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Session 1: Tectonic Controls on Stratigraphy and Hydrocarbon Systems
Crustal Structure of the Eastern Mediterranean Basin Based on Integrated Geological
and Geophysical Study.
Mark Longacre1
1

MBL

ABSTRACT
This study, based on the integration of regional geology with gravity and magnetic modeling, has
determined the crustal type, structure, and depth to Moho for the Eastern Mediterranean Basin. Three (3)
gravity models have been generated showing the different crustal types associated with the rifted Levant
margin and oceanic crust. Further, there is strong evidence for translational / transpressional boundaries
between the extended continental and oceanic crusts. Mapping the crustal thickness, crustal type, crustal
boundaries, and depth to Moho is extremely important to understanding the tectonic evolution of the basin
and its impact on hydrocarbon generation.
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Figure 1. Spectral filtered residual gravity – high-pass 125km showing the significant difference between
the rifted Levant margin in the eastern portion of the offshore and the oceanic crust in the western portion
of the offshore. Onshore and offshore gravity based on processed and enhanced public domain data
(Sandwell,
et al., 2014; Pavlis, et al., 2012).
References:
Sandwell, D. T., R. D. Müller, W. H. F. Smith, E. Garcia, R. Francis, New global marine gravity model
from
CryoSat-2 and Jason-1 reveals buried tectonic structure, Science, Vol. 346, no. 6205, pp. 65-67, doi:
10.1126/science.1258213, 2014.
Pavlis, N. K., Simon A. Holmes, Steve C. Kenyon, John K. Factor; The development and evaluation of the
Earth
Gravitational Model 2008 (EGM2008) - Journal of Geophysical Research: Solid Earth (1978-2012)
Volume
117, Issue B4, April 2012
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Petroleum System: From Thermogenic to Biogenic Stories in Nile Delta, Egypt
Gihan El Bakry1, Tarek Afifi1, Dale Dailey1, Lawrence Gill1, Ahmed Fathy1, Mohamed Saleh1
1

Geosceintist BP Co

ABSTRACT
More than 60TCF of gas have been discovered in the east Mediterranean deep water (e.g. Aphrodite,
Leviathan, Tamar & Zohr fields). According to a 2010 USGS report, this region has 112 TCF of natural
gas and 1.4 bbls of recoverable oil. The Nile Delta and Levantine Oligo-Miocene basins are separated from
onshore and near-shore Mesozoic age carbonate platform by a major hinge line from the South and East,
while it is bounded from the North by the Subduction Zone.
During Early Oligocene, the Nile drainage system was established and delivered huge amounts of sediment
from the central African hinterland towards the Mediterranean. Oligo-Miocene clastic sequences were
capped by evaporites that were deposited during the Messinian Salinity Crisis. In the Nile Delta area, the
shallow and onshore areas were subject to subaerial exposure, erosion and deposition of clastic sequences
via active fluvial systems of the Abu Madi Fm. Deposition of the Plio/Pleistocene delta was followed the
early Pliocene flooding event and comprises several major discoveries in paralic reservoirs at the END and
slope turbidites toward the WND.
As these discoveries have mixed biogenic and thermogenic gases, understanding the basin petroleum
system in terms of source presence, maturation and charge is vital to unleash its remaining thermogenic
and biogenic potential. Though integrating the understanding of the reservoir systems and quality, and
structure growth timing plays an important role in the basin petroleum system story.
The current petroleum system understanding demonstrates the key differences and similarities between the
different elements required for thermogenic and biogenic accumulations, and the crucial controlling factors
(e.g. onset of generation, structure timing).
The main similar elements, which are source rock distribution and facies, fetch area size, trap timing and
growth through time, and reservoir facies are needed to explain the thermogenic and biogenic
accumulations.
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The thermogenic accumulations are geographically discrete and thus can be termed as discontinuous
accumulations; hydrocarbon distribution is complex and controlled by multiple factors. It has its unique
source rock potentiality and capability to generate oil vs. gas, thermal stress maturation, charge focus and
access in the relationship between the onset of generation and trap timing. Also affected by primary and
secondary migration, the secondary can be for long distances and is driven by buoyant force.
Biogenic accumulations could be big and controlled by temperature through time or biogenic window
(20°-60°C), in relation to structure timing and growth through time. Migration is predominantly primary
over short distances, while secondary migration is driven principally by buoyant forces.
ACKNOWLEDGEMENT: Special thanks go to BP Egypt Exploration teams.
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Unravelling the Tectono-Stratigraphy of the Eratosthenes High
S. Van Simaeys1, E. Garnier1, A. Janszen1, M. Sullivan1, I. Fabuel-Perez1, E. De Man1, Y. Spisto1
1ExxonMobil

