing of plate motion. Plate events can represent relatively
instantaneous changes in plate motion or they can represent
longer intervals of time during which a new plate boundary is orga-
nized. Changes in plate velocity, direction and boundary conditions
correspond temporally and spatially with events of basin
subsidence.

It is important to utilize global plate models that are internally
consistent, but that also capture alternative scenarios. Given the
common uncertainties associated with data used to constrain
plate reconstructions (e.g. palaeomagnetic data, potential fields
data, biogeographic data, etc.), alternative scenarios are almost
always possible.

As an example of global genetic analysis, the Late Cretaceous
(Turonian) is a time of widespread organic rich rocks including
marine shales of the Cretaceous Interior Seaway in North
America, the Gulf of Mexico, the North American Arctic, South
America, West and South Africa, the Arabian Peninsula, Europe
and East Central Australia. By this time, Pangea had been largely
dismembered and most modern major ocean basins were growing
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Fig. 4. Global plate reconstruction in the Late Jurassic illustrating plate geometry and basin location providing a time—space framework for genetic

analysis of petroleum systems.

through seafloor spreading. Sea level was at its highest stand in the
Phanerozoic and global climate was in a greenhouse period with
very warm and equable conditions, including relatively low
equator-to-pole gradients. Broad flooded shelves support depo-
sition of reef building carbonates that become important reservoirs
and the lack of polar ice is expressed through relatively low
amplitude, high-frequency eustatic fluctuation. Palacoclimate
modelling predicts areas of significant marine upwelling and also
significant restriction in the northern South Atlantic, the North
American Interior Seaway, the North Atlantic, West Siberia and
associated areas of the Arctic. The ability to analyse global datasets
within a plate tectonic reference frame linked to other fundamental
controls like eustasy and climate is essential for genetic analysis of
petroleum systems in space and time.

Patterns emerge from this type of analysis that reflect fundamen-
tal controls on these elements and their interaction in space and
time resulting in petroleum systems. For example, at the largest
scales, there are clear relationships between global plate motion,
eustasy, climate, the evolution of plant forms and the distribution
of widespread source intervals. By the early 1990s, Klemme &
Ulmishek (1991) and others recognized large-scale patterns con-
trolling the distribution of key source rocks and parameters such
as eustasy, subsidence and climate by generating global source
rock distribution and type maps on plate reconstructions. Major
periods of widespread, marine source rocks are correlated with
first-, second- and third-order eustatic rises and periods of wide-
spread basin formation associated with global plate tectonics.
During these periods of widespread deposition, the organic charac-
teristics, thickness and distribution of source rocks are controlled
by regional palacogeographic factors including the degree of
oceanic circulation restriction, the evaporation—precipitation
balance in each basin, and the degree of dilution associated with
clastic influx in marginal marine settings.

Identification of these patterns that describe known petroleum
system elements is only the first step towards what really matters —
that is to utilize these patterns and fundamental relationships to
identify new opportunities.

Genetic basin analysis: example

As a brief example of genetic analysis at the regional to basin scale,
we will consider the Bighorn Basin in Wyoming. The Bighorn
Basin contains more than 8 km of preserved Phanerozoic sediments
that were deposited on Archaean crystalline basement of the
Wyoming Craton (Snoke 1993). In the Early Palaeozoic, the
basin is located in a proximal passive margin location in equatorial
latitudes. By the Late Palaeozoic, that margin had become much
more complex and was evolving into a convergent margin initially
associated with the collision of offshore arcs and also probably
influenced by the South America—North American collision to
the south. By the Jurassic—Cretaceous, the Bighorn Basin was
located in a proximal retroarc foreland setting with the arc to the
west above a dominantly east-dipping subduction system. This
foreland was disrupted during the Late Cretaceous—Early Cenozoic
Laramide Orogeny that has been linked to a variety of conver-
gent margin geometries or events with the currently favoured
being flat-slab subduction during increased convergence rates
(DeCelles 2004).

Plate events associated with the transition from passive to con-
vergent margin temporally coincided with two events of intraplate
deformation expressed as tectonic subsidence in the late Palaeo-
zoic. In conjunction with second-order eustatic trends, these intra-
plate events controlled the timing of accommodation events that
influenced the deposition of key reservoirs (carbonate and
clastic). Later, after the convergent margin became better orga-
nized, the Bighorn Basin area was part of a broad retroarc foreland
system that stretched from the Gulf of Mexico to Alaska. Tectonic
subsidence, associated with this basin phase in conjunction with
first- and second-order eustatic rises, resulted in deposition of
source, seal and reservoir elements during the Cretaceous.
Finally, the primary phase of rapid subsidence and sediment
accumulation during the Laramide Orogeny drove all local
source rocks into the oil generation window and produced the
local basement-involved compressional structures that represent
the major traps in the basin. The four main intervals identified by
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prediction from plate motion to intraplate deformation to
accommodation do, in fact, control much of the distribution
of hydrocarbons within the Bighorn Basin as well as the timing
of key events such as trap formation and local maturation.

