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PROGRAMME 

 

 
 
 

Tuesday, 23 November 

Session Chair: Stuart Archer 

14.00 
Welcome and Opening Remarks 

Stuart Archer1 
1University of Aberdeen 

14.05 
Keynote Presentation: Overview of Mechanisms of Collaboration 

Steve Garrett1 

1Chevron 

 Session Chair: Adam Law 

14.25 
Overview of Posters 
All Poster Presenters 

15.15 Refreshment Break 

 Session Chair: Mads Huuse 

15.45 

Neoproterozoic Petroleum Systems: A New Frontier, Multi-Company, Multi-University, Multi-
Continent Collaboration 
Dan Le Heron1, Bernie Vining2 

1Royal Holloway University of London, 2Baker Hughes 

16.10 

Characterising Fault Networks in Three Dimensions in the Lewisian Gneiss Complex, NW Scotland: 
Implications for Petroleum Potential in the Clair Field Basement, Faroe-Shetland Basin 

Jennifer Pless1, Andy Conway2 

1University of Durham, 2ConocoPhillips (UK) Ltd 

16.35 

The Triassic of the Central Iberian Basin: An Analogue for Understanding and Predicting Reservoir-
Scale Variability in the Skagerrak Fm, Central Graben 

Joanna Morris1, Alison Ferguson2 

1University of Durham, 2ConocoPhillips (UK) Ltd 

17.00 Close of Sessions 
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Wednesday, 24 November 

Session Chair: Bernie Vining 

9.30 
Keynote Presentation: Sequestration and Industry-Academia Collaboration on Unconventionals 

Jon Gluyas1 

1PETEX Chairman, University of Durham 

9.55 
Clean Coal Power and North Sea Carbon Sequestration – A Case Study 

Ben Hedley1, David Hanstock2 

1University of Durham, 2Progressive Energy Ltd 

10.20 

The Tectonic Evolution of the South Atlantic Kwanza Basin as Inferred from 3D Backstripping and 
Salt Redistribution 

Christina von Nicolai1, Johan Andersen2 

1Helmholtz Centre Potsdam (GFZ), 2Maersk Olie og Gas AS 

10.45 Refreshment Break 

 Session Chair: Steve Garrett 

11.15 

Deep Water Slope and Channel Architecture Within the Oligo-Miocene Numidian Flysch of Sicily 
and Tunisia 

Myron Thomas1, Stuart Marsh2 

1University of Manchester, 2Anadarko Exploration UK 

11.40 

Correlation of Deepwater Sandstones in a Structurally Confined Sheet System Using Dipmeter Data, 
Buzzard Sandstone, UKCS 

Mark McKinnon1, Stephen Morris2 

1University of Aberdeen, 2Baker Atlas 

12.05 

Sand Distribution and Controls on Deep-Water Architecture in Palaeocene to Lower Eocene 
Depositional Systems in the Norwegian North Sea 

Evelina Dmitrieva1, Adam McCarthy2 

1Imperial College London, 2Statoil ASA 

12.30 Lunch 

 Session Chair: Joyce Neilson 

14.00 

Keynote Presentation: North Africa Research Group: A Successful Model for Dynamic Industry – 
Academia Collaboration 

Jonathan Redfern1 

1University of Manchester 

14.25 

Three-Dimensional Surface-Based Modeling and Reservoir Characterization of Tide-Dominated 
Heterolithic Sandstones: Examples from the Eocene Dir Abu Lifa Formation, Western Desert, Egypt 

Benoit Massart1, Chris Jackson1 

1Imperial College London 

14.50 

An Integrated Stratigraphic and Sedimentological Regional Study of the  Marar Formation (South 
West Libya): Providing Valuable Data to Unlock the Exploration Potential of Lower Carboniferous 

Reservoir in the Region 
Laurent Petitpierre1, Haydn Tanner2 

1University of Manchester, 2Maersk 

15.15 Refreshment Break 

 Session Chair: Nick Lagrilliere 

15.45 
Source-Rock Evaluation and Petroleum Systems Modeling of Chad Basin, Northeastern Nigeria 

Adepelumi Adekunle1, S. I Olayoriju1 

1Obafemi Awolowo University 

16.10 
Just how Problematic are Igneous Bodies in Sedimentary Basins? 

Samantha Clark1, Steve Garrett2 

1University of Durham, 2Chevron 

16.35 
Keynote Speaker  

Bruce Tocher1 

1Statoil 

17.00 Close of Sessions 
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POSTER PROGRAMME 
 
 Tuesday, 23 November 

15.15-17.00 
Collaboration Case Studies: Europe, Middle East, North Africa & FSU 

1 Stuart Archer 
ExploHUB – Reinvigorating Regional Exploration 

2 Tatyana Belonogova 
The Case Study, Kamennoye Field: Influence of Jurassic Lythology of Krasnoleninsky Dome 
(Western Siberia) on Well-Logging Methods 

3 Mubarak Matlak Al-Hajeri 
Development of Sedimentary Basin and Associated Alteration of Reservoir Fluids in Kuwait 
Petroleum System − A Diagnostic Evaluation of Formation Water Geochemistry 

4 Rob Barnes 
Fracture Systems in Fault Related Folds, Zagros Fold Belt, Southern Iran 

5 Jamal Doski 
Tectono-Stratigraphic Evolution of the Dohuk Region, Kurdistan, Northern Iraq 

6 Clayton Grove 
Etendeka Flood Basalt control over Aeolian Sediment Diagenesis, Huab Basin, Namibia. 

7 Lydia Jagger 
Tectono-Stratigraphic Evolution of the South-Eastern Mediterranean Passive Continental Margin, 
Offshore Libya and Egypt 

8 Mikhail Shapovalov  
Prediction of Permeability over the Area of 3D Survey for Reservoirs at Krasnoleninsky High with 
use of Rock Classification Based on Petrophysical Data and 3D Seismic Data 

9 Natalia Yankova 
Some Features of Geological Modelling of One TNK-BP Field Clastic Reservoir 

 Wednesday, 24 November 
09.55-11.15 
Novel modelling techniques & workflows 

10 Ayham Al Ashqar 
Work Flow for the Calculation of Drainage Capillary Pressure and Swi Estimation Using NMR T2 
Relaxation 

11 Gavin Graham 
Automated Approaches to Describe Clinoform Architecture in Reservoir Models 

12 Regina Khalimova 
Integration of the Magnetic and Gravimetric Prospecting, Seismic and Petrophysics Analysis for 
the Prediction Oil Content in the Deconsolidation of the Upper Part Basal Complex 

13 Jonathan Long 
Strains Related to Normal Faulting: Mapping, Analysis and Elastic Modelling 

14 Sam Matthews 
Petroacoustic Modelling of Heterogeneous Sandstone Reservoirs 

15 Alexander Predein 
Quality Control of 3D Geological Model Based on Declastering of Initial Well Data 

16 Masroor Rasheed 
Putting the Sub-Surface into the Cloud 

17 Hongjie Zhang 
Combined Outcrop Studies and Seismic Modelling of a Slope Channel System 

 Wednesday, 24 November 
10.45-12.30 
Extension, rifts & passive margins 

18 Adekunle A. Adepelumi  
Gravity Signatures of the Deep-Water Reservoirs of Offshore Nigeria, West Africa 

19 Mauro Buttinelli 
Crustal Structure of Tolfa Domes Complex (Northern Latium – Italy) Inferred from Receiver 
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Functions Analysis: An Interplay between Tectonics and Magmatism 

20 Gavin Elliot 
The Stratigraphic Evolution of a Salt-Influenced Rift System: The Middle-Upper Jurassic of the 
Halten Terrace, Offshore Mid-Norway 

21 Sukonmeth Jitmahantakul 
Tectonostratigraphic Evolution of the Exmouth Sub-Basin, NW Shelf, Western Australia 

22 Aji  Kyari 
A Proposed Mechanism for the Evolution of a Complex Mesozoic Graben in the Guinevere Field, 
Southern North Sea. 

23 Alexander Fishchenko 
Sequence Stratigraphy of JV1 Productive Horizon in Bakhilovskoye and Verkhne-Kolik-
Yoganskoye Fields 

24 Joanna Morris 
Characterization of Permo-Triassic Fluvial Analogues from the Central Iberian Basin, Spain: 
Implications for Application to the Subsurface 

25 Stefano Patruno 
Sedimentology and Sequence Stratigraphy of the Sognefjord Formation (Late Callovian – Late 
Oxfordian), Troll Area, Norwegian North Sea 

26 Marta Pérez-Gussinyé 
A Tectonic Model for Faulting, Crustal Thinning, and the Development Of asymmetric Non-
Volcanic Rifted Margins 

27 Jenna Robertson 
Mapping Overpressure Distributions within the Palaeogene of the Central North Sea 

28 Luis Salomón-Mora 
Comparison of Structural Styles and Hydrocarbon Potential Between Mexican Ridges and 
Perdido Fold Belts, and Intermediate Area, North-Western Gulf of Mexico 

29 Nicola Scarselli 
2D and 3D Seismic Analysis of Slump and Slide Complexes - Passive Margin of Namibia, SW 
Africa 

30 Basil Tulbah 
Evolution of Fault-Related-Folds in the West Niger Delta Fold Belt 

 Wednesday, 24 November 
14.25-15.45 
Carbonates & CCS 

31 Fabrizio Agosta 
A Lesson Learned from an Outcropping Fractured Carbonate Reservoir, the Roman Valley 
Quarry (Majella Mt., Central Italy) 

32 Mauro Buttinelli 
3D Reconstruction of the Structural Setting, Reservoir Modelling and Simulation of an Area from 
Available Seismic Reflection Data Interpretation: Evidences and Constraints Offshore in the 
Research of Potential Structures for Geological Storage of CO2 

33 Amy Clarke 
Hewett: A Promising Carbon Storage Site? 

34 Selin Erzeybek 
Modeling Paleokarst Reservoirs Using Multiple-Point Statistics on a Non-Gridded Basis 

35 Alanna Juerges 
Burial Diagenesis of Fractured Carbonate Systems, Lower Carboniferous, UK 

36 A. Rustichelli 
Sedimentological and Diagenetic Evolution of a Non-Tropical Carbonate Ramp System: New 
Insights from the Maiella Mountain (Central Italy) 

37 Emanuele Tondi  
Faults and Fractures in Carbonates: A Multidisciplinary Academic Project Supported by 
Petroleum Companies 

 Wednesday, 24 November 
15.15-16.35 
Depositional and stratigraphic processes: sediments & lavas 
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38 Rachael Dale 
Recognition of Third Order Cyclicity and Control Upon Sedimentation During the Namurian 

39 Luke Fairweather 
Digital 3D Mapping and GIS in Analogue Databases; Examples from Carboniferous Post-Glacial 
Basins of Argentina and Cretaceous Slope Channels in Mexico 

40 Natalya Nassonova  
Paleotectonic Control of Depositional Environment and System of Faults 

41 Hilarión Sánchez Hernández 
Miocene Tectonics and Deep Marine Sedimentation in the Southwestern Gulf of Mexico 

42 Timothy Watton 
Reservoir or Seal? Understanding Hyaloclastite Deposits in the Context of Petroleum 
Geoscience 

43 Kirstie Wright 
Key Seismic Stratigraphic Concepts of a Submarine Lava Fed Delta in the Late Paleocene 
Faroe-Shetland Basin 
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Keynote Speaker: Petroleum Geoscience Research Collaboration: 
Opportunities, Lessons, Successes and Challenges 
 
Steve Garrett, Chevron Energy Technology Company, Aberdeen, AB15 6XL 
 

There are diverse mechanisms for creating and sustaining opportunities for petroleum 
geoscience research collaboration between industry and academia. These include, 
while not being restricted to: 

 Exclusive company sponsorship 
o Long-term over-arching commitments  
o University Chairs  
o Post-doctoral positions 
o PhD‟s 

 Company funded 
 Government research body funded 

o MSc‟s 
 Summer projects 

 Joint Industry Projects 
o University-led consortia 
o Industry Technology Facilitator (ITF) themed projects 

 
A primary opportunity afforded by this collaboration is the scientific mining of the large 
volumes of subsurface data acquired by industry such as well and 3D seismic data. 
Some of the lessons relate to the diverse internal organisational structure and rate of 
job change within petroleum energy companies. Other lessons relate to approaches to 
Intellectual Property (IP). Universities and companies vary widely in their approach to 
this sensitive issue. Enablers can include standardised „master‟ contracts with 
simplified IP language.  
 
Success can be measured in many ways, including: the number of participating 
universities and companies; publication of books and papers; funding of a follow-on 
phase of work; employment of students; and application of methods to subsurface 
projects. In some cases, commercialisation of spin-off companies represents a way to 
market services and software and ensure sustained delivery of business value from 
the research and development. 
 