ABSTRACT
The Eastern Mediterranean is a long established hydrocarbon province, with numerous gas fields and
discoveries, particularly in Egypt’s Nile Delta Basin. In more recent years, this region has witnessed
discoveries in increasingly deeper water with substantial biogenic gas fields in Oligo-Miocene clastics
offshore Israel (i.e. Tamar and Leviathan) and in Cretaceous shallow-water carbonates offshore Egypt
(Zohr). Despite these discoveries, certain areas in the Eastern Mediterranean remain under-explored,
leading to a growing interest from international energy companies.
This paper presents ExxonMobil’s tectono-stratigraphic understanding of the Eratosthenes Continental
Block (ECB) in the Eastern Mediterranean. The differential tilt and changing depocentres of the
Eratosthenes Continental Block through time reflects a complex tectono-stratigraphic history driven by
eustasy and large far-field tectonic forces (Figure 1). Understanding these processes will help make better
predictions regarding the deposition of reservoirs, source rocks and seals, which may in turn, help unlock
the remaining under-explored potential in the Eastern Mediterranean.

Figure 1. Top carbonate map (in time domain) of the Eratosthenes Continental Block and schematic cross
section.
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Structural Style in the Levant Basin: Implication on Hydrocarbon Trapping
Mechanism
Ramadan Ghalayini1, Fadi Nader2, Wissam Chbat3
1

Agenor Energy, Stockholm, Sweden
IFP Energies nouvelles, Rueil-Malmaison, France
3
Lebanese Petroleum Administration, Beirut, Lebanon
2

ABSTRACT
The Levant Basin offshore Lebanon contains a series of anticlines, forming classical 4-way dip closed
structural traps, and thus possessing an economic value. The main challenge in these anticlines, however, is
associated with imaging in seismic data which – even if of high quality – prohibits to clearly observe their
internal geometries, understand their tectonic evolution, and assess the mechanical-stratigraphic controls
over trap formation. In addition, such data does not allow alone to identify and derisk the reservoir
intervals. This leads to an inadequate judgment over the anticlines’ trapping potential and may result in
improperly chosen well location during exploratory drilling.
An integrated structural workflow has been used to assess the geological evolution of anticlines in block 4
in order to better understand their structural style, evaluate trap integrity and analyze the
mechanical/stratigraphic relationship. First, restoration has been performed in order to validate seismic
interpretation, reconstruct internal geometries and accurately determine the evolution of the structures
through time. Second, forward structural modelling gave insight in terms of the nature of the anticlines and
confirmed the restoration results. Third, the models have been compared with nearby, similar structures
onshore Lebanon in order to create analogues that can be further studied with more detail and ease. Fourth,
the reconstructed structures have been correlated with play fairway and reservoir distribution maps, which
further decreased the reservoir presence risk and allowed to highlight potential sweet spots.
The proposed workflow proves that robust structural interpretation and modelling could be a quick and
efficient way to derisk traps and assess their integrity. This workflow has been applied to all the prospects
offshore Lebanon and yielded accurate trap geometries and a detailed understanding their hydrocarbon
potential. It can be applied to any other structural trap in which there are difficulties in mapping internal
architecture elsewhere in typical frontier hydrocarbon provinces.

8

The Late Miocene River Systems of the Eastern Mediterranean: Messinian Salinity
Crisis, Sediment Input and Active Tectonics at a Plate Convergence Area
C. Bertoni1*, A. Madof2, J. Lofi3, R. Walker1, C. Kirkham1, J. Cartwright1, K. Rodriguez4, N.
Hodgson4
1

EMERG, University of Oxford, UK;
Chevron Energy Technology Company, Houston, US
3
Université de Montpellier, France
4
Spectrum Geo Ltd, Woking, UK
* Corresponding author: claudia.bertoni@earth.ox.ac.uk
2