Application of genetic analysis over decades on a global scale
reveals patterns of relationships as just described for the Bighorn
Basin. For example, genetic analysis of numerous basins that
include a foreland phase late in their evolution reveals that
stacked source intervals commonly include both widespread
pre-kinematic elements that are often oil-prone and somewhat
more restricted syn-kinematic elements that can be both oil- and
gas-prone. The foreland phase of subsidence and filling often
drives maturation of the pre-kinematic source. Migration often
includes both long-distance lateral migration and cross-stratal
migration associated with encroaching compressional deformation.
Such systems often include the potential for stratigraphic traps,
hotelling and remigration.

Technology

Although genetic analysis provides a framework for understanding
the distribution and nature of petroleum systems, that framework
itself is insufficient to address the challenges now facing the pet-
roleum industry. New technologies, including concepts, methods
and tools, are required to enable exploration in frontier settings,
to identify new opportunities in mature basins, to maximize
recovery from existing fields, and to unlock the potential of uncon-
ventional resources. Future success in all of these areas is funda-
mentally dependent on our ability to conceptualize new ideas.

Concepts
Extensional systems

New concepts for extension of the lithosphere provide new ideas
for the evolution of passive margins and the petroleum systems
associated with them, especially in hyper-extended regions of
outer continental margins. For many years, the pure shear model
for lithospheric extension was the dominant model used for inter-
preting subsidence and heat flow on passive margins (McKenzie
1978). This ‘classic’ view led to a model of uniform thinning of
the lithosphere from the hinge zone out to the continent—ocean
boundary. A variety of alternative models including those of
Wernicke (1985) and Lister et al. (1986) proposed that other
mechanisms such as simple shear associated with major detach-
ment faults and asymmetry may be important. Whereas these
were largely kinematic models, advances in dynamical modelling
that include realistic boundary conditions (e.g. strain rate), rheol-
ogy and behaviour (e.g. strain softening) provide insights into the
genetic processes that control architecture, subsidence and heat
flow in extensional systems.

Most recently Manatschal and others (e.g. Manatschal 2004;
Peron-Pinvidic et al. 2007) have proposed new models to describe
the mechanisms by which continental lithosphere is thinned during
formation of passive margins. These models have been driven by a
combination of field work in the Swiss Alps, ODP drilling off the
Iberian margin and geodynamic modelling. Removal of the entire
crust is explained by a model where deformation is partitioned in
the lithosphere and fault geometry changes as a function of the
rheological evolution of the extending material. Initial stretching
is accommodated by brittle deformation in the crust (e.g. North
Sea). Crustal thinning evolves through deep faulting below a mid-
crustal decoupling zone (e.g. Ivrea zone, Alps) and wholesale
removal of the crust occurs after strain is localized on through-
going detachment faults as sub-continental mantle rocks are
exhumed. The continent—ocean transition is being redefined on

the basis of these ideas and new observations from outcrop, drilling
and reflection and refraction seismic data. On the Iberian margin,
the zone of exhumation is >100 km wide and contains organized
magnetic anomalies apparently related to serpentenization during
extension rather than seafloor spreading (Sibuet et al. 2007).

The genetic implications of such models range from alternative
reconstruction of conjugate margins, to reinterpretation of syn-
rift and post-rift tectonostratigraphic assemblages, to alternative
models for heat flow. The recognition of syn-extensional sag
associated with preferential thinning of the lower crust without
brittle upper-crustal deformation is a critical observation. These
alternative models may result in new ideas about play element
distribution and quality and associated hydrocarbon systems.

Methods
Detrital zircon geochronology

In addition to new concepts, there are a variety of new methods
being developed that will impact our understanding of genetic con-
trols on petroleum systems. U—Pb ages from detrital zircons are
providing useful data for a variety of geoscience applications
including plate reconstructions, regional tectonic models, palaeo-
geography, palaeodrainage evolution and sandstone composition.
Although detrital zircon geochronology has been used for a
number of years, recent advances in analytical techniques have
improved the robustness and utility of this method. Modern labora-
tories utilize micromass isoprobe multicollector (ICP-MS) with a
laser ablation system to date individual zircon grains that can be
selected to represent all sizes and morphologies present in a
sample (Miller er al. 2006). Some laboratories can now process
more than 500 analyses per day, making it possible to efficiently
and cost-effectively produce robust characterizations of the
zircon age spectra for sediment samples.