Entering an anticipated sustained period of financial and energy challenges, it will 
become increasingly important for and academia to collaborate and articulate the value 
of our science to society. 
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Neoproterozoic Petroleum Systems: A New Frontier, Multi-Company, Multi-
University, Multi-Continent Collaboration 
 
D. P. Le Heron

1
, B. A. Vining

2
, F. Alkmim

3
, D. Delvaux

4
; F. Kamona

5
 

 
1
Geology Department, Royal Holloway University of London, Egham, Surrey, TW20 0EX. 

2
Baker Hughes, Bentley Hall, Blacknest, Alton, Hampshire GU34 4PU, UK. 

3
Departamento de Geologia, Universidade Federal de Ouro Preto, Ouro Preto, Minas Gerais 

35.400, Brazil. 
4
Royal Museum for Central Africa, Geology and Mineralogy Department, Leuvensesteenweg 13 

B-3080 Tervuren, Belgium. 
5
Department of Geology, University of Namibia, P/B 13301, Windhoek, Namibia. 

 
Exploration for Neoproterozoic petroleum systems is a challenging new frontier. Can 
new giant oil and gas fields be discovered in strata spanning possible Snowball Earth 
intervals? An exciting new research programme is addressing these challenges in the 
search for Neoproterozoic petroleum systems in Angola and Namibia. The programme 
involves national oil and gas companies (NOCs) and a network of research institutes in 
a multi-company, multi-university and multi-continent initiative. 
 
Royal Holloway, University of London (RHUL) is host to the academic research, with 
collaborative protocols with the Federal University of Ouro Preto (UFOP) in Brazil, the 
Royal Museum for Central Africa (MRAC) in Belgium and the University of Namibia 
(UNAM), and the NOCs are providing fiscal and technical support. 
 
Whilst this research programme has longevity, near-term business drivers include 
drilling a first exploration well within the next 5 years!  
 
In recent years, interest in both existing and prospective Neoproterozoic petroleum 
systems has been excited by major new discoveries. In the São Francisco Basin, gas 
shows occur, and Cryogenian carbonates and intercalated clastic successions 
deposited between and during severe glaciation events are fuelling interest. These 
shows have spawned similar interest in the prospectivity of areas such as the Central 
Cuvette of the Congo, Angola and Namibia, which were adjacent to the São Francisco 
Basin during the Neoproterozoic, when the main source and reservoir rocks were 
deposited. The São Francisco Basin is thus the closest proven Neoproterozoic 
petroleum system to Angola and Namibia: UFOP will facilitate the research in this 
basin. A mega-regional understanding of play elements, across each geographic area 
of research, will be obtained, in part by collaboration with MRAC for the Democratic 
Republic of Congo and UNAM for Namibia.    
 
In each study area, source rocks may be of algal origin, derived from thick Tonian to 
Ediacaran stromatolitic carbonate successions, and/ or black shales lying above one or 
more deglacial sequences in the Cryogenian succession. It is predicted that reservoir 
rocks are likely to be carbonate-dominated with a subsidiary glaciogenic clastic 
component.  Three PhD studentships will initially focus on source rock, reservoir rock, 
and seal characteristics of the Neoproterozoic succession. Fieldwork will investigate 
the nature of the link between glaciation and source rock development, whilst 
laboratory work will investigate novel isotopic dating techniques. The principal themes 
of geochemistry, chrono-, tectono-, and sequence stratigraphy, will lead to a better 
understanding of the  play elements of source, reservoir and seal of the prospective 
petroleum systems in each area. This presentation will summarise the level of our 
current understanding, highlight the technical issues to be addressed, and 
demonstrate innovative approaches to collaboration between industry and academia.  
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Characterising Fault Networks in Three Dimensions in the Lewisian Gneiss 
Complex, NW Scotland: Implications for Petroleum Potential in the Clair Field 
Basement, Faroe-Shetland Basin 
 
J. C. Pless

1
, R. E. Holdsworth

1
, K. J. W. McCaffrey

1
, A. Conway

2
, R. Jones

1 

 
1
Research Reactivation Group, Department of Earth Sciences, Durham University 

2
ConocoPhilips (UK) Limited, Aberdeen (on behalf of the Clair Joint Venture) 

 

Fractured crystalline basement rocks are increasingly a target for hydrocarbon 
exploration in the development of existing fields. In the Clair field that lies 75km west of 
the Shetland Isles, the primary clastic reservoirs of Devonian and Carboniferous age 
overlie and onlap fractured Lewisian basement.  Fractures in the basement are thought 
to play a significant role in providing conduits for fluid movement across the field.  
 
To help understand the characteristics of the Clair basement structure, the Late 
Archaean - Early Proterozoic Lewisian Gneiss Complex (LGC) NW Scotland is being 
tested as a suitable analogue. Analysis of the Clair basement from well data and core 
suggests that it has affinities with the LGC in terms of age, lithologies and fracturing 
style. The LGC comprises tonalite-trondhjemite-granodiorite gneisses, mafic-ultramafic 
dykes, together with subordinate metavolcanic & metasedimentary sequences that 
were accreted as a series of terranes during the Precambrian. The LGC contains a 
complex fracture network with three prominent regional fault sets, each of which is 
associated with characteristic fault rock and mineral assemblages (Figure 1). 
 
 

 
Figure 1: Schematic block diagram showing the three main fault trends seen within the 
mainland Lewisian. 

 
The present project focuses on analysing onshore data in 1-, 2- & 3-dimensions and 
correlating the findings with results from analyses of well & seismic data from the Clair 
field basement. Onshore data comprises regional NEXTMAP digital elevation models, 
outcrop sample lines, photomosaics and LIDAR data. Well and outcrop data comprises 
1D line samples and have been used to characterise the spatial and textural attributes 
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of the fault networks both onshore and offshore. LIDAR or terrestrial laser scanning 
has been used at selected outcrops to fully capture the characteristic spatial attributes 
and connectivity of fault & fracture networks in the onshore LGC in three dimensions. 
 
Onshore results show that NE-SW fault & fracture trends are dominant in all 
dimensions, with NW-SE faults preferentially developing in areas of pre-existing 
basement anisotropy, such as phyllosilicate-rich ductile shear zones. Offshore seismic 
and well data show a similarly dominant NE-SW trend for faults. LIDAR point clouds 
have been interpreted and show complex fault & fracture networks across the scanned 
outcrops. These interpreted datasets will be used to provide a detailed comparison of 
the onshore and offshore fault & fracture networks and to determine the likely conected 
pathways through the Clair basement 
 
These results, along with the similarities in fracture mode, fill and other attributes 
suggest that the fault & fracture network recorded on the mainland LGC provide a 
fitting analogue for the fractured basement in the Clair Field. 
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The Triassic of the Central Iberian Basin: An Analogue for Understanding and 
Predicting Reservoir-Scale Variability in the Skagerrak Fm, Central Graben 
 
Alison Ferguson

1
,
 
Joanna Morris

2
, Stuart Jones

2
, Hugo Lawrence

1
, Ken McCaffrey

2
, Neil 

Meadows
3
, Iain Mearns

4
, Jamie Middleton

1
 

 
1
ConocoPhillips Scandinavia AS 

2
Department of Earth Sciences, Durham University  

3
RedRock International 

4
ConocoPhillips UK Ltd   

 

The ConocoPhillips operated Jade, Judy and Jasmine Fields of the J-block area are 
situated within Quad 30 of the UKCS within the Central Graben. Despite over forty well 
penetrations and extensive coring of the Triassic Skagerrak Formation within a 
compact area, the reservoir units within this formation remain challenging to model and 
predict in terms of lateral and vertical reservoir heterogeneity. 
 
The Skagerrak of the J-Block area was deposited in a semi-arid continental system 
and has been subdivided into six alternating members of sand-rich and shale-rich units 
(Goldsmith et al 1995). Salt withdrawal during Skagerrak deposition produced spatially 
variable mini-basin fluvial fills related to changes in subsidence rate and available 
accommodation space. Preserved stratigraphy is further complicated by erosion 
associated with major unconformities. Palaeo-current data highlights the complexity of 
this laterally mobile depositional system, but does little to help describe the fluvial 
fairway.  
 
Correlation of the Skagerrak Members is possible on a regional scale from well log 
data, but mapping of internal reservoir zones between wells is more difficult. On the 
Jade Field however, where wells are closely spaced (in the order of 400m) correlation 
is possible, and chemostratigraphy has been used with success across the area to 
support stratigraphic interpretations. Where wells are further apart and do not 
penetrate the full section, correlation of intra-reservoir units cannot be conducted with 
confidence.   
 
The most important control on reservoir quality is facies type. Within the central part of 
the fluvial fairway, net:gross can be as high as 60 to 70%, with vertical amalgamation 
of channel and sheet flood facies. In more marginal locations sands are discrete are 
separated by laterally continuous shales which can result in layered depletion. 
Identification of stacking patterns and facies associations is therefore important in 
understanding the production behaviour of the reservoir.  
 
Study of field analogues in outcrop help distinguish the key uncertainties in these types 
of fluvial systems. Analysis of facies architecture at outcrop allows us an insight on 
what might be important to capture within a reservoir model. A compelling new 
analogue for the Skagerrak formation can be found on the Central Iberian Basin (CIB), 
Central Spain. 
 
The CIB is an intracratonic rift basin in central-eastern Spain that developed in Early 
Permian times (Sánchez-Moya et al. 1996).  It provides well exposed syn-rift Upper 
Permian to Middle Triassic continental fluvial red beds to study. The red beds were 
deposited in once tectonically active half-grabens with episodically changing rates of 
basin floor subsidence.  Fluvial sedimentation during this time took place in coexisting 
braided and meandering channels together with ephemeral episodes.  The 
interbedding of fluvial channel sandstones, floodplain and palaeosols facies compares 
favourably with logged sections in the Skagerrak sandstone Members and therefore 
provides the opportunity to extend interpretations away from the one dimensional 
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aspect of the borehole in order to gain an appreciation of three dimensional reservoir 
heterogeneity, net-to-gross relationships and correlation. 
 
A key aim of this research is to establish how the complex interactions of allocyclic and 
autocyclic controls influence the architecture within the basin.  Methods that have been 
utilised to achieve this are terrestrial laser scanning (LIDAR), chemostratigraphy, 
extensive field work, digital photography and petrography.  These have helped define 
parameters such as permeability, W:T ratios and stacking patterns, all of which can be 
integrated to improve the understanding of the controls that lead to the dynamic 
deposition of fluvial sediments.  This is key to building non-marine stratigraphic and 
reservoir models.  However, some difficulties have been faced in determining the 
classification of fluvial deposits.  The dynamic nature of such deposits and shortage of 
correlateable surfaces makes distinguishing suitable patterns unclear both laterally and 
temporally.  The CIB goes someway to allowing us to better our understanding in a 
challenging depositional environment. 
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Industry and Academia Collaboration – The Key to a Clean Future from 
Geoenergy 
 
Jon Gluyas, Department of Earth Sciences, University of Durham, South Road, Durham, DH1 
3LE, UK 
 

The planet is hungry for energy, emissions are rising fast.  Conventional light to 
medium crude oil is proving difficult to find in the quantities required.  We have 
alternatives, heavy oil, tar sands, oil shales and coal but they are more polluting when 
burned.  The development of renewable energy sources is not progressing as quickly 
as needs be to replace fossil fuels.  Are we doomed?  Maybe not; but we will need to 
act differently in order to meet both challenges. 
 
I believe one of the key routes to successfully meeting such challenges will come from 
co-operation between industry and academia.  This is not just a statement I make to 
promote this Collaboration Conference; I have staked my future career on it! 
 
Here I examine three examples from the energy industry where co-operation between 
industry and academia is occurring and is likely to be critical to the future successful 
deployment of major pieces of that industry.  They are carbon capture and storage, oil 
shales and underground coal gasification.  In each instance academia has taken an 
early lead and although resource constrained, has had the time and enthusiasm to 
address many of the technical challenges.  Industry, clearly focussed on executing 
such projects has the financial resource to do so can feed off the earlier academic 
work.  Together industry and academia can move forward, academia providing 
solutions to both long and short term problems.  The UK and European oil industries 
have in recent decades demonstrated such co-operation beautifully and the sector as 
a whole has a myriad of organisations past and present which have been produced 
from such co-operation.  JAPEC and PSTI were early examples of such co-operation.  
The latter has evolved into ITF which acts as an interface between industry and 
academia, fed from both ends it has demonstrably moved forward our understanding 
of petroleum systems. 
 
So what of CCS, oil shales and UCG, how are they benefiting now from co-operation 
and what does the future hold?  For carbon capture and storage academia took an 
early lead and it has retained its position until now.  In the UK workers at the University 
of Edinburgh were quick to recognise the potential to capture CO2 at source and bury it 
in depleted petroleum reservoirs and deep saline aquifers.  With the British Geological 
Survey (BGS) they demonstrated the storage capacity of sites around the UK and 
these organisations together with researchers at Durham, Imperial College, Liverpool, 
Heriot Watt and elsewhere have continued to make progress on storage capacity, trap 
integrity, site monitoring and more.  However, such work has rarely been done in 
isolation.  Statoil have worked with the BGS on their North Sea Sleipner injection site.  
The Energy Technology Institute, itself an industry initiative has brought together 
multiple universities, research and service organisations to make a rigorous 
assessment of the UK‟s storage capacity.  In addition the UK‟s much heralded CCS 
competition has brought power generators together with academia to help solve an 
array of problems from first capture to final storage.  As we move from pilot CCS 
schemes into full scale operation, the CCS industry will continue to need to break new 
(scientific) ground if it is to create the size of operation, equal or larger than the oil 
industry, required to really make a difference.  Co-operation with academia is likely to 
be the only way the industry can continuously deliver best practise and continue to 
make the breakthroughs required. 
 