ABSTRACT
This work shows an example of how syn-depositional active deformation changed sediment supply into the
Levant-Nile area during the late Miocene. The tectonics of the Eastern Mediterranean involve subduction
and widespread crustal-scale faulting and folding, and interact with three large river systems that
dominated sediment supply at that time: Nile, Nahr Menashe and Eo-Sahabi. The Nahr Menashe had a vast
extent into the deep Levant basin and was comparable in size to the Nile system, its catchment being
located in the north/eastern hinterlands. This river system provided a source of terrestrially derived clastic
sediments into the deep Levant basin, in addition to the Nile River and coeval to the Abu Madi Fm.
We define the step-by-step evolution of the Nahr-Menashe fluvio-deltaic system from the end of Messinian
salt deposition to the early Pliocene Mediterranean reflooding. The extensive seismic coverage allows an
in-depth interpretation of facies and interaction with tectonic structures. In the northern Levant basin the
river is entrenched over the active Latakia Ridge, where there is no Messinian salt. Tectonic structures are
bypassed where basins are filled in by salt and flattened by the top MSC erosional surface. In the central
Levant basin, the westward deflection of Nahr Menashe is caused by the topographic gradient on top salt.
A backstepping transgressive final pattern is common to all three major rivers.
The top-salt Nahr Menashe developed within a relatively short time window (5.55-5.33 My) and therefore
it can be used as a time-marker, and as a tool to understand the relative timing of anticline development
and thrust faulting in the area. Only the Nile survived the late Miocene Crisis; the Nahr Menashe starved
due to plate-margin deformation and reconfiguration of its catchment. This changed the nature of sediment
supply and potential clastic reservoirs in the Eastern Mediterranean since the early Pliocene.
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Session 2: Advances in Seismic Datasets – Acquisition, Imaging and Interpretation
New Insights into Egypt's Mediterranean Sea: An Exploration Opportunity
Matthew Pyett1
1

PGS Senior Geoscientist

ABSTRACT
Despite lying in the neighbourhood of one of the most prolific petroleum provinces of Africa, Egypt’s
West
Mediterranean Sea has seen exploration efforts limited by a lack of data and clarity of license block
delineation. Recently acquired 12km long offset GeoStreamer® seismic data (2016), together with
anticipated licence round activities has suddenly thrust this area to the forefront of oil companies
exploration plans in 2019.
To compliment future exploration an additional 12km long offset GeoStreamer® seismic survey was
acquired in 2018, thus increasing the seismic database across the region. Gravity and magnetic data was
also acquired simultaneously during the 2016 and 2018 GeoStreamer® seismic campaigns.
This dataset has given new insights into the regional geology and the associated hydrocarbon potential
across the different geological domains throughout Egypt’s Mediterranean Sea. In addition two separate
3D surveys have been reprocessed (2018), significant uplift is observed. This has provided additional detail
and insights across the shelf and basinal geological domains within the frontier West Mediterranean Sea.
In total, close to 30,000 line km of 2D GeoStreamer® data has been acquired across two acquisition
campaigns (2016 & 2018), just over 10,000 line km of vintage 2D and 6,000 sq.km of vintage 3D data has
been reprocessed (2016 & 2018 respectively) across Egypt’s Mediterranean Sea.
Previous seismic interpretation and basin modelling has indicated that several source rocks could have
generated and expelled hydrocarbons (notably Oligo-Miocene biogenic gas and Early Cretaceous-Eocene
source rocks). Anticipated reservoir intervals include Pliocene, Oligo-Miocene, Cretaceous and Jurassic
aged units. Reservoirs intervals are assumed to be clastic formations across the shelf, basin and Nile Delta
(pre & post salt) and Mesozoic aged platform carbonates across the shelf and younger, potentially salt
sealing carbonate build up structures towards the shelf edge/transform margin.
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This data will be vital when for all interested companies that wish to evaluate the area during the upcoming
West Egypt Licensing Round. It will provide valuable insights and ultimately help with the regional
geological understanding and the prospectivity that may exist across this underexplored region.
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Using Regional 2D Seismic Data to Redefine the Exploration Play Potential of the
Offshore Sirt Basin and Cyrenaica Margin, Libya
Lisa Fullarton1, Verity Agar1, Elisabeth C. A. C. Gillbard1, Ken G. McDermott1, Paul Bellingham1
1

ION, UK

ABSTRACT
Exploration in the offshore Sirt Basin in Libya has been limited and to date commercially unsuccessful.
Previous exploration efforts have also been hampered by poor seismic data quality and limited well
constraints on the highly complex geological history. However, recent wells have proven working
petroleum systems in the offshore area, but the extent, character and full potential of these systems remains
poorly understood. Meanwhile, the onshore Sirt Basin has yielded some of the world’s largest petroleum
discoveries, with estimated oil reserves of 123 billion barrels. In this study we draw analogues between the
successful onshore area and the underexplored offshore area by analyzing a new regional seismic data set
to highlight the future potential. We place the offshore Sirt Basin and adjacent Cyrenaica Margin into a
regional context to understand the relationship with the onshore basins
Here, over 45,000 km of recently acquired and depth processed deep regional seismic data and newly
reimaged legacy 2D seismic data has been interpreted and integrated with offshore well data in a megaregional basin study. We present a well constrained crustal-scale structural and tectonic model placed
within the regional context of the tectonically complex central Mediterranean. For the first time, deep
imaging of the pre- and early rift basin is interpreted within a structural context to pull together the full
tectonostratigraphic history of the offshore Sirt Basin and Cyrenaica Margin, from the Hercynian Orogeny
to Mesozoic extension and Cenozoic inversion.
The regional stratigraphy from the Palaeozoic to present, has been interpreted in the context of assessing
the petroleum potential of the basin. It is demonstrated that the offshore basin represents the geological
continuation of the prolific onshore Sirt Basin and that this whole system was likely restricted and not open
to Tethys during deposition of the key Sirt shale source interval. Using onshore analogues, results from
offshore wells and this newly interpreted data there is now an enhanced understanding of the potential
potential in the offshore area. A better understanding of the distribution of reservoir facies in the
Cretaceous and Tertiary systems, the presence and maturation of source rock and the location of many
undrilled features are presented to demonstrate that the offshore Sirt Basin and Cyrenaica Margin contains
significant untested exploration potential.
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Avo Analysis for Pre-Messinian Exploration Targets; A New Approach to Identify GasBearing Sandstone Reservoirs
Islam A. Mohamed1, Mostafa Monir2
1