Recent examples have demonstrated the value of this technique
for characterizing source terrains for sandstones (e.g. Gehrels et al.
2008a). These authors sampled a large number of sediments from
various terranes in the Tibetan region. Comparison of the zircon
age spectra from these sediments suggests that the commonly
accepted locations for major sutures separating terranes of different
affinity and palaeogeographic proximity may be suspect. These
new methods and the new data they produce can result in alternative
plate reconstructions which, in turn, yield alternative palacogeo-
graphies and potentially new models for play element distribution
and quality.

A collaborative effort between the University of Arizona, the
University of Kansas and ExxonMobil is developing a global data-
base for detrital zircon dates that will be accessible to the global
community to evaluate plate reconstructions and palaeogeography
(Gehrels et al. 2008b).

Tools

Representation of genetic analysis in Bayesian Belief
Networks

‘New’ tools are also impacting the genetic analysis of basins and
petroleum systems. ‘New’ is used in quotes, because the fundamen-
tal theorem for the tool referenced here was published by Bayes in
1763. Nevertheless, a new application of this old theorem was
recently published by Heins & Kairo (2007) as a model called
SandGEM for predicting sand character through integrated
genetic analysis. Although geoscientists have agreed on the funda-
mental processes that control sand generation for many years
(Sorby 1880), the work of Heins and Kairo provides the first
systematic approach to applying genetic analysis. To codify the
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relationships between genetic controls, they utilize a Bayesian
Belief Network (BBN). In this approach, the primary genetic
factors include tectonic setting and weathering processes, hinter-
land controls and erosion/transport processes, as well as basin con-
trols including depositional processes. The BBN provides a useful
technique for concatenating a web of conditional probabilities that
represents the genetic relationships in the system. Relatively
complex cause and effect relationships including single causes
with multiple effects or even contradictory effects can be
accommodated.

In SandGEM, as proposed by Heins & Kairo (2007), there are
seven input nodes representing climate and weathering potential,
climate flushing potential, regional topographic gradient, hinter-
land transport distance, basin subsidence rate, basin fluvial trans-
port distance and depositional facies. The three output nodes
include deposited sand composition, deposited grain size and
sorting, and deposited matrix abundance. The SandGEM model
has been calibrated in modern systems where the genetic factors
are well constrained. In a series of validation studies in modern
systems from South America and Australia, Heins & Kairo
(2007) conclude that the BBN approach accurately predicts sand
composition and texture across a range of different environments.
SandGEM is just one example of how genetic analysis can be
applied through probabilistic tools to understand and predict the
behaviour of complex systems.

Similar approaches are being developed and tested for a variety
of other petroleum system elements such as organic-rich rock.
Genetic analysis of the controls on distribution and quality of
source rocks has been an area of research for many years. Process-
based models are now able to incorporate factors that control pro-
duction such as in the case of marine upwelling, preservation such
as in areas of palaecogeographic restriction and dilution such as is
related to the inverse of clastic sediment supply (Bohacs & Heins
2007). As in the previous example for prediction of sandstone com-
position, BBNs are proving a useful approach for capturing
complex relationships and generating probabilistic predictions
about the likelihood of occurrence in time and space of
organic-rich sediments.

Forward modelling

A variety of new tools are emerging for forward modelling of
key genetic processes. These tools are enabled by advances in
computing and visualization as well as the creative investigation
of fundamental physics and geology.

For example, Miller et al. (2008) have reported on new
approaches to develop full physics depositional models based
on numerical description of fluid flow and sediment transport.
Because these models can be developed to utilize multi-processor
architecture, the time to run an interestingly large (space and
time) model is becoming reasonable. There is a range of potential
applications for such process-based models, from developing new
insights into stratigraphic processes, to extraction of patterns and
statistics for rule-based and geostatistical modelling, to full
physics simulation of the erosion and deposition of a reservoir.

Other applications of new forward modelling capabilities include
geodynamic modelling for improved understanding of lithospheric
scale processes (e.g. Huismans & Beaumont 2007), mechanical
modelling of crustal deformation in compressional settings, and
models that attempt to incorporate deformation, development of
topography through landscape evolution algorithms and sedimen-
tation all within a single integrated model that includes feedback
between the various processes (Braun & Yamato 2008). This is a
glimpse of a future that will eventually evolve full-physics
forward models of coupled Earth processes in order to simulate

and test the fundamental controls on how basins form, fill and
evolve — that is, genetic analysis.