CCS is a new science or combination thereof.  The oil shale industry is old.  James 
„Paraffin‟ Young a Glasgow born chemist initiated the Lothian‟s (Scottish) oil shale 
industry in 1850.  The oil shale was mined, dry retorted and the petroleum extracted.  
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The waste shale was piled high in tips – making for a bizarre and desolate landscape 
in the area south of Edinburgh.  Oil shale processing has little changed since Young‟s 
day.  It is a dirty, polluting and environmentally unsound process.  However, it has long 
been noted that the piles of waste are not inert.  They commonly react with meteoric 
water, albeit slowly and amongst other minerals, carbonates precipitate.  Could this 
process be enhanced?  Might the waste be reacted with derived CO2 at an industrial 
scale to produce a useful product – aggregate?  To find out, a co-operative research 
programme between Durham University and Jordan Energy & Mining Limited has just 
begun.  A paper on this is presented to the main PETEX conference. 
 
„King Coal‟ a phrase unheard in Britain since perhaps the 1960s may be set to make a 
return.  Whether considered for the UK alone or as the whole world the reserves to 
production ratio for coal eclipses that of oil or gas.  Coal will again become the main 
fossil fuel exploited by humans but like oil shale it is a „dirty‟ fuel.  Aside from the CO2, 
SO2 and nitrogen oxides produced on burning there are the soil tips from mined coal 
and devastated landscapes following open cast mining.  The environmental impacts 
were recognised long ago.  In 1912 the Nobel chemist William Ramsey tried a new 
process at Hett Hill in Durham by setting fire to a coal seam underground and trying to 
extract the produced hydrogen and other gases.  He reasoned that with no miners 
underground and no spoil tips he would have a safer cleaner method of extracting the 
energy from the coal.  Despite backing from Lenin in 1913, underground coal 
gasification as it has now been called, has not yet become commercially viable.  
Control of the „burn‟; composition of the produced syn-gas, assessment of the ensuing 
subsidence, clean-up and reuse of the void space are all areas of active research co-
operation between industry and academia with control of the combustion process 
being a primary control on successful deployment.  Given the large resource globally 
and the technical difficulties ahead of full commercialisation there is an unprecedented 
degree of co-operation between the few players in this embryonic industry and 
academia.   
 
In summary both industry and academia have benefited greatly from co-operation in 
the past; academics being exposed to problems they might otherwise have never seen 
and gaining access to samples and data beyond their normal reach; industry reaping 
the results of academic study with its innovative thinking and relatively relaxed time 
scales.  Long may this continue as we attempt to fuel and energy hungry world in a 
clean and sustainable way. 
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Clean Coal Power and North Sea Carbon Sequestration – A Case Study.   
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The UK Government target of cutting national CO2 emissions by 80% by 2050 allied to 
increasing energy demands cannot be met purely by replacing existing coal plant with 
renewable sources. Clean coal technology when used in conjunction with CO2 Capture 
with associated geological storage holds the potential to help reduce this energy deficit 
whilst still maintaining national emissions targets. To achieve these targets, the 
Committee on Climate Change has recommended that power generation is to be 
mostly carbon neutral by 2030, thus the need for rapid advances in technology and 
completion of demonstration projects is clear. 
 
In this case study we look in detail at the technological requirements for carbon neutral 
power generation at a proposed clean coal power station on Teesside, north-east 
England in conjunction with the appraisal of a deep saline sub-salt aquifer storage site 
in the UK Central North Sea. We look at the generic details of the storage site in terms 
of structure, faulting and reservoir quality of the aquifer and identify potential risk that 
would downgrade the attractiveness of this site for sequestration. We assess the 
quality of the salt seal in addition to using analogies from previous adjacent 
hydrocarbon exploration and production for indications of aquifer extent and 
quantifying regional variation of thickness, porosity, permeability and net:gross ratios; 
in addition to obtaining pressure data from wells to assess the reservoir pressures and 
maximum fracture pressure of the overlying salt seal. We go on to use Monte Carlo 
simulations to assess the storage potential of this site using the primary and published 
data. 
 
We find that the Permian Sandstone Aquifer has published porosities of 9% - 27% with 
well log measured sonic porosities of 15% - 24% depending on facies with published 
permeabilities from adjacent oil fields of between 0.2 mD to 125mD. Core flood data 
commissioned for the project indicates permeabilities of 25 to 37 mD.  The Permian 
Zechstein evaporites form a continuous cap rock over the storage site before pinching 
out to the south-west on the edge of the northern Permian basin.  
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The Tectonic Evolution of the South Atlantic Kwanza Basin as Inferred from 3D 
Backstripping and Salt Redistribution 
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Post-depositional mobilisation of salt has controlled the structural evolution of many 
passive continental margins. Due to its specific rheological properties salt behaves as 
a fluid over geological times, and has the potential to preserve the effect of different 
stress fields. Different generations of salt structures are therefore suitable indicators for 
the deformation history, and can be used to decipher the various deformation phases 
characterising the tectonic evolution of a margin. Salt structures, however, do not only 
contribute to the understanding of the structural evolution of passive margins and their 
associated sedimentary basins, but are also attractive targets for hydrocarbon 
exploration in traps set up by these structures. Salt tectonics research is thus of major 
commercial and academic interest.  
 
The Kwanza Basin offshore Angola is one of the South Atlantic salt basins that has 
attracted increased attention by the industry within recent years. Structural restoration 
of margin-scale 2D sections has provided valuable information on the timing and style 
of different phases of salt movements. However, to get detailed knowledge on the 
intensity and the spatial distribution of salt flow considering mass and volume 
conservation, three dimensional approaches are required.  
 
In this study, we present the results of a 3D reconstruction approach aiming to restore 
the post-rift tectonic evolution of the Kwanza Basin. The modelling approach 
comprises subsidence analysis including 3D backstripping with salt redistribution in 
response to changing load conditions in the sedimentary overburden. Additionally, 
selected cross sections are restored in order to quantify the amount of deformation 
stored in certain structures.  
 
The results of the 3D subsidence analysis contour the structural evolution of the 
Kwanza Basin from the Aptian to the late Neogene. They provide a complex hull, 
which joins all previous results from 2D reconstructions and opposes the latter to each 
other. The derived subsidence history confirms and extends some of the existing 
hypotheses on margin evolution, questions others, and raises new ones by adding 
new, delicate details to the complex structural picture of the Kwanza Basin and its 
variation in time and space.  
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Deep Water Slope and Channel Architecture within the Oligo-Miocene Numidian 
Flysch of Sicily and Tunisia. 
 
Myron Thomas

1
, Jonathan Redfern, Stuart Marsh

2
 

 

1
North Africa Research Group (NARG), School of Earth, Atmospheric and Environmental 

Science, University of Manchester, UK.  
2
Company advocate: Stuart Marsh

 
Anadarko exploration. UK 

 
NARG sponsors: Hess, Anadarko, Maersk, RWE, ConocoPhillips, Wintershall 
 

The Numidian Flysch is a late Oligocene to Mid Miocene deep water flysch deposit 
cropping out in Alpine nappes from southern Spain, through Morocco, Algeria, Tunisia 
and Italy. Deposition was into a southwards migrating foreland basin which trended 
approximately east-west across north Africa to the Italian mainland. Already a proven 
play in Sicily, exploration is now focusing offshore Tunisia. 
 
Excellent outcrops of submarine channels and flow deposits in northern Sicily and 
Tunisia allow characterisation of the Numidian environment and the controls upon 
sand body architecture. In Sicily, clastic deposits are concentrated in two separate 
stratigraphic units, displaying significant sand body architectural differences. Early 
Miocene deposits show a combination of incisional channels and constructional sheet 
flow. 
 
The incisional channel deposits record a variety of flow processes, including frictional 
debris flows and cohesive debris flows. Some evidence exists for flow transformation, 
from both slump bodies and high-density frictional flows, into cohesive debris flows. 
Channels display steeply stepped margins while the fill comprises basal lags, and 
stacked scour like bodies that behave in a self-similar fashion to the parent channel 
body. Basal erosion surface geometries suggest a fill evolution of the channels 
comprising erosion, plugging and lateral incision. 
 
In central Sicily, stacked lobe deposits are exposed and also a channel-lobe-transition-
zone. Coarsening and thickening upwards sequences are interrupted by minor 
distributory channels evidencing several active depocentres within each lobe. 
Unconfined turbidites comprise the dominant flow facies. This sequence produces gas 
in the Gagliano field in this area. 
 
Overall within Sicily, a small sandy submarine fan is evidenced with upper slope, mid 
fan and basin floor environments.  
 
This research is providing valuable data on the regional distribtion and provenance of 
the Numidian Flysch, as well as detailed analogues for Numidian submarine fans 
which offer potential unexplored targets offshore North Africa. 
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Correlation of Deepwater Sandstones in a Structurally Confined Sheet System 
Using Dipmeter Data, Buzzard Sandstone, UKCS 
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The upper Jurassic Buzzard field, UKCS, is a structurally confined deepwater sheet 
turbidite system with stratigraphic pinchout to the west and limited by extensional faults 
to the north and south. A wealth of subsurface information is available including over 
fifty wells with full log suites and image logs, over 3,000ft of core through the reservoir 
interval, chemo- and bio-stratigraphy, and a 3D seismic survey. Despite this, the 
correlation of reservoir sandstones is problematic due to the occurrence of abundant 
slumps, and uncertainty over both sedimentary process and the timing of structural 
development of the basin. A collaboration involving the University of Aberdeen, 
Buzzard partners and Baker Hughes aims to integrate all the available subsurface data 
and develop new techniques to aid the correlation of reservoir sandstones with the 
ultimate goal of producing accurate depositional system maps for the Buzzard system.  
 
Cluster analysis of core-calibrated wireline logs, including dipmeter, holds the key to 
accurate lithofacies diagnosis, which is a prerequisite to establishing stratigraphic 
correlations and building accurate depositional system maps. Certain lithofacies such 
as laminated sandstones or slumped mudstones exhibit characteristic dipmeter motifs 
which, when used alongside other logs, greatly improve lithofacies prediction in un-
cored wells. Dipmeter data, used appropriately, thus has the potential to greatly 
influence stratigraphic correlation in deepwater settings. Combining such lithofacies 
prediction from wireline logs with chemo- and bio-stratigraphy and 3D seismic 
interpretation, an improved stratigraphic correlation framework can be built, revealing 
the lateral extent and degree of vertical connectivity of sands. Stratigraphic 
relationships and depositional geometries are also essential in the construction of 
depositional models. An interpretation of geological processes based on evidence from 
both cored and un-cored wells also forms a major part of any depositional model, and 
is essential in building an understanding of the timing of deposition relative to structural 
development of the basin. Depositional models, and the reservoir property maps that 
can be derived from these models, bring a degree of geological reasoning into the 
interpolation of properties between wells. This has important implications for reservoir 
modelling and field productivity via establishment of lateral and vertical lithofacies 
relationships. 
 
This study highlights the value of integrating multiple datasets and ensuring that 
subsurface models satisfy all the data. Research collaborations provide an excellent 
platform for cross-disciplinary studies, for knowledge-sharing and for the development 
of new integrative techniques. 
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Sand Distribution and Controls on Deep-Water Architecture in Palaeocene to 
Lower Eocene Depositional Systems in the Norwegian North Sea 
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The majority of reservoir sandstone units in the Palaeocene and Eocene in the North 
Sea originated as deep-water channel and fan deposits. Previous work has mainly 
focused on the development of these systems along the western margin of the basin, 
where a number of large hydrocarbon fields producing from Palaeocene and Eocene 
reservoirs are present. To complement these studies, this study focuses on the 
Palaeocene to Lower Eocene succession within the Norwegian sector along the 
underexplored eastern margin of the basin. In this region, sands sourced from the 
Norwegian mainland were transported towards the central parts of the North Sea Basin 
by a variety of debris-flow and turbidity current processes. The aims of this study are; 
(i) to establish a stratigraphic framework for Palaeocene-to-Eocene deepwater 
sandbodies along the eastern basin margin of this basin; (ii) to establish the original 
depositional morphology of these sandbodies prior to large-scale, post-depositional 
remobilisation and injection; and (iii) to investigate the controls on the overall 
architecture of these deepwater deposits. The study utilises a 580 km2 3D seismic 
survey which partly covers North Sea block 35/11. Fourteen exploration wells with 
wireline data are also utilised; these wells contain cuttings information but no core 
data. 
 
Well data indicate that the studied interval consists mainly of sandstones interbedded 
with claystones and siltstones. The sandstones are fine to coarse-grained and poorly 
to well-sorted. Individual sandbodies, up to 80 m thick, occur at different stratigraphic 
levels.  Well and seismic observations suggest that the sandbodies are of limited 
lateral extent due to deposition in a channelized setting. As a result, individual 
sandbodies cannot be confidently correlated between wells. In addition, examples of 
compensational stacking of sandbodies are observed. Well-seismic ties indicate that 
the thicker sandbodies are often represented by high amplitude anomalies. Anomalies 
with both channel and sheet-like geometries are observed, with channels reaching up 
to 10 km in length and up to 2 km in width. Mounded depositional features, up to 2.5 
km wide, are also observed. The distribution of these features matches the well-based 
observations of sand occurrence, indicating that sands are best developed towards the 
basal (Palaeocene) part of the succession and towards the eastern basin margin. This 
distribution is consistent with regional palaeogeographic reconstructions which suggest 
that sediment input from the E and SE was most voluminous during the Early 
Palaeocene, and declined through time into the Eocene.  
 