Rashpetco
Shell Egypt

2

ABSTRACT
During the last few decades, the Nile Delta basin proved its potential as a world class gas provinces. The
last few years witnessed a number of multi-trillion cubic feet (TCF) gas discoveries in the deepwater. In
the West Delta Deep Marine (WDDM) concession, most of the discoveries were made in Pliocene deepmarine turbidite reservoirs. Only two dry wells were drilled deeper into pre-Messinian targets (Oligocene–
Miocene). Although the pre-Messinian play had higher gas volumes, the risks were higher and was
therefore considered less attractive than shallower plays.
Recent discoveries in the Oligo–Miocene sequences, coupled with the advanced use of 3D seismic
attributes, AVO analysis, and prestack inversion, encouraged us to reconsider the prospectivity of the preMessinian section. To mature the current leads and/or define new ones, many seismic attributes can be
used to detect the reservoirs successfully. However, the differentiation between gas sand and brine sand is
still the main challenge.
In terms of AVO response, both gas and brine sands follow class I, and in extreme cases, gas sand will
follow class IIp. The ability of Intercept-Gradient to distinguish gas sands, brine sands, and background
rock, is dependent on a number of interacting factors such as effective porosity, fluid fill, Vsh, and cap
rock elastic properties. Thus, the AVO classification is not the optimum solution to delineate the deep gas
sand reservoirs.
In this paper, we’ve invented a new approach; starting from stochastically modeling the different
possibilities of the gas and brine sands in the Intercept/Gradient domain. Then, the Intercept and Gradient
were rotated and projected in an Extended Elastic Reflectivity (EER) form at a certain angle to represent a
fluid stack volume. This fluid projection provides the best separation between the two partially-overlapped
clouds; gas sands and brine sands. To maximize the benefit of this volume and to consider the uncertainty
of the input data, cumulative distribution functions have been designed for the gas and brine sand
probabilities. The probability volumes were tested at a dry well location and tie perfectly the well results.
The gas sand probability volume was then used for deep targets detection and showed promising new
leads.
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Building the Messinian Salt Layer in the East Mediterranean Basins
A. El-Bassiony1, T. Martin2, M. Bell2
1

PGS, Public Free Zone, Cairo, Egypt
PGS, Surrey, Weybridge, United Kingdom.

2

ABSTRACT
The main challenge in imaging the pre-Messinian section in the East Mediterranean is the Messinian salt
section. The distribution of salt in the two major basins; the Herodotus and the Levant, is interrupted
primarily by detrital deposits from the Nile Delta. At the basin margins the salt body geometry changes
from a horizontal bedding in a compressive regime, to a more diapiric system closer to the cone of the Nile
Delta. Away from the diapiric region, in both the Levant and Herodotus basins, the salt layer shows
complex intra-salt reflectivity. Despite this complexity, a constant salt velocity layer flattens the structure
of the base of salt (BOS) in areas at the Levant basin. While in regions offshore Cyprus, where the BOS
shows clear salt velocity variations, a variable salt velocity was imbedded. Well logs showed that the intrasalt reflectivity takes the form of thin clay beds with much lower velocities than salt. We approached the
variable salt velocity modeling by comparing the variation of the gather flatness at BOS (gamma field)
with the RMS amplitude map extracted in the salt section. This showed that the salt has a lower average
velocity where there was significant intra-salt reflectivity. The salt layer was split into clean and dirty
regions, where the clean salt velocity that flattened the gathers was 4350 m/s, and the dirty salt velocities
varied depending on the salt thickness. This yielded a velocity model that both flattened the base-salt
reflector and improved the flatness of the intra-salt events. In offshore west Egypt, the salt layer is
completely intruded by an inflow of the Miocene turbidites lying just below the salt layer. The modeling of
this complex intercalated shales/salt is required but considered to be a challenging task for the interpreter.
The effect of inserting those complex shale flow inside the salt layer has restored the structure integrity of
the pre-Messinian as well as the amplitude information. The seismic interval velocities are compared
across the different salt layers in both major basins as well as a detailed deeper carbonate velocity study at
the Eratosthenes Sea Mount. This work shows the salt layer model building strategies for three locations
across the Eastern Mediterranean, including offshore Egypt, Cyprus and Lebanon and summarizes the
velocity distributions in the Messinian and the pre-Messinian sections.
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Seismic Challenges in the East-Med: Edison’s Experience and Lessons Learned
Bruno Garcea1, Pierluigi Iacone 1
1