Forward modelling is essential to calibrate and test process-
based understanding and it provides a quantitative methodology
to predict away from empirical data and evaluate alternatives.
However, forward modelling is not a ‘silver bullet’ and model
integrity is completely dependent on the validity of process descrip-
tion and the fidelity of input data.

Forward modelling provides an approach to predicting the
subsurface through simulation of Earth history. Such predictions
must be tested against and calibrated with our empirical under-
standing of the present state of the Earth through inversion of
geophysical and well bore detection technologies and data. The
return loop of test and learn is critical for the continuous evol-
ution of the models. Both sides of this methodology must feed
the integrated Earth Model that provides the common environ-
ment for the ‘simulate, predict, test, and learn’ process, for cap-
turing our knowledge, and for identifying new opportunities
(Fig. 5).

Opportunities

For a number of our organizations, offshore West Africa provides
an example of how both genetic analysis and technology have sup-
ported a very successful series of ventures. Various West African
basins including those offshore Angola, Nigeria and Equatorial
Guinea, enjoy robust petroleum systems resulting in a prolific
hydrocarbon province. The relatively rapid and efficient explora-
tion was driven by continuing genetic analysis and by technology
developments. Improvements in genetic understanding of deep
water depositional processes and associated reservoir styles were
key. Many intra- and extra-basinal variables and controls contribute
to the development of a particular reservoir architectural style.
Depositional styles observed in offshore West Africa include distri-
butary systems, weakly confined systems, confined systems and
bypass systems. The genetics of each of these styles influences
reservoir architecture and performance.

Prediction from genetic models was effectively coupled with
new technologies to image or detect the current subsurface state
in offshore West Africa. Improvements in seismic data quality
and DHI/AVO analysis played a significant role. For a robust
suite of prospects, economic success rate increased from
about 36% to over 60% for prospects with DHI support
(Rudolph 2008).

Another opportunity where genetic analysis and technology are
playing a key role is associated with unconventional resources,
including heavy oil, tight gas, shale gas, coal bed methane and
others. These types of resources are becoming increasingly impor-
tant contributors to the asset portfolios of many organizations.
Given experience with assets like Cold Lake heavy oil, we often
think of these unconventional resources as requiring a long start-
up time but also with a long asset life, heightened need for close
integration of subsurface characterization, exploitation technology
and commercial considerations and for their operational intensity.
Conversely, the emergence of the unconventional gas play in the
Barnett Shale has been dramatic, increasing from about 0.5
billion cubic feet per day (GCFPD) in 2002 to about 4.7 GCFPD
at the end of 2007. The evolution of the Barnett play has been
supported by improved genetic understanding of shale gas plays
(Pollastro et al. 2007) and the controls on rock mechanics and
gas distribution as well as a number of technology advancements
primarily related to well architecture and reservoir stimulation.

Even though many of the unconventional resources require a
different mindset when it comes to development and production
strategies, they are still conducive to genetic analysis. Key
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Fig. 5. Both forward and inverse models calibrated with appropriate data support the process of simulate, predict, test and learn that is fundamental

to genetic analysis.

questions about the fundamental controls on sweet spots are now
being studied with a genetic approach that spans plate-to-pore
scales.

Summary

Genetic analysis encourages us to embrace systems thinking
and complexity, to be aware that opportunities are often more
unique than similar and to be very careful when attempting to use
analogues. This is wise as the subsurface is almost always more
complex than we initially predict. A case from the Gulf of
Mexico illustrates this point. At the time of the development
funding decision for this particular case, a simple model was
based on a couple of exploration and delineation wells, poor
quality seismic and a depositional model. The result was the pre-
development cross-section with widespread ‘sheet’ sands and
only modest variability. The narrow range of scenarios carried at
this time did not include the potential for a highly channelized
reservoir. With additional wells and improved seismic, a revised
model now includes a highly channelized reservoir, with signi-
ficantly more complex connectivity architecture demonstrated
by well logs, higher resolution seismic, geochemistry and
engineering data. Failure to embrace the potential complexity
and failure to consider fundamental relationships, like the fact
that continuous sheet sands are uncommon in this setting, can
lead us down unfortunate paths.

As geoscientists, there is an easy way to reinforce the truism of
the discussion above, and that is to spend as much time as possible
observing the rocks. Getting on the rocks either in the field, in the
core laboratory, or in the CAVE to make observations, develop
interpretations and models and then test those models against the
next outcrop or the next structure or the next core is always an edu-
cational and often a humbling experience. The complexity is what
keeps it fascinating and discovering the patterns that underlie the
genetic relationships is what keeps it rewarding.
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