Chrono- and lithostratigraphic key surfaces are identified in well data and six main 
stratigraphic units are suggested for the study interval. Four of the identified units are 
within the Palaeocene and are all sand-rich. They are interpreted as being deposited in 
a series of submarine channels and lobes on a large submarine fan in a base of slope 
to basin plain setting. The reservoir sandbodies are interpreted to be laterally 
discontinuous due to the inherent channelised nature of the depositional systems. 
However extensive, seismic-scale clastic remobilisation and injection observed within 
the study area may enhance connectivity. The post-depositional remobilisation and 
injection also contributes to the low preservation of primary depositional geometries. 
 
The visualisation and interpretation of 3D seismic supported by well data provides 
better insights into the geometry of complex Paleocene-age depositional systems 
along the eastern margin of the North Viking Graben. The establishment of a 
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stratigraphic framework and depositional model also allows us to better understand the 
distribution and controls on the geometry of the large-scale clastic intrusions observed 
in this part of the basin. The study has implications for the distribution, geometry and 
connectivity of deep-water reservoir sandbodies in the North Sea and elsewhere. 
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North Africa Research Group: A Successful Model for Dynamic Industry – 
Academia Collaboration 
 
Jonathan Redfern, University of Manchester 
 

The North Africa Research Group was founded in 2000 to conducts multi-disciplinary 
research with a petroleum geoscience theme in Algeria, Egypt, Morocco, Libya and 
Tunisia. The research includes projects with integrated sedimentology, geochemistry, 
seismic interpretation, petrophysics and reservoir engineering. The group involves 
collaboration between Manchester, Heriot-Watt, and Bremen Universities, all of whom 
have an established track record in petroleum geoscience and engineering, supported 
by a group of international oil companies with the desire to promote research in this 
area. 
 
The research has both strong academic merit and an applied focus that has delivered 
significant value for the sponsoring companies.  As well as providing new field based 
data, and reviewing, collating and re-interpreting previously published work, the 
research projects have also used extensive subsurface datasets donated by the 
sponsors. 
NARG actively engages with industry by organising workshops, conferences and field 
trips.  The group also aids collaboration with North Africa institutions and universities 
and promotes growth of research in the region. NARG has been actively involved in 
organising a course on North Africa for the PESGB, first run in June 2010.   
 
The presentation will showcase four recently completed PhD projects funded by the 
group, highlighting the research aims and results, and both the academic merit and 
industrial relevance: 
 

 A regional chronostratigraphic and sequence stratigraphic framework across 
North Africa 

 Basin modelling of the Ghadames basin, Libya 

 A new palaeogeography for the early Cretaceous of North Africa, implications 
for the Nubian (Sari) nsandstone reservoir 

 Sedimentological and sequence stratigraphic analysis of Carboniferous 
deposits in western Libya: Recording the sedimentary response of the northern 
Gondwana margin to climate and sea-level changes  

 A new approach for outcrop characterization and geostatistical analysis of a 
low-sinuosity fluvial dominated succession using digital outcrop models: Upper 
Triassic Oukaimeden Sandstone Formation, central High Atlas, Morocco   



Petroleum Geoscience Research Collaboration Showcase 

 

November 2010  Page 26  

Three-Dimensional Surface-Based Modeling and Reservoir Characterization of 
Tide-Dominated Heterolithic Sandstones: Examples from the Eocene Dir Abu 
Lifa Formation, Western Desert, Egypt 
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Tidal reservoirs are difficult to characterize due to the existence of heterogeneities at 
different length scales. Small-scale heterogeneities of cm- to m-scale are often 
genetically linked to diurnal tidal cyclicity, resulting in mm- to cm-alternations of sand 
and mud, causing significant permeability variation. The geometry and distribution of 
these small-scale heterogeneities and their influence on fluid flow have been 
investigated using an outcrop analogue from the Eocene Dir Abu Lifa Member 
(Western Desert, Egypt) in the Fayoum Depression, south of Cairo. The outcrops 
correspond to a tide-dominated delta where tidal heterogeneities are preserved at 
different length-scales. 
 
To study small-scale heterogeneities, different outcrops were described depending on 
the type of facies they display. The different small-scale heterogeneities were grouped 
together into four surface templates, depending on their geometry: dune cross-
bedding, parallel bedding, wavy to lenticular bedding and sigmoidal bedding.  The 
surface templates are used to generate generic 3-dimensional models of tidal 
heterolithic facies following a surface-based modelling approach which honours the 
complex geometry of surfaces such as bed boundaries, cross-stratification boundaries 
and laminae within the various facies, independent of their length-scale. 
 
Statistical datasets of the distribution, length and continuity of mud drapes and 
associated geometrical parameters (e.g. curvature and dip angle of cross-beds, 
wavelength of wavy bedding) for the four templates have been collated from high-
resolution outcrop photomontages. Analysis of the statistical datasets has been used 
to constrain the modelling of the template surfaces. Flow simulation was then 
performed on the models in order to estimate effective transport properties. Here we 
present the first results of the generic, surface-based modelling and flow simulation of 
tidal heterolithic sandstones. 
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An Integrated Stratigraphic and Sedimentological Regional Study of the Marar 
Formation (South West Libya): Providing Valuable Data to Unlock the 
Exploration Potential of Lower Carboniferous Reservoir in the Region 
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The Tournaisian-Visean Marar Formation of the Murzuq and Ghadames basins 
(Western Libya), has to-date yielded only a few relatively small hydrocarbon 
discoveries.  However its potential as an important reservoir has been overlooked 
primarily because there was a paucity of information for this coastal-deltaic system, 
with previous published studies limited in coverage and,scope, and lacking any 
regional integration in terms of depositional environment variability and potential 
reservoir characterization.   
 
This outcrop based study undertaken as part of NARG regional basin evaluations, has 
identified two potential reservoir facies and defined their architecture, and assessed 
the controls on distribution within a depositional model, sequence stratigraphic context.  
The results we believe have significant implications for subsurface exploration.  
 
Three field seasons in the Murzuk Basin, Libya, allowed examination of several 
localities with superbly exposed sections, producing a large sedimentary logging 
dataset. This was integrated with high resolution satellite images to provide further 
regional coverage.   A number of thick sandstone bodies were identified, with a 
thickness range from 10m to 50m and widths from a few hundred meters to a 
kilometer.  In the  Tenidhan Anticline, where these units are well exposed, these 
sandstones bodies are interpreted as incised valleys filled with amalgamated fluvial 
sandstones.  Correlation panels show that they occur at specific horizons and are 
controlled by significant base level changes.  These units can also be identified on 
nearby subsurface data.  The sandstone bodies that form the second potential 
reservoir show a different geometry. They are thinner (up to 8m thick) but are much 
more laterally extensive.  Where they crop out in Awaynat Wanin area, they can be 
traced for several tens of kilometers. They record shallow marine facies (mainly 
shoreface) and display  lateral facies change that can be observed across the 
extensive exposure.   
 
The results offer valuable information to 1- understand the importance of developing a 
robust depositional model and facies scheme in order to accurately correlate the 
discrete sandstone reservoirs identified in the subsurface data, with important 
implications for reservoir distribution and connectivity; 2- has identified the base level 
control on the stratigraphic location of the incised valleys offering potential to predict 
the location of the much thicker good quality reservoir and 3- quantified the 
characteristic gamma signature of overlying “Collenia” stromatolitic unit, which can be 
used as an important regional marker. This will allow much more confident correlation 
in the subsurface. This research also has a wider academic significance,  improving 
our understanding of Early Carboniferous global eustatacy with implications for our 
understanding of the onset of the Permo-Carboniferous glaciation.  
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The study showcases a valuable academic – industrial collaboration, with a focused 
research aim and clear academic and applied deliverables. 
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Source-Rock Evaluation and Petroleum Systems Modeling of Chad Basin, 
Northeastern Nigeria 
 
A.A. Adepelumi, S. I. Olayoriju, Department of Geology, Obafemi Awolowo University, Ile-Ife, 
Nigeria 
 

The Nigerian portion of the Chad basin is suspected to be a prolific hydrocarbon basin 
because the contiguous Termit Basin sharing the same geology have been producing 
hydrocarbon for over a decade. The thrust of the paper is to determine the source rock 
potential of the basin by investigating the total organic carbon (TOC), and total organic 
matter (TOM) contents of Fika shale (source rock in Chad basin) using density and 
gamma ray Logs. In-addition, thermal and maturity modeling of the Chad basin was 
carried out. To achieve this aim, twelve well-logs ran by the Nigerian National 
Petroleum Corporation (NNPC) were used for the determination of TOC, utilizing the 
well established Schmoker equation. The derived TOC was then converted to TOM 
using correction factor of 1.72. The concentrations of total organic matter of Fika shale 
intervals computed were found to be between 2.1 and 55.59 wt% with an average of 
15.6 wt%. The concentration of total organic carbon was found to vary between 1.89 
and 32.7 wt% with an average of 12 wt%. The results indicate that the total organic 
carbon contents (TOC) of Fika shale exceed the kerogen threshold of 0.5 wt%, and the 
TOM exceeds the kerogen threshold of 1wt% for generation of hydrocarbon. The 
porosity values derived for the wells ranges between 3 and 38%. The increase in 
porosity in Fika shale in some of the wells suggests the effect of the granitic intrusion 
in the basin which might have made the Fika shale very brittle and soft.  Generally, the 
average TOC values tend to increase northeastward of the study area towards Chad 
and Niger republic. It was thus concluded that the Fika shale formation in Chad basin 
could be considered a very good source rock for hydrocarbon generation. However, it 
is deduced that the presence of the volcanic materials found in the basin might have 
contributed to over-cooking this source rocks and during the process converting it to a 
gas-prone basin. 
 
The average heat flow in Chad basin is 65 mWm-2. The heat generation in the basin is 
between 0.14 and 2.55 µWm-3. They are all significantly lower than 5.5 µWm-3 quoted 
by Rybach (1986) for black shale. Chad basin‟s thermal maturity, assessed from 
vitrinite reflectance, indicates that the Gongila Formation and the Bima Formation are 
within the "oil window", while the Fika Shale Formation is only partly within it (lower 
Fika shale). We conclude that the possible place to prospect for hydrocarbon in Borno 
basin is Gongila to Upper Bima (which are in “oil window” in most of the studied wells). 
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Just How Problematic are Igneous Bodies in Sedimentary Basins? 
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This PhD project is funded by Chevron Upstream Europe. It was selected as 
Chevron‟s first project at the Durham Centre for Research into Earth Energy Systems 
(CeREES). It explores fundamental earth science issues which have a direct impact on 
business decisions during Chevron‟s diverse exploration and development activities 
along the North Atlantic Margin. 
 
Just how problematic are igneous bodies in sedimentary basins? We note that key 
relationships between igneous lithologies and the surrounding sediments, both in flood 
basalt provenances and in volcanic rifted basins, are currently poorly constrained. This 
investigation aims to provide detailed case studies on the direct and indirect effects of 
lavas, intrusions and volcaniclastics on surrounding sediments. A conceptual model for 
diagenesis within igneous affected basins will be compared to both off and onshore 
data sets.  
 
The first task is gauge the “normal” background effects, such as compaction, on the 
diagenesis of sediments with no igneous component. 
 
Second, the effects of intrusions will be assessed. Hot sediment contacts completely 
surround the intrusion with a number of direct and indirect effects. Direct effects 
include; metamorphism and heat effected aureols, localised fluidisation of sediment, 
peperitic like textures along the intrusive margins, and the induration of sediment along 
intrusive contacts from aggressive calcite cement or mobilisation of silica, in fluid fronts 
(see Figure 1). Indirect effects include the role of intrusions as barriers or conduits to 
later fluid flow compartmentalising the reservoir and therefore dictating later stage 
diagenesis.  The extent of the sediment affected, will depend on a number of factors 
such as the temperature, size and composition of the intrusion, composition of the 
sediment, the pre-existing porosity and permeability of the sediment (often dependent 
on previous “background” diagenisis), the water content of the sediment and the ability 
for an open convective system to develop. 
 
Third, the effects of lavas will be considered. Lavas have hot contacts at their base, 
resulting in broadly similar effects to intrusions. The top surface of the lava may have 
time to cool and weather before being passively infilled by sediment (see Figure 2). A 
detrital volcanic component from weathered flows can be incorporated into the 
sediment resulting in volcaniclastic facies that behave very differently to regular 
siliclastic diagenetic processes. Reactive volcanic grains behave plastically under 
compaction and the devitrification of glass and degradation of feldspar result in pore 
filling clays and zeolites greatly reducing porosity and inhibiting late stage fluid flow.   
 