Edison E&P SpA, Egypt branch

ABSTRACT
Since 2013, Edison E&P has operated acreages in excess of 10000 km2 which cover two prolific
petroleum provinces of the East Med; the Nile Delta cone and the Levantine basin (Fig.1). Significant
investments in seismic activities have been made in order to accurately assess the exploration potential of
the acreage. The legacy seismic coverage included only a few 2D lines and some vintage 3D. Currently,
the area is fully covered by 3D seismic as a result of Edison’s seismic activities, including the
Acquisition/Processing of more than 6000km2 of new 3D broadband seismic and the reprocessing of
around 4000km2 of 3D.
The main exploration targets identified are the Mio-Oligocene clastic sequence, extension of Levantine
basin floor fan plays, the typical Nile delta slope channel plays, and the recently-recognized Cretaceous
isolated carbonate plays lying at 4km to 6 km depth.
Two main geophysical challenges characterized Edison’s area: the presence of a thick (1-2km) structured
Pliocene Nile delta anisotropic sequence and a thick (0.5 to 2 km) salt sequence of Messinian age with the
presence of steeping diapirs and salt walls. Seismic wave propagation is strongly affected by such a
complex geological environment overlying the target intervals. Such behaviors become less prominent
westward towards the rest of the Levantine basin (Fig.2). The lack of well control on the acreage presented
an additional obstacle to the proper addressing of velocity trends and to the prediction of seismic response
at the target depth.
The seismic acquisitions have been designed to obtain the broadest possible frequency range and a proper
illumination of the targets. Two different contractors have been involved. Different streamer configurations
have been selected to achieve the goals, especially to reduce the ghost-notch impact and to enhance the low
frequency response.
During the various processing/reprocessing projects, different workflows and techniques have been applied
producing some key lessons learned. In the time pre-processing, a proper sequence of
deghosting/demultiple has been setup. Strong efforts were also made to understand and remove a PSP
mode-converted wave present immediately below the base salt.
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A key element addressed during the imaging phase has been the assessment of Pliocene anisotropy,
incorporated during tomographic velocity updates to correctly determine and define the Top & base salt.
Accuracy on salt and post-salt velocity estimation had an important impact for the target zone imaging.
Kirchhoff migration was used as basic flow while RTM was used in the zone with high salt movement.
FWI has been tested but not run due to timing constraints: it will be considered in the post-drilling phase as
soon as some additional knowledge is obtained from the well data.
Challenges and lessons learned during the acquisition and processing phases have been incorporated in the
seismic quantitative interpretation phase due to the strong impact on visibility/detectably of reservoir,
reliability of DHI/AVO results and strength of structural trap.

Fig. 1 Edison's operated blocks in the last 6 years
(NPFO recent released NEHO recent change in Oper.)

Fig. 2 Example of seismic section of Edison’s area, showing interaction of
Nile delta on left and the Levantine basin on right
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Salt-Related Converted-Wave Identification and Attenuation - Offshore Egypt,
Mediterranean Sea
Refaat Zaki1, Satyendra Rana1, Ivica Mihaljevic2, Mohamed Hegazy2, Olga Zdraveva2
1

Danagas
Schlumberger

2

ABSTRACT
Abrupt and large changes in the earth properties (velocities) can cause conversion of the compressional
waves to converted mode energy. Such converted waves could be recorded on the towed streamer seismic
data. If they are not identified and removed early, they can mislead the interpretation. In this paper, we are
showing the successful application of the converted wave attenuation (CWA) workflow on the seismic data
from the Mediterranean Sea, Offshore Egypt. Data is acquired with the latest broadband technique and
went through several iterations of velocity model building. The presence of the strong converted waves has
threatened to undermine velocity model building and interpretation efforts. The benefit of the presented
workflow is that it identifies and models the converted energy pre-stack pre-migration, however the
subtraction is done pre-stack post-migration. Post-imaging subtraction gives improved flexibility in signal
protection and improvements in the S/N ratio, especially in the areas where the separation of the converted
mode and compressional energy is small. The presented workflow is universally applicable to any areas
where the converted modes occur.
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Session 3: Exploration Models – Successes and New Concepts
Integrated Stratigraphic, Thermal/Burial and Uncertainty Modeling of the Levant
Basin (East-Mediterranean Region)
Fadi H. Nader1, Mathieu Ducros2, Nicolas Hawie3, Samer Bou Daher4, Jessica Barabasch5, Ralf
Littke5
1

IFP Energies nouvelles, Rueil-Malmaison, France
C6+, Consulting and R&D, Brazil
3
Beicip-Franlab, Rueil-Malmaison, France
4
University of Copenhagen, Geosciences & Natural Resource Management, Denmark
5
RWTH Aachen University, Energy & Mineral Resources Group (EMR), Germany
2

ABSTRACT
An integrated workflow for modeling sedimentary basins including source to sink stratigraphic forward
simulations, thermal and burial evolutions and uncertainty analyses, has been designed and applied on the
frontier Levant Basin in the East-Mediterranean region (model covering around 200,000 sq. km, with
horizontal cells grid resolution of 5 sq. km and less than 50m thick). The objective of this workflow is to
produce reasonable multi-scenario simulations and probabilistic information that can help make sound
decisions for less risky hydrocarbon exploration.
A variety of numerical tools on a unique software platform (as well as concept-thinking) were fundamental
for reaching the set objective. The following steps were achieved: i) characterization and integration of
geological, geophysical and geochemical data (leading to conceptual models); ii) sedimentary facies
modeling (with stratigraphic forward numerical engines); iii) structural characterization and modeling
(deformation, inversion and faults); iv) burial/thermal and petroleum systems modeling; and v) uncertainty
analysis and modeling (risk management).
Stratigraphic forward modeling allowed the assessment of multi-scenario GDE maps across the basin and
the examination of the associated parameters. Sediment tracking provide a better investigation of reservoir
play fairways (from input source to sink). Such facies distribution models (reservoirs, source rocks, seals)
played a crucial role for evaluating the potential petroleum systems (maturation, expulsion and trapping of
hydrocarbon) through integrated thermal/burial and uncertainty modeling. Risk management was achieved
18

by generating probability maps for the principal Mesozic and Cenozoic play fairways, potential source
rocks, and critical elements of petroleum systems of the Levant Basin. The proposed workflow and
numerical solutions can be applied on other similar frontier hydrocarbon provinces that are also
characterized by a general lack of substantial data.
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The Importance of Multi-Scale Petroleum System Assessment for Plays and Prospects
De-Risking in the Eastern Mediterranean Basin
G. Pérez-Drago1, N. Mouchot1, M. Dubille1, L. Montadert1, D. di Biase2, P. Iacone2, M. Mazzarelli 2,
M. Hosni2, A. Thebault1
1

Beicip-Franlab. 232 Avenue Napoléon Bonaparte, 92500 Rueil-Malmaison, France
Edison E&P. Egypt Branch, block # 17, 5th Settlement, 11835, New Cairo, Egypt

2

ABSTRACT
Identifying the potential geological risks before drilling leads and prospects is a common practice for E&P
operator companies. Traps and reservoir quality often receive the main attention during risk assessment.
However, in the Eastern Mediterranean the biogenic gas sources generation, the synchrony between trap
formation and hydrocarbon charge, and more important, the hydrocarbon preservation related to the largescale hydrodynamics of the basin, are less analyzed or understood.
A key element in the Eastern Mediterranean mega basin is the assessment of the biogenic gas potential,
both in term of generation but also of preservation in the geological system. The effectiveness of biogenic
gas systems is mainly controlled by the past thermal gradients and sedimentation rates. Contrarily to
conventional source rocks, significant rock volumes with low organic matter content are likely involved in
the biogenic gas generation process. In the deepest parts of the basin, Tertiary biogenic gas source rocks
are now undergoing catagenesis.
Another key element is the fluid flow history from the core of the Eastern Mediterranean basin toward its
margins (including Eratosthenes Sea Mount). The hydrodynamics is first induced by high sedimentation
rates and sediments compaction within the Nile Delta and the Levant Basin during the Oligo-Miocene and
Plio-Pleistocene. During the Messinian Crisis short term 1400m sea level drop followed by massive
impervious evaporite deposition plays a very important role in the evolution of fluid flow orientation,
pressure gradients and hydrocarbon migration and dis-migration. The fluid flow is also controlled by the
presence of a relatively well-connected pressure unit in Oligo-Miocene sands throughout the Levant Basin.
Active hydrodynamism and buoyancy of biogenic gas are the main factors controlling the hydrocarbon
migration mechanisms. A lateral long distance up-dip fill-and-spill migration is observed.
Therefore, a more complete understanding of the petroleum system behavior is achieved by recognizing
the origin of the geochemical and physical phenomena occurring in the subsurface, in a regional or semi20