The importance of understanding such complex dynamic interactions is highlighted in 
the Faroe Shetland basin where Palaeogene volcanic activity dominated the basin‟s 
evolution, resulting in siliciclastic reservoir rocks interbedded with volcanic lithologies. 
Examples from onshore field analogues in Mull and an offshore dataset are targeted in 
order to better understand the complexity of contacts and effects on reservoir potential, 
with the ultimate aim of providing a better understanding of the North Atlantic Igneous 
Province.  
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 Figure 1: An indurated zone is created at all contacts between the intrusion and the sediment, 
eliminating porosity. Carbonate cement is precipitated, as the hot magmatic fluids from the 
intrusion, cool and circulate with pore water. Thus the amount of rock affected is highly 
dependent on the initial poroperm of the sediment and the ability for heat and fluids to dissipate 
throughout the system.  The photomicrographs on the right, show (blue stained) porosity 
decreasing towards the contact, while the amount of carbonate cement increases (show in red 
on the Cathodoluminescence images). If the intrusion enters unconsolidated silica rich 
sediment then repacking and fracturing of grains can occur. As this process continues, 
pressures build promoting fracture healing and pressure solution, resulting in a silica based 
induration (Summer and Ayalon 1995).      

 
Figure 2:  Similar to intrusions, an indurated zone is also formed at the hot contact below lavas, 
as can be seen in the figure and photomicrograph above. The top contact is more irregular and 
lacks induration. Here initial porosity is party preserved although the later development of clays 
from weathering of volcanic material could greatly reduce the reservoir quality of the sediment. 
(Photomicrographs from Jerram and Stollhofen 2002). 
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Keynote Speaker: Bruce Tocher, Statoil 
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-1- 
exploHUB  
 
Stuart G. Archer, University of Aberdeen, Geology and Petroleum Geology , School of 
Geosciences, King's College, Aberdeen, AB24 3UE 

 
exploHUB is a unique exploration training initiative designed to address the three key 
challenges facing the oil industry today:  
1. the imminent loss of experienced explorationists to retirement (often termed the big 
crew change),  
2. the decline of regional-scale play fairway analysis skills and  
3. most of the Earth‟s „easy‟ hydrocarbons have already been found.  
 
exploHUB is designed to address these problems through training in the fundamentals 
of exploration practice and methods.  The centre offers full-time trainees the chance to 
work in an immersive, exploration team environment.  Trainees will engage in active 
exploration and technology transfer, gaining practical knowledge which will be 
invaluable in meeting the challenge of finding the globe's last remaining hydrocarbon 
resources. Trainees will interact with both academics and industrialists in collaborative 
projects over 9 months, and will be awarded a Post-Graduate Diploma.  
For more details on exploHUB, visit www.abdn.ac.uk/explohub. 
 
Alternatively, contact Dr Stuart Archer, Director of exploHUB at  
 
s.archer@abdn.ac.uk 
Tel: +44 (0)1224 273449 

https://mail.abdn.ac.uk/owa/redir.aspx?C=83e1d3d4303c4e6ebb415e557b99b18a&URL=http%3a%2f%2fwww.abdn.ac.uk%2fexplohub
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The Case Study, Kamennoye Field: Influence of Jurassic Lythology of 
Krasnoleninsky Dome (Western Siberia) on Well-Logging Methods 
 
Tatyana Belonogova, LLC Tyumen Petroleum Research Center, TNK-BP, 
 

Jurassic sediments of Krasnoleninsky Dome (Western Siberia) are often impossible to 
distinguish from pre-Jurassic series by logs, as well as it is impossible to distinguish, 
within Jurassic interval, the upper P-formations from lower Jurassic JК2-9. The same 
can be observed on Kamennoe field. 
 
Therefore, prior to making any studies on the above field, we gathered all available 
core and correlated it to well logging data. 
 
Based on core studies results and correlation of reservoir properties by core-core 
function we identified main lithotypes for all Jurassic formations of Kamennoe field. See the 
cross-plot below. 
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The figure demonstrates that P-formation is divided into two major lithotypes: 
gravelstone conglomerates and sandstone; JК2-9 formations have five major lithotypes 
three of which are sandstones with different porosity, the forth and the fifth are 
gravelstone and conglomerates, BG-formations are mainly gravelstone and 
conglomerates. The core-core cross-plots show that JК2-9 and BG formations are non-
reservoirs with residual water-saturation over 80%. Besides, the core permeability of 
P-formations are quite high, up to 100 mD, and JК2-9 formations have low perm, up to 
1mD. 
 
Further correlation of core and log data showed that the lithotypes identified by core 
properly show up on logs, for each formation. 
 
E.g., in P-formation (see the figure below) gravelstones and conglomerates have 
higher values of neutron methods (2NNL, NLL, NGL), density logging (density GGL), 
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electric methods (laterlog, HF logging, contact log) versus sandstones, and lower 
values versus SP relative amplitude, gamma method, and sonic logging ( Т). 
 
JК2-9 sandstones have lower values of neutron methods (2NNL, NLL, NGL) and electric 
methods (laterlog, HF logging, contact log) and higher GR values versus P-sandstones 
and are not distinguished on micrologging, i.e. are mostly non-reservoirs. The figure 
below shows, on the right, the oil-saturated core from entire JК2-9 formation, though not 
all of those rocks are reservoirs. JК2-9 reservoirs of Tyumen series are mainly 
represented by thin one-meter layers and are almost undistinguished in JК2-9 
formations. Besides, JК2-9 formations are mainly sandstones with thin layers of 
gravelstones and conglomerates. 
 
BG-formations are gravelstones, conglomerates and other clastic rock and have 
similar log parameters to P-gravelstones and conglomerates which makes them 
different from overlying JК2-9 formations. 

 
For a long time it was impossible to distinguish, by logs (see the above figure, the 
middle part), the weathering crust sediments from P-formations. After we made our 
study by correlating core data with logging and reservoir properties we have found out 
that weathering crust can be distinguished by density gamma log since the density of 
weathering crust shale is higher than P-sandstone density. Besides, the weathering 
crust sediments are not characterized by higher values of micrologging versus micro-
gradient sonde values and do not have a mud cake (bigger well diameter) on a caliper 
curve. 
 
As a result of correlation of Kamennoye core and log data we learned to distinguish 
between P-formations, JК2-9, BG, and weathering crust by logs, to divide them by 
lithotypes and properly correlate the cross-sections. Based on lithotypes we proposed 
a new algorithm to determine porosity, permeability and oil saturation of P and JК2-9 

formations. 
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Development of Sedimentary Basin and Associated Alteration of Reservoir 
Fluids in Kuwait Petroleum System − A Diagnostic Evaluation of Formation 
Water Geochemistry 
 
Mubarak Matlak Al-Hajeri

1,2 
Stephen A. Bowden

2 

 
1
Exploration Group, Kuwait Oil Company, Kuwait 

2
Geology and Petroleum Geology Department, University of Aberdeen, UK 

 

Formation water is a ubiquitous geological fluid which is always found co-existing with 
hydrocarbons. Despite its ubiquity, analysis of formation water chemistry is a useful 
tool for constraining fluid flow in the subsurface at both the basin and reservoir scales. 
In addition, it can provide an insight as to what has happened in the past during the 
development of the sedimentary basin and help understand the behavior of 
hydrocarbons during migration. Understanding the composition of formation water 
provides important geological, hydrological, thermal, tectonic information on the 
evolution of the Kuwait sedimentary basin. 
 
Formation water type can be linked to basin scale processes of profound importance to 
petroleum exploration and production. Specifically in Kuwait petroleum system 
formation water chemistry can be tied to diagenetic processes within key reservoir 
intervals (influencing both hydrocarbon and reservoir quality) and basin scale fluid 
movements – including major episodes of petroleum charging. Formation water 
chemistry is also pertinent to reservoir development where it can be used to fingerprint 
produced fluids and constrain their origin. In general, major water ions and 
subsequently salinity in formation waters increase with depth. 
 
This is observed in Kuwait formation water however, most of Cretaceous and some 
Tertiary waters were dramatically enriched in salinity. Abnormally high salinity (TDS) in 
shallow Tertiary section vary from 100,000 to around 200,000 mg/L whereas, 
Cretaceous waters tend to show higher salinity between 200,000 to 270,000 mg/L 
(Figure 1). This anomalous increase in salinity is likely a consequence of post 
depositional diagenetic processes. In Kuwait there are three major evaporite 
formations partially controlling the chemistry of Kuwait formation waters. Lower Eocene 
of Rus anydrite, Upper Jurassic of Gotnia halite, and Middle Triassic of Jilh halite are 
considered in this study to alter the chemical and physical properties of the formation 
waters in the Kuwait Petroleum System. Fluids from these evaporate formations would 
be expected to have high salinities or dissolved solids content and when mixed with 
surrounding formation waters could easily give rise to the abnormal formation water 
chemistries observed in this study. The Rus and Jilh Formations appear to have a 
minor role compared to the Gotnia Formation. The later formation has been playing a 
major role increasing the salinity in underneath Najmah water and post-Gotnia section 
from Cretaceous to Tertiary. 
 
The major cation and anion chemistry of formation Water samples in Kuwait varies 
vertically (stratigraphically) and laterally (geographically), evidencing different fluid 
evolution and diagenetic events. 
 
Stratigraphically, post-Jurassic, pre-Jurassic, and Tertiary reservoirs are relatively 
enriched in sodium, calcium and magnesium, respectively (Figure 2). Halite dissolution 
of the Gotnia Formation has probably sources the anomalously high sodium content 
seen in Cretaceous formation waters. However, the concentration of calcium in pre- 
Jurassic formation waters is at level consistent that normally seen for the rise in cation 
ions concentration with increasing depth (Dickey, 1969). Nearer to the surface 
formation waters in Tertiary units are enriched in calcium and magnesium at the 
expense of sodium possibly representing meteoric dilution and shallow subsurface 
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evaporation. Geographically, north and northwest formation waters have a greater 
similarity than formation waters from west and south Kuwait (Figure 3). Specifically, 
Cretaceous reservoirs in northern Kuwait that have greater sodium compared to 
formation waters from the south (that typically have higher concentration of 
magnesium). This is can be attributed to an influx of fluids sourced from deeper Gotnia 
formation (that are enriched in sodium by halite dissolution), through reactivated 
faulting in the north. The Petroleum system in the north relative to that in the south is 
characterized by a regionally deeper, overpressured, thermally mature, petroleum that 
has a higher GOR. The Gotnia formation is also thinner. Therefore, it is not 
unreasonable that hydrocarbons discharged from source rocks in north Kuwait will 
migrate up-dip towards shallower reservoirs in the south (Bou-Rabee, 2000). Indeed 
such a scenario is consistent with formation water geochemistry results. 
 
In conclusion, although the chemical and physical properties of formation waters in 
Kuwait vary geographically/ laterally and starigraphically/vertically this variation can be 
rationalized with respect to current knowledge and basin models; e.g. the presence of 
physical barriers and periods of tectonic activity. Given the ubiquity of samples of 
formation water, applying formation water geochemistry to Kuwait and other petroleum 
systems would appear a good method for evaluating basin models. 
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Fracture Systems in Fault Related Folds, Zagros Fold Belt, Southern Iran 
 
R. Barnes, NERC Case Studentship with BP Exploration 
K. R. McClay, Supervisor 
 
Fault Dynamics Research Group, Royal Holloway University of London, Egham, Surrey  TW20 
0EX,  UK 
 

The Fars province of the Zagros fold and thrust belt in southern Iran displays many 
spectacular examples of thrust-related folds that deform cretaceous through Miocene 
carbonates.  Large doubly-plunging anticlines exceed 2 km elevation and extend for 
tens of kilometres along strike.  Fold belt evolution commenced in the Late Oligocene-
Early Miocene as a result of the closure of the Neo-Tethys ocean and Arabian and 
Iranian plate collision.  Platform carbonates on the northern passive margin of the 
Arabian plate were folded into broad upright detachment folds above the basal Eo-
Cambrian Hormuz salt detachment.  Folds are box-shaped with moderately to steeply 
dipping limbs and sub-rounded crests.  Fractured and folded carbonate units are 
spectacularly exposed in the folds of the Fars Province, southern Iran.  
 
This presentation summarises the results of detailed remote sensing studies of two 
well-exposed, broadly E – W trending, detachment folds in the Fars Province.  
Oligocene and Lower Miocene limestones form doubly-plunging anticlines with well 
developed fracture systems.  Both folds have Hormuz salt diapirs at one of the plunge 
terminations.  Detailed fracture and fault studies have been carried out, combining 
high-resolution Quickbird imagery (courtesy of Fugro NPA) draped over Aster digital 
elevation models.  The stratigraphy, faults and fractures were mapped in ArcGIS 
producing detailed maps of fractures that were analysed in terms of orientations, 
lengths and densities. 
 
Fracture analyses of the two fold systems showed broadly comparable fracture and 
fault populations and architectures.  Fold 1 - Kuh-e-Khurgu, is a ~ 20 km long, doubly-
plunging upright fold with maximum limb dips of 50°-60° and characterised by major 
NE- trending oblique fracture swarms, conjugate shear fractures at high angles to the 
fold axial trace and a prominent NE oblique fracture system.  High fracture densities 
occur on the fold limbs and dense fracture clusters are associated with major oblique 
systems.  Fold 2 - Kuh-e-Finu has maximum limb dips of 70°-90° and is also ~ 20km 
long and doubly-plunging.  It is characterised by fold axis parallel, crestal-collapse 
faulting with maximum fault displacements of ~200 m.  Axis perpendicular fracture 
systems are highly developed together with axis oblique fracture systems.  Both folds 
show similar fracture architectures with Kuh-e-Finu showing well-developed axial 
crestal-collapse fault systems that probably indicate greater shortening as compared to 
Kuh-e-Khurgu.  Oblique shear fractures on both folds appear to be slightly folded by 
late stage dextral shear deformation this is most likely the result of dextral shear 
strains generated by the oblique convergence of the Arabian and Eurasian plates.  
Balanced cross-sections across both folds (created in Move2009 courtesy of Midland 
valley) have been used to develop 4D evolutionary models for these fold / fracture 
systems.  These models may be used as analogues for fractured carbonate reservoirs 
in other fold and thrust belts. 
 