regional basin scale. It will allow to recognize the hydrocarbon generation and the pore pressure and fluid
flow regime patterns, which are not caught at limited prospect scale. Basin modeling techniques offer the
possibility to estimate the heating rates of sedimentary basins, the timing and quantities of generation of
biogenic or thermogenic hydrocarbons and, finally the pore pressure-effective stress regimes responsible,
in part, for the hydrocarbon migration and effective charge.
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Modelling Biogenic Gas Generation and Migration – Application on the Levantine
Basin
N. Maurand1, A. Pujol1, A. Ravin1, S. Wolf1, M. Dubille2, P.-Y. Filleaudeau2, B. Lebreuilly2
1
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ABSTRACT
Methanogenic biodegradation of Sedimentary Organic Matter (SOM) has recently focused the interests of
the O&G industry following the growing demand on natural gas and the discovery of giant biogenic
methane accumulations (Levant, Tamar field, …).
In order to model biogenic gas generation and migration, new functionalities have been developed by IFP
Energies nouvelles within basin simulator TemisFlow™. First, the total labile organic matter was split into
three distinct fractions: a first fraction that micro-organisms can directly metabolize and controlled by a
degradation rate which is a function of microbial activity, a second fraction (labilizable) for which a
previous thermal transformation, controlled by an Arrhenius equation, is necessary, and a third fraction,
refractory. Consequently, temperature has a strong impact on biogenic methane generation since it controls
both the bacterial activity and the transformation rate from labilisable to labile organic matter. The methane
produced in the model is allowed to be distributed in three states: 1) adsorbed onto SOM, 2) dissolved in
formation brine and 3) as a free gas phase. The methane is transported in the model by the effects of burial
and compaction, whereby the production and distribution of biogenic methane is fully coupled with
dissolution and advection mechanisms, and is then allowed to migrate as a dissolved compound in water
but also as a free gas phase.
Since the model parameters have been determined at low scale, an upscaling work is essential to use this
model at basin scale. The effects of the different generation laws are submitted to a sensitivity analysis.
Recommended values are defined based on natural 1D cases corresponding to the geological history of
LEG175 (Benguela upwelling, offshore Namibia). Finally, the model of biogenic gas production and
migration implemented has been used on a 2D section of the Levantine basin showing the distribution of
adsorbed, dissolved and free gas along the geological history. A particular focus is made on the effect of
the messinian crisis on the evolution of the gas distribution.
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ABSTRACT
Leviathan Gas Field was discovered in late 2010, the largest in a string of exploration successes for Noble
and its partners in the region. Early appraisal work at Leviathan included two fully evaluated appraisal
wells at a spacing of approximately 10 kilometers, and a production test in the discovery well. 3-D seismic
interpretation, and the data gathered during drilling of these wells proved the broad extent and high quality
of the reservoir units and a consistent gas-water contact throughout. During more recent drilling
campaigns, the partnership finalized appraisal of the reservoir with two more wells and completed the
initial Leviathan production wells. Production test data from all wells indicates very high potential flow
rates from the reservoir sand section.
3-D seismic mapping indicates an extent of approximately 325 square kilometers at the top Lower Miocene
reservoir level. Leviathan is a structural trap with approximately 300 meters of closure at its crest.
Extensive sets of whole core and sidewall core were taken during the appraisal stage at Leviathan. These
rock samples along with comprehensive suites of wireline data indicate extensive, very high-quality
reservoir rock across the field. The reservoir interval at Leviathan consists of four sand units with relatively
thin intervening shales. Deposition of these clastics occurred in basin floor to lower slope turbidite settings
during Early Miocene time. These “Tamar Sands” are named from a nearby field, where earlier wells
discovered and helped delineated the sands. Reservoir pressure data from wireline and production testing
shows very good connectedness of the sand prior to production. A set of relatively minor faults within the
field area apparently serves to connect the sands across the shale intervals. This has resulted in excellent
alignment of pressure data along single gas and water gradient lines.
The Field Development Plan for Leviathan was approved in 2016. An integral early part of the Plan has
been an optimized drilling program featuring wells that are drilled and evaluated for full appraisal then
sidetracked for completion and production with open hole gravel packs. The development plan, notionally,
includes completion of high-rate, long-life gas production wells. Learnings from early production in the
field and from nearby analogs will be used to high-grade the actual development program beyond the
initial phase.
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From initial discovery, the partnership was confident of the technical viability of a development at
Leviathan. Appraisal drilling and the four initial well completions were finished during 2018 and
production of first Leviathan gas is on schedule to commence near year-end 2019.
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R. Jonk1, M. Graham1, G. Gaillot1, M. Perillo1, T. Demko2, J. Fedele2, D. Hoyal2
1

ExxonMobil Upstream Business Development
ExxonMobil Upstream Integrated Solutions

2

ABSTRACT
Topographic gradients exert a primary control on deposition, erosion and bypass of sediment gravity flows.
This fundamental control translates into predictable stratigraphic architectures and distribution of sediment
properties, not only at the bed-scale, but at the scale of entire deep-water fans. High gradient systems (such
as the modern Golo fan shown in this study) tend to develop short bypass channels and deposit large
volumes of sand in aggrading and back-stepping lobes, while mud deposits are common in distal fringes.
Low gradient systems (such as the modern Zaire fan shown in this study) concentrate sand in robustly
developed leveed feeder channels, and tsmaller distributary channels. Mud is concentrated in levees and
advancing lobes have high concentrations of slurry deposits with diminished Net-to-Gross and reservoir
quality. This fundamental control of depositional gradient on depositional style governs the distribution of
sand versus mud in different parts of the system, the sorting of the sediment and ultimately the static and
dynamic connectivity of stacked reservoirs. Typically, during early stages of basin evolution, systems start
off as high-gradient but tend to heal topography and evolve into lower-gradient systems. As such, it is
crucial to understand the paleo-bathymetry during deposition and at all stages of the system evolution. In
the case of the offshore deepwater Nile Delta fan, this motif of an evolving depositional system is
complicated by active tectonics associated with inversion events during deposition, the Messinian salinity
crisis and significant slope failure and salt movement. Here we demonstrate the strong coupling between
depositional response and gradients through examples of different styles of reservoir architecture in the
context of the paleo-bathmetric setting of discrete Oligocene through Pliocene reservoir intervals in the
outboard area of the Nile Delta deepwater fan.
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ABSTRACT
The tectono-stratigraphy of the Nile Delta Basin has had an active history since Jurassic rifting through the
Mesozoic and Cenozoic. During several periods of that history there were turbidite sequences that
constitute major fairways for the accumulation of hydrocarbon.
At the foundation of BP Exploration’s common process for building the regional framework and play
fairway analysis, is the construction of Gross Depositional Environment (GDE) maps. These maps are
generated for reservoir, seal and source rock distribution and are used to focus exploration activity in the
sweet spots in the basin. One of the primary GDE Levels that was part of the regional framework on the
East Mediterranean is the present day GDE. The primary features that could be interpreted on that fairway
reflect some processes that help in the understanding of the turbidite systems in the Tertiary stratigraphy.
The present-day depositional facies in the Nile Delta exhibit a dramatic variety of carbonate, evaporite and
clastic facies which may provide insights into deposition within the Tertiary stratigraphy.
Mapping of the sea bed in the vicinity of the Rosetta Canyon may reflect elements of the turbidite channel
systems within the Oligocene to Pliocene stratigraphy. The changes in the depositional elements and
morphology of the canyon is highly influenced by the changes in slope gradient and the basin/slope
boundary.
The interpretation of the present day GDE, together with sea bed features (canyons, faults and mud/gas
volcanos), are providing some guidelines to the understanding of the tectonic history and changes in
depositional environments in some of the Tertiary reservoirs distributed in the Nile Delta Basin.
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ABSTRACT
The West Delta Deep Marine (WDDM) concession, offshore Nile Delta, has seen extensive and
prolific exploration and development projects starting in the mid–1990’s and continues today. It
contributes to Egypt’s domestic and export gas supply through Rashpetco (Joint Venture between EGAS,
Shell, and Petronas).
Exploration in the offshore Nile Delta province has revealed several hydrocarbon plays ranging in age
from Pleistocene to Oligocene and Cretaceous. Reservoirs include deep marine turbidites, fluvial systems,
shoreface deposits, reefal build-ups and lagoonal facies.
The Messinian in WDDM has been explored by 4 dedicated wells testing different plays and different
structural and stratigraphic concepts. Two wells have proven the presence of commercial gas and the other
two wells were dry.
The Swan-East well is a recent gas discovery in the Abu-Madi Formation in the extension of the old known
play of the Baltim canyon. It is located in the hanging foot wall of the Rosetta fault. It has a two-way dip
component and two side seals forming a combined structural and stratigraphic trap. It is comprised of a set
of complex channels and it countered 35m of net thermogenic gas and condensate pay. Swan-East was
identified on the 3D seismic survey acquired in 2014 and the target had a positive AVO anomaly that
conforms to the structure. Spectral decomposition is a very important attribute to define the prospects at
this level, as it consist s of the unconfined braided fluvial channel system.
The aim of this paper is to discuss how new ideas help to unlock old known plays, its impact on the
portfolio and how it has de-risked other prospect/leads post-Swan-East discovery.
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