Quickbird Satellite Imagery kindly provided by Fugro NPA 
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Tectono-Stratigraphic Evolution of the Dohuk Region, Kurdistan, Northern Iraq 
 
Jamal A. H. Doski, PhD Scholarship from the Iraqi Ministry of Higher Education and Scientific 
Research, and the College Research Scholarship from RHUL 
Ken R. McClay, Supervisor, Fault Dynamics Research Group, Department of Earth Sciences, 
Royal Holloway University of London, Egham, Surrey TW20 0EX, UK 

 
This study presents a 4D tectono-stratigraphic evolutionary model for the Dohuk 
region, Kurdistan, Northern Iraq.  It is based on the results of the field investigations, 
remote sensing analyses as well as scaled analogue and numerical models of the 
thrust fault systems.  The Dohuk region is situated within the Zagros orogenic belt near 
the north-eastern boundary of Arabian Plate in the Kurdistan region of northern Iraq.  
The research area, between latitudes 34° 30` N - 37° 15` N and longitudes 42° 10` E - 
46° 15` E, and covers part of the simply folded Zagros fold-thrust belt as well as the 
Zagros imbricate zone.  Detailed field mapping and structural measurements have 
been collected from the well-exposed outcrops of the geological formations in the 
Dohuk – Zakho area.  Geological mapping was carried out over about 11 000 km2 of 
the Dohuk region and the surrounding areas.  The field data combined with remote 
sensing interpretations were used to define the structural characteristics of the 
detachment folds, to determine the 3D geometries of the stratigraphic units within 
these folds; and to resolve the relationships between the detachment folds and their 
fault-fracture systems.  Detailed fracture analyses were undertaken as well several 
regional balanced sections were constructed across the Dohuk region.  Detailed 
balanced sections were constructed through the principal detachment folds.  
 
The Dohuk region is characterized by WNW - ESE striking doubly plunging, upright 
symmetric to slightly asymmetric detachment folds that involve approximately 8 to 9 
km of sedimentary section above the Late Precambrian crystalline basement.  The 
folds have limb dips up 80° and vary from 4 to 12 km wide and up to 75 km long.  Only 
minor, small displacement thrusts were found in the outcrops. The folds are dominantly 
SSW-vergent with steep southern or south-western limbs, locally overturned.  Some 
folds also exhibit a northerly or north-easterly vergence.  The folds are arranged in an 
en-echelon manner and the field studies indicate that the internal deformation was by 
flexural slip between the principal bedding surfaces within the structures.  The 
maximum NNE to SSW regional shortening in the study area has been calculated to 
be 8.9 km (over a section length of 65 km).  The larger, higher folds are interpreted to 
occur above Present Day, seismically active, steep reverse faults in the crystalline 
basement.  
 
The tectono-stratigraphic column at the Dohuk region consists of eight 
megasequences (AP2, AP4, AP6, AP7, AP8, AP9, AP10 and AP11) as presented by 
Jassim and Goff (2006).  The oldest exposed formation is the Ordovician Khabour of 
the Late Early Cambrian-Early Ashgill Megasequence (AP2).  The Pliocene Upper 
Bakhtiari (Bai Hassan) of the Latest Eocene – Recent Megasequence (AP11) is the 
youngest exposed formation.  The principal detachment is inferred to be within the 
Palaeozoic section above the Late Precambrian crystalline basement.  In addition, a 
local detachment horizon was provided by the shales in the lower part of the Late 
Tithonian – Early Turonian Megasequence (AP8) beneath the Dohuk, Dahkan, Atrush 
and Aqra anticlines.  4D evolutionary models for the formation of these frontal 
detachment anticlines are presented. 
 
NPA Group and Fault Dynamics Research Group are thanked for providing the 
satellite data and software.  DNO is thanked for access to the high-resolution satellite 
imagery.  Midland Valley is thanked for providing Move2009 section balancing 
software. 
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Etendeka Flood Basalt Control over Aeolian Sediment Diagenesis, Huab Basin, 
Namibia. 
 
Clayton Grove

1
, D. A. Jerram

1
 & Chris Harris

2 

 

1
Department of Earth Sciences, University of Durham, Durham, DH1 3LE 

2
Department of Geological Sciences, University of Cape Town, South Africa 

 
 
Funded by One North East 

 

            

        
As volcanic successions are now being considered within systematic hydrocarbon 
exploration strategies the need for new understanding has increased. Hydrocarbons 
occur within and around flood basalt sequences. Here we report on how igneous 
activity attributable to the Etendeka Flood Basalts (133 Ma) both directly and indirectly 
influenced the diagenesis of the aeolian Twyfelfontein Formation, Huab Basin, 
Namibia. The study area is analogous to the 3 TCF Kudu gas reservoir, offshore 
Namibia. 
 
The Cretaceous dunes of the Twyfelfontein Formation have been drowned by lavas of 
the Etendeka Flood Basalt province, preserving complex field relationships between 
the sedimentary and igneous environments. Direct diagenetic effects of igneous 
activity on the sands occur at sediment-lava contacts. Indirect diagenetic effects where 
dykes and sills compartmentalise the basin, restricting fluid flow, occur throughout the 
succession. The unique preservation of these igneous effects is a consequence of the 
combined aridity at the time of drowning and aridity over geological time. 
 
Burial of this desert system by pahoehoe lava has preserved duneforms by passive 
drowning, first by ponding in interdune areas, subsequently enveloping and starving of 
sediment in the entire system such that the youngest dunes are isolated barchanoids 
forming on pahoehoe surfaces, themselves drowned in lava flows. At lava ponds the 
drowned sediments are baked and indurated with aggressive carbonate cement which 
replaces detrital quartz and feldspar (Fig 1A). The most intense hot contact diagenesis 
occurs where aeolian sediments are blown into cracks penetrating hot lava flow cores, 
in this situation little detrital material remains. Porosity is reduced to 0 % up to 0.2 m 
from lava contacts, where carbonate and authigenic clays derived from volcanically 
weathered feldspar fill all pore space. The whole rock δ13C value of 7.95‰ at the 
contact suggests a magmatic carbon source is dominant. We suggest lava degassing 
steam and CO2 provides the induration mechanism as opposed to later indirect 
diagenesis concentrated at sediment-lava contacts. The amount of carbonate 
induration rapidly decreases away from the contact, at distances greater than 0.3 m 
carbonate is minor. Porosity reduction persists to 4.4 m from the contact as a result of 
authigenic clay filling pore spaces (Fig 1C), suggesting the thermal effects penetrate 
further than carbonate precipitating fluids (Fig 2). Whole rock δ18O isotopic analysis 
has indicated systematic reduction towards the lava where calcite is present and a 
reduction away from the contact as detrital grains regain dominance, microsampling is 
planned to show the source of this signature.   
 
Compartmentalisation of the sedimentary system by igneous geology controls 
diagenesis during burial by restricting fluids, which the prolonged lack of groundwater 
enhances the ability to observe. During burial restricted fluid flow has caused the 
differential diagenesis of compartments (intrusion separated or lava flow separated) 
spectacularly seen in Fig 3 where a dyke has prevented diagenetic fluid from passing 
from right to left. The yellow sandstone on the right is leached of Fe3+ and feldspars 
show greater clay replacement than the red sandstone to the left of the dyke. The 
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Authigenic clay, calcite cement and porosity 

against distance from Ponded Lava contact
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yellow sandstone has reduced macro porosity but increased microporosity within 
partially replaced feldspars. These outcrops allow us to understand how 
compartmentalisation effects fluid flow in igneous basins and how rock properties can 
vary as a result, over surprisingly small distances and within the same facies. 
 
 
 
 
 
 
 
 
 
   
 
 
Fig 1. Photomicrographs of blue resin impregnated thin sections from the Ponded Lava locality, 
Twyfelfontein Fmn Namibia. A. Basalt contact in XPL showing poikilitic carbonate crystals, 
authigenic clay and partially dissolved detrital grains. B. Sst 1.3 m below ponded lava with 
porosity reduction as a result of pore filling authigenic clay. C. Sst 4.4 m below lava contact 
showing little sign of porosity reduction.  
 
 

 
 
 
 
 
 
 
 
 
 
Fig 2. Graph showing Area Fraction (%) of porosity and authigenic mineral phases against 
distance from ponded lava contact. Authigenic clay is the dominant porosity reducing phase, 
carbonate is however important <0.2 m from the contact. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Compartmentalisation by dyke. Red unaltered sandstone (left), bleached yellow 
sandstone (right). The dyke has acted as a barrier to diagenetic fluid flow during burial. Car for 
scale. Photo by D Jerram and G Thompson. 
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Tectono-Stratigraphic Evolution of the South-Eastern Mediterranean Passive 
Continental Margin, Offshore Libya and Egypt 
 
L. J. Jagger 
K. R. McClay, Supervisor - Fault Dynamics Research Group, Royal Holloway University of 
London, Egham, Surrey, TW20 0EX, UK 
T. G. Bevan, Supervisor - BP Exploration, Sunbury, UK 
 

The SE Mediterranean passive margin has a complex tectonic evolution from the 
break-up of Gondwana and opening of the Tethyan oceans during the Mesozoic to the 
convergence of the African and Eurasian plates from the Late Cretaceous to the 
Present Day. This research project (funded by BP Exploration) aims to investigate the 
regional tectono-stratigraphic and structural evolution of the offshore Libyan and 
Egyptian continental margins. An improved understanding of the extension and 
inversion history in the SE Mediterranean has important implications for hydrocarbon 
prospectivity offshore Libya and offshore Egypt.  
 
Mapping of syn-kinematic and post-kinematic units, using GeoFrame software, across 
a regional 2D seismic dataset provided by BP Exploration is used to present a regional 
evaluation of the tectono-stratigraphy along this part of the offshore SE Mediterranean 
margin. Key regional 2D seismic lines are interpreted in detail to illustrate the structural 
styles along the margin.  
 
The stratigraphy of the continental margin offshore Libya can be divided into 
megasequences that record the evolution of the SE Mediterranean from the Triassic to 
the Present Day. The syn-rift megasequences define rift phases during the Triassic-
Jurassic, recording the opening of the Neotethys Ocean, and Early Cretaceous rifting 
in the Sirte Basin. This resulted in the development of E-W to NNW-SSE trending 
domino-style rift fault systems along the margin. Post-rift thermal subsidence was 
interrupted by the reactivation of major fault systems along the margin during phases 
of inversion in the Late Cretaceous (~84 Ma) and Eocene-Oligocene. Pre-existing 
NNW-SSE to NW-SE structural trends, highlighted by gravity anomalies, control rift 
evolution and are preferentially reactivated throughout the tectonic history of the 
passive margin. The Miocene post-kinematic evolution is characterised by gravity-
driven slumping and the development of listric extensional structures detaching on 
multiple shale detachments. Progressive isolation of the Mediterranean basin during 
the Miocene resulted in evaporite deposition along the margin during the Messinian 
salinity crisis (6-5.3 Ma). NW-SE trending structures offshore NW Libya were 
episodically reactivated to the Present Day as a result of the convergence of the 
African and Eurasian plates.  
 
Seismic data kindly provided by BP Exploration.  
Seismic interpretation carried out using GeoFrame 4.4 (Schlumberger).  
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Prediction of Permeability over the Area of 3D Survey for Reservoirs at 
Krasnoleninsky High with Use of Rock Classification Based on Petrophysical 
Data and 3D Seismic Data 
 

Shapovalov Mikhail Y, Potysyev Victor S, Chernova Ekaterina V. 
Tyumen Petroleum Research Center, LLC 
 

The most important problem of geological researches is the forecast of geological 
object properties. Frequently reservoir properties are not homogeneous for the area 
and can differ within one object. Because of these reasons the set of geophysical 
methods of rocks research has been developed. This set became the standard at 
geologic researches. But what to do, if standard methods are powerless at the forecast 
of petrophysical properties of object? Non-standard methods of work with the standard 
information will help in that case. The example of such approach on the Em-Egovsky 
license is shown in the given work. 

 
The Em-Egovsky license according to a new tectonic map (after V.I. Shpilman., 1998) 
the investigated territory is related to a central part of Krasnoleninsky regional high. In 
geographical relation the investigated territory is located within the limits of October 
and Hanty-Mansiysk districts of Hanty-Mansiysk region of the Tyumen area. Field is in 
a stage of active development, is drilled already more than 600 wells, but, there are 
some problems with the forecast of petrophysical properties of reservoir. Feature of the 
given area is that in two wells drilled in identical conditions, output of first well can be 
up to 100 tons a day whereas output of the second well will exceed hardly probable 10 
tons. Thus porosity and composition of a reservoir rock will be very similar. Data on 
permeability of rocks could help solve the given problem. However the permeability 
forecast by standard techniques from well logs gives low reliability (factor of correlation 
of permeability from well logs with permeability from a core is 0.11). To increase 
reliability of the forecast the decision to use a new technique of division of collectors on 
classes with help of parameter of Hydraulic Flow Units (HFU) was made. With help of 
core investigation and cluster analysis 10 classes of reservoirs with a unique set of 
petrophysical characteristics in a class have been allocated. Everyone petrophysical 
characteristic separately, for example porosity, can have identical value in various 
classes, but there was worked out the unique parameter Flow Zone Indicator (FZI). FZI 
allow dividing reservoir to classes according to their properties. The 
regression analysis has shown that there exist some correlation between well logs 
data and FZI. At the same time if we know FZI in some point of reservoir we can 
estimate permeability at that point. The permeability forecast based on reservoir 
classes has better convergence with the core data (factor of correlation of permeability 
from reservoir classes with permeability from a core is 0.32).  
 
For distribution of FZI on volume of a seismic cube the algorithm of genetic inversion 
on the basis of neural networks has been used. Genetic inversion allows searching 
directly for correlation between seismic attribute and well data given by fitting of the 
operator on the basis of neural networks. Integration of well data with seismic data was 
made with help of geological modeling. Geological modeling allows combining well 
data with a seismic trend between wells. After this procedure we receive more 
authentic forecast of permeability in all volume of seismic survey and this forecast 
gives the chance to predict successfully distribution of zones of reservoirs with high 
flow rate. 
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Some Features of Geological Modelling of one TNK-BP Field Clastic Reservoir  
 
Natalia V. Yankova, Aleksey Y. Zhivodkov, LLC, Tyumen Petroleum Research Center, [TNK-
BP] 

 
The main characteristics of the modelled field are: 

 pre-cambrian clastic reservoir, locally salted; 

 2D seismic only; 

 absence of Russian analogues; 

 cored wells are localized at the relatively small area and 

 production drilling (horizontal wells) shows complex reservoir architecture. 
 
It seems, that possibility to model reservoir correctly with these features and such low 
state of exploration is almost equal to zero. Despite that as the result of deep analysis 
we succeed to plan main steps of the modelling. 
 
Trying to evaluate reservoir architecture, we analyzed logs and noted some logic in the 
thickness variations: thin reservoirs are areally and vertically interbeded with thick 
monolithic layers of sandstone (Fig.1). In other words, there are wells with maximum 
net pay, which is essentially thins out in adjacent wells. We got an idea that it is the 
result of streams work in the past of the investigated region. 
 

After sedimentological core analysis the reservoir was identified as deposits of semi-
arid alluvial fan, composed by interbedding of debris flow, coarse grained channels, 
which were overworked during sea transgression and resulted in tidal flats and net of 
tidal channels. 
 
At the first time only those wells were under analysis (i.e. cored wells). Since they are 
localized in the small area, it was necessary to find some log features of sedimentary 
environment to involve other wells into evaluation. For this reason the synthetic 
lithology curve was generated, which together with core data allowed to determine 
facies pertain of layers in all wells. 
 

Fig.  1 Fragment of well correlation 



Petroleum Geoscience Research Collaboration Showcase 

 

November 2010  Page 48  

Upon condition that seismic quality is low these bodies were contoured through 
paleoreconstructions help (Fig. 2). Those facies bodies were then realized in the 
geological model as objects (Fig. 2). 
 

 
Geological model carries more reservoir heterogeneities, than previous versions, and 
explains the lateral and vertical variation of net pay. 
 

Fig.  2 Map of paleorelief (left) and the same zone in model (right) 
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Work Flow for the Calculation of Drainage Capillary Pressure and SWI 
Estimation Using NMR T2 Relaxation 
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The main petrophysical parameters needed to evaluate reserves are porosity and 
oil/gas or water saturation. The later is a function of the saturation height or capillary 
pressure and the transition zone thickness. While porosity and saturation are used to 
determine oil-in-place, the liquid permeability is linked to flow potential and production 
rates. 
 
The knowledge of capillary pressure enables the estimation of both permeability and 
saturation height function. Nuclear magnet resonance (NMR) T2 relaxation has the 
potential to determine and link all above elements either directly or indirectly. In order 
to test, and verify the proposed method a wide range of sandstone samples have been 
analyzed, ranging from permeable poorly lithified sands to consolidated tight gas 
sandstones. Tests were composed of conventional core analysis (porosity and 
permeability), mercury injection primary drainage (MICP), NMR T2 relaxation at both 
fully saturated and drained conditions, porosities ranged between 2 to 15% while 
Klinkenberg corrected permeability varied between 0.01 to 1000 mD. The NMR mean 
T2 Brine at fully saturated conditions ranged from 0.8 to 400 ms, with T2 cut-off ranged 
varied from 1.45 ms to 242 ms. 
 
Using more than 60 samples to establish the workflow model, a clear and detailed 
methodology is here presented to determine drainage capillary pressure using T2 
relaxation of water saturated sandstones. 
 
Starting by calculating matrix porosity followed by determining the bulk volume 
irreducible and estimates the irreducible water saturation if unknown which eventually 
result of determining of scaling factor value required to convert time domain data to 
pressure domain and then using Swanson model allows the predict of permeability for 
each point of the capillary curve. 
 
An empirical correlation was also developed in order to estimate capillary pressure if 
the data used in the workflow is not available. The number of samples analysed gives 
confidence for using this correlation when experimental capillary pressure data is not 
available. 
 
This paper presents an innovative methodology to determine drainage capillary 
pressure curves using NMR T2 relaxation distribution with aim to gain a better 
understanding of the NMR capabilities in assessing in situ reservoir properties. 
The advantage of this method comes from its direct approach and the use a 
comprehensive and complete data set. 
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Automated Approaches to Describe Clinoform Architecture in Reservoir Models 
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Key factors influencing fluid flow and reservoir behaviour include facies architecture 
and heterogeneity distribution conditioned to stratal surfaces. Within shallow-marine 
reservoirs, clinoforms are one such type of stratal surface. Clinoforms are 
palaeoseaward-dipping surfaces whose geometry preserves the depositional 
morphology of the delta-front or shoreface slope and whose position reflects shoreline 
progradation history.  Clinoform surfaces control aspects of facies architecture within 
parasequences and can also act as barriers or baffles to flow when there is carbonate 
cementation or mudstone deposition along them. Under certain conditions, it is 
therefore important to include clinoforms in reservoir models. 
 
We present a method that automates the generatation of multiple clinoform surfaces 
within a volume defined by two bounding surfaces, for example a delta-lobe deposit or 
shoreface parasequence.  
 
A geometrical approach is taken to describe the concave-upwards shape of a 
clinoform surface, by combining the relative height between the top and bottom 
bounding surfaces with a function such as a power law.  The method is flexible and 
allows the user to define major parameters, such as the geometry and spatial 
distribution of individual clinoform surfaces and the proportion of the surface that acts 
as a barrier or baffle to flow.  The distribution and geometry of the clinoform surfaces 
are then matched with data-rich outcrop analogue or data-poor subsurface 
observations, which enables a greater deterministic or stochastic component to be 
incorporated into the resulting model, as appropriate. A corner-point grid is then 
constructed around the clinoform surfaces and additional geological surfaces (e.g. 
facies boundaries) to allow rock-property distribution and then flow simulation.  The 
resulting surface-based models accurately capture and preserve clinoform surfaces 
within fluid-flow simulations. 



Petroleum Geoscience Research Collaboration Showcase 

 

November 2010  Page 52  

-12- 
Integration of the Magnetic and Gravimetric Prospecting, Seismic and 
Petrophysics Analysis for the Prediction Oil Content in the Deconsolidation of 
the Upper Part Basal Complex 
 
Regina Khalimova, Lyudmila Chernovets, LLC Tyumen Petroleum Research Center, TNK-BP, 

 

The most important and open problem is the structure, composition and oil-and-gas 
content of the Paleozoic basement rocks in the Uvat region of the Southern part of 
Tyumen region. The suggested method is the definition and mapping of various 
compositions reservoirs based on the using of the integration of the geological and 
geophysical analysis which includes seismic, petrophysical analysis and also magnetic 
and gravimetric prospecting.  
 
The primary objective is the tectonic model construction of the basal complex on the 
basis of the magnetic and gravimetric prospecting and also seismic data. The faults 
presence is defined by the gravity steps, by the zone of the sharp. The second 
objective is composition definition of the basement. The Uvat region has various 
compositions: there are intrusive, effusive, igneous, sedimentary and metamorphic 
rocks. The data of the petrographic and the petrophysical properties are analyzed in 
each well (42). The selection of the specified composition of each well was composed, 
then correlation between average weighted density and value of the magnetic and 
gravimetric fields (10 maps) are determined. The comparison of several distributions 
allows giving the most proved zone of the rocks development. The structure-
formational map of the basal complex in view of the tectonic model was composed. 
 
Paleozoic complex has not included the proven oil and gas deposits in Uvat region yet. 
But oil and gas deposits in basal complex are founded in the Western-Siberian 
platform in the Malouchkoe, Novoportovskoe, Rogozhnikovskoe fields.   One of the 
perspective objectives is reservoir of the crust of weathering. Original materials for the 
developing of the crust of the weathering are different igneous, sedimentary and 
metamorphic rocks. One of the factors of the oil deposits development is reservoir 
formed in the process of the hydrothermal processing of Paleozoic and Triassic rock 
mass.  
 
In Uvat region the crust of weathering are exposed by the fractured, comminuted 
mouldy rocks. The most perspective are reservoirs of the top part of slopes because 
the slopes top parts of local ledges of the basal complex are actively weathered. On 
the basis of the dynamic analysis zones of the decompaction rocks are defined in 
which the composition of basement can be most subject to crushing and the 
subsequent aeration.  
 
Using of the complex analysis of all available geophysical materials and the drilling 
data form a basis for drawing up of a geological map of the basal complex and 
distribution of the weakened zones of the top part of  the pre-Jurassic bases, and 
zones of the crust of weathering development. Gravitational and magnetic fields were 
used for interpolation between well spaces of distribution of structurally - composition 
complexes of the basal complex. 
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Strains Related to Normal Faulting: Mapping, Analysis and Elastic Modelling 
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Fault interactions involve the partitioning of displacement between mechanically 
coupled fault surfaces and the three-dimensional strain of the intervening volume.  We 
discuss an example from seismic reflection data from the Inner Moray Firth where,  in 
a series of left-stepping en-echelon normal faults,  the total vertical offset of a 
geological interface is partitioned between observed, discrete, fault offset and 
apparently continuous deformation (at least at the scale of observation).  The latter 
continuous deformation is manifested as rotation of the geological interface and is 
recorded by measuring apparent dip along a series of parallel transects (Long & Imber 
2010).   Maps of the apparent dip variation serve as semi-quantitative estimates of 
strain in the vicinity of the faults.  We use this pattern of faulting and discrete offsets to 
drive an elastic dislocation forward-model and examine the distribution of elastic 
displacements and strains in the volume.  Despite the obvious mechanical contrast 
between a homogeneous elastic continuum and a syn-rift sand shale sequence, there 
is a strong correspondence between the observation-based strains and the strains 
predicted by the elastic model.  This correspondence is particularly pronounced in the 
units above the fault tips where our elastic displacements recreate the seismically-
imaged monoclines. 
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Heterogeneous sandstone or „shaly sandstone‟ reservoirs have recently become the 
subject of increased focus in hydrocarbon exploration. Typically techniques such as 
AVO analysis and seismic inversion are used to map the extent of such fields, with 
petroacoustic models (a combination of petrophysical and rock physics models) 
required to translate between seismic and rock properties. It is therefore crucial to 
obtain well-constrained petroacoustic models for successful detection, mapping, and 
forward modelling of such subtle reservoirs; however there is currently no coherent 
strategy for constructing such models due to a number of complicating factors.  
 
The petrophysical interpretation of heterogeneous sandstone reservoirs is complicated 
by the unusual and often unpredictable effects of clay minerals and clay-sized particles 
on geophysical properties, such as electrical resistivity and acoustic velocity (travel 
time), which can result in significant underestimation of hydrocarbon volumes.  
 
Well established relationships between geophysical and reservoir properties (density, 
porosity, saturation, permeability) for „clean‟ sandstone reservoirs often yield 
unsatisfactory results when applied to „shaly sandstone‟ reservoirs. The current 
approach to this problem categorises clay distribution using techniques based more on 
the classic paper of Thomas and Stieber (1975) than current understanding of „shaly 
sand‟ sedimentology. Therefore our poor understanding of „shale‟ distribution within 
reservoirs, as well as the poor linkage between petrophysical and detailed 
sedimentological analyses compounds these issues. There exists a wide variety of 
acoustic models, however, comparatively few attempt to link the different rock textures 
to frame and elastic properties and questions persist about how best to calculate the 
bulk and shear moduli of the mixtures. There are also uncertainties regarding the 
introduction of fluids to sand/clay mixtures, which is typically done using Gassmann‟s 
(1951) relations; however the nature of heterogeneous sands violates a number of 
assumptions inherent in Gassmann‟s model particularly with regards to the rock being 
monomineralic with the total pore space in communication (Wang and Nur 1992).  
 
We investigate existing petroacoustic models for heterogeneous sands using existing 
data (core and downhole logs) and propose alternative models and strategies for 
predicting acoustic properties. The underlying hypothesis is that accurate prediction of 
velocity and density from acoustic models depends on the detailed distribution and 
nature of clay/silt particles and clay minerals in heterogeneous shaly sand formations.  
 
This research has important repercussions for both exploration and production 
scenarios. The potential benefits of this research is that improved understanding of the 
distribution and characteristics of fine grained particles and minerals in shaly 
sandstones may yield improved insight into the main factors affecting acoustic 
propagation. This in turn will provide better models describing these important 
reservoir formations, with corresponding improved ability to interpret seismic data in 
terms of reservoir parameters, including fluid saturations.  
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Quality Control of 3D Geological Model Based on Declastering of Initial Well 
Data 
 
Predein Alexander S, Zaboeva Alexandra A, Ltd Co “Tyumen Petroleum Research Center», 
TNK-BP 

 
Two last decades in geology are characterized by the rapid development of the 
geological modeling. Geological modeling and reservoir simulation help to solve a 
number of tasks: successful discovery and development of reserves, HC reserves 
calculation and as a result effective management. Particularly it concerns the deposits 
with complex geostructure, which are difficult to develop. Therefore the problem of 
analysis of geological model adequacy occurs. 
 
The process of generating geological model consists of some main stages - generation 
of conceptual model; generation of structural model; generation of lithological or facies 
model; generation of reservoir property model. The quality of each of these stages 
must be checked by the analysis of differential and integral characteristics [Zacrevskyi, 
2008]. It is necessary to mark, that the quality control must be a step-by-step process, 
as a process of generating a geologic model, this allows to decrease the number of 
errors at the following stages. 
 
The critical point is the quality control of lithofacies model, which is the base for further 
creation of reservoir property model and saturation model. There are some ways to 
check the lithofacies model, but firstly it is necessary to compare the vertical 
proportional curves (VPC), which is made on the initial well data and the lithofacies 
cube. With this comparison the similarity of VPC shape, cyclicity, presence of thin clay 
layers, values of net to gross (NTG) for each layers are controlled [Zacrevskyi, 2008]. 
Moreover, the difference of the NTG values in each layer is strongly fixed. But the 
estimation of reservoir volume by the well data is usually overrated, that may be 
explained by the data irregular distribution at the modeling area, as a result of different 
well areal density. Besides the stochastic methods of lithological modeling are based 
on the statistical interpolation method, which is called kriging. Kriging includes the 
algorithm ofde clastering the initial data. Declastering algorithm allows to add weight 
values to known points, increasing them for separate points, and decreasing the 
weight of the points having major density. The result of using this algorithm is strong 
visual difference between the model VPC and VPC by the initial well data. 
 
Under this condition it is impossible to make the quality control by comparing model 
and well VPC, which is necessary according to the expertise documents. The main aim 
of this research is to create the declastering VPC on the base of initial well data, which 
can be used as standard for quality control of VPC from lithofacies model. 
 
Methodology of creation of the common VPC is based on the principle of giving an 
equal weighting coefficient to every well, which is used for modeling. In this research 
we suggest the methodology of differential estimation of well influence to the model, on 
the base of well areal density. Therefore the resulting influence weight is used for 
creation the declastering VPC based on the initial well data. 
 
This methodology was tested on the 3D geological model of Lower Cretaceous 
sediments in one of the West Siberian oil fields. There are 280 wells at the modeling 
area. The wells are situated irregularly in the studied area (fig. 1). The lithofacies 
model was created on the base of initial well data and horizontal and vertical trends of 
NTG distribution. Comparison of the model VPC and VPC from the initial well data 
shows the bad convergence (fig. 2). With the help of the suggested methodology the 
influence weight of each well was estimated, and the declastering well VPC was 
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created. As shown in the fig. 2 the convergence of resulted VPC and model VPC is 
better than for initial and model ones. 
 

 
 

 
Suggested methodology allows to estimate sufficiently the quality of lithofacies model. 
Further on the authors are going to apply this methodology to reservoir property and 
saturation models. 
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Putting the Sub-Surface into the Cloud 
 
Masroor Rasheed, University of Manchester 
 

Subsurface datasets, whether raw data, derived attributes or model runs, are stored in 
multiple locations throughout E&P organizations and are often duplicated and of 
variable vintage. The process of loading and managing the data relies heavily on 
people and time. In addition to this the fact that the data is stored on multiple 
databases and in different formats requires much reworking of information and an 
inability to see the larger data picture or combine data from across operations and 
disciplines.  
 
One powerful solution is to use existing cloud computing technologies to allow 
collaboration and interoperability but this requires data integration, data management 
and computational performance to be successful. We suggest a common denominator 
that solves all these challenges. To date, most solutions have been focused on 
application integration or very domain-specific solutions which have resulted in 
massive data variety.  To move towards a homogenous environment, a methodology 
and framework is required that is audit-able and has metadata built in.  
 
The key features of any solution would require:  

1. A data structure that promotes the implementation of efficient algorithms: this 
requires a data structure that can be changed or derived to enhance the 
performance and usage of data. It becomes essential that subtype 
polymorphism is achievable by the super data type. 

2. A scalable data management system: most of the existing systems (designed 
for humans) works fine with small or medium size data but processing a large 
data set requires changes to the main procedure to accommodate. Small and 
medium data sets are good for basic analysis for individuals. Expanding to the 
complete set for an organization, it is essential that a data management system 
can not only scale work done by individuals but also for the organization.  

3. Data relationships are stored within the data - this includes all aspects of audit 
trail metadata as well as how the data came to exist, how it might have been 
derived and how it is re-used. The open data structure allows data 
maintenance and use over the long-term without proprietary data formats. 

4. Computational analysis attached to the data: Major slowness arises from data 
transfers that need to be carried out on specific machines. To completely 
eradicate this it would bring computational power directly to bear in the 
workflow.  

5. Open-source data structure: Allowing everyone to contribute and utilize 
subtype polymorphism is essential to create reusable subtypes and algorithms. 
Openness is crucial to better data stewardship through time, communication 
and collaboration.      

 
To meet this demanding need, the common denominator is a data structure which is 
referred as Spatial Registered Data Structure (SRDS). This article explains how the 
various challenges can be solved using this open source structure and how 
appropriate technology is utilized. 
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Industry funded research into deep water sedimentary environments is a major 
component of research partnerships at Aberdeen University. The Slopes 2 project is a 
research collaboration between various academic institutions, led by Aberdeen 
University, and 11 sponsors from the oil and gas industry. The emphasis of this 
partnership is to improve understanding of the controls, distribution and complexity of 
reservoir facies and geometries in continental slope settings, using a combination of 
field-based and modelling approaches, providing partners with new models for 
exploration, and production and development of existing deep water fields. These 
models complement those developed in the subsurface over the past decade. 
 
A major focus of our field-based activities is the study of deep water slope channel 
systems. The San Fernando system is a conglomeratic, deep water channel-levee 
complex well exposed in Canyon San Fernando, Baja California, Mexico. This Late 
Cretaceous channel system comprises five vertically stacked channel complex sets 
(sensu Sprague et al, 2002). The channel system is oblique to the slope, controlled by 
a contemporaneous fault, with levees preferentially developed on the NW (down-slope) 
side, and coarse-grained channel-fill sediments and intercalated heterolithic thin-
bedded sediments (internal levee and terrace deposits) pinching out rapidly against a 
bounding surface of hemipelagic slope sediments to the SE. 
 
A combination of field techniques (photomosaic interpretation, detailed GPS/GIS/Laser 
mapping, high resolution sedimentary logging and detailed lithofacies analysis) allows 
the large scale definition of channel complex sets, and the differentiation of axial and 
marginal portions of each channel complex set, showing significant architectural 
differences. Systematic vertical facies variation (a general fining and broadening-
upwards trend), consistent between each channel complex set, is present in each 
channel complex set. Image analysis of digital outcrop images is used to classify 
conglomerate lithofacies and generate comprehensive quantitative data on grain-size 
and fabric. Conglomerates classification is based on clast size distributions, 
organisation and proportion of matrix, with channel complex sets displaying systematic 
lateral and stratigraphic variations, related to variations on flow parameters. The 
vertical facies variation results from temporal changes in flow character and variation in 
the degree of erosional confinement of the system. The cut and fill of each channel 
complex set may correspond to a single 4th order cycle of sea level and/or climate. 
Trace fossil assemblages, and in particular ichnofabric analysis have been shown to 
be highly effective in differentiating the depositional environments of heterolithic 
sediments. These include overbank/terrace deposits, internal levees and the 
proximal/distal parts of the master-bounding levee. 
 
In order to relate these outcrop analogues to subsurface datasets, synthetic seismic 
sections have been generated for the San Fernando system. Spectral decomposition 
methods were used to detect the spectral characteristics of different architectural 
elements and lithofacies associations, which are typically below seismic resolution. 
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The geological model was constructed including different channel complex elements 
whose geometrical and lithological properties are based on direct field observations; 
the physical properties are adopted from different subsurface locations and a range of 
depths, with different pore fluids. The synthetic seismic sections are generated by finite 
difference forward modelling, and subsequently spectrally decomposed using matching 
pursuit decomposition. We believe this approach has the potential to improve the 
identification of subseismic architectural elements in conventional subsurface seismic 
data, thus enhancing reservoir prediction. 
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Gravity Signatures of the Deep-Water Reservoirs of Offshore Nigeria, West 
Africa. 

 
Adepelumi. A. A, Folarin, O. O, Department of Geology, Obafemi Awolowo University, Ile-Ife, 
Nigeria 

 

Offshore Niger Delta, Nigeria, displays a variety of structures, tectonic styles and 
sedimentary records and hydrocarbon plays. These plays are found both to the east 
and west of the deep offshore. It is better developed in the east than in the west. Its 
deepwater realm has been the site of the most significant oil and gas discoveries in the 
last two decades. The deep offshore Niger delta starts from a water depth of 200 m 
and it is divided into four structural belts. Most of the deepwater reservoirs are 
constrained structurally by massive shale diapirs.  
 
In order to obtain information on the structural styles of the deep-water offshore of 
Nigeria, and its relationship to hydrocarbon accumulation and migration ; one hundred 
satellite-gravity data  were processed by applying latitude, free-air, elevation and 
bouguer corrections. The resulting Bouguer gravity anomaly were modelled using 
quasi-3D gravity models constrained by apriori information derived from the 3D seismic 
surveys and formation densities from well data. Forward modelling approach was 
adopted in calculating the gravity anomalies over a model of assumed mass 
distribution. The models that represent the geology of the basin were obtained when 
satisfactory approximation between the calculated and observed gravity fields for the 
basin was achieved.  
 
Furthermore spectral analyses method was applied to the Bouguer anomaly. The 
anomaly depth was obtained by computing least-squares fit to the lowest frequency 
segment for the azimuthally averaged log power spectrum. The processed satellite-
gravity data showed a central negative anomaly having an average of -35 mgal 
amplitude characterizing the survey area. The results obtained from the gravity 
modelling provided valuable insight into the stratigraphy, geology and geometry of the 
shale diapirs, found in the basin. The gravity anomalies observed are possibly caused 
by lateral density contrasts within the basin. It also provides information on the 
migration and the possible density-velocity model that could be used in re-processing 
the existing seismic data.  
 
Also a better understanding of the regional structure was gained. Spectral analyses 
indicate that basement is at a depth of about 3 km in the basin. A good correlation 
between the quasi-3D modelling and spectral analysis suggest that gravity data is 
useful in resolving and estimating the regional structure and the tectonic setting of the 
offshore basin. The structural style obtained from this study using modelling and 
spectral analyses approaches are comparable. This enhances our confidence in the 
modelling result. 
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The Tolfa-Cerite volcanic district developed along the Tyrrhenian passive margin of 
central Italy, as part of magmatic processes started during the middle Pliocene. In this 
area the uncertainties on the deep crustal structures and the definition of the intrusive 
bodies geometry are focal issues that still need to be addressed. After the onset of the 
spreading of the Tyrrhenian sea during the Late Miocene, the emplacement of the 
intrusive bodies of the Tolfa and Ceriti complexes, in a general back-arc geodynamical 
regime, generally occurred in a low stretching rate, in correspondence of the junctions 
between major lithospheric discontinuities. Normal faults, located at the edge of Mio- 
Pliocene basins, were used as preferential pathways for the rising of magmatic 
masses from the mantle to the surface. 
 
We used teleseismic recordings at the TOLF and MAON broad band station of the 
INGV seismic network (located between the Argentario promontory and Tolfa-Ceriti 
dome complexes) to image the principal seismic velocity discontinuities by receiver 
function analysis (RF's). Together with RF‟s velocity models of the area computed 
using the teleseismic events recorded by a temporary network of eight stations 
deployed around the Tolfa domes complex, we achieve a general crustal model of this 
area. 
 
The geometry of the seismic network has been defined to focus on the crustal 
structure beneath the Tolfa complex, trying to define the main velocity changes 
attributable to the calcareous basal complex, the deep metamorphic basement and the 
Moho. The analysis of these data show the Moho at a depth of 23 km and an 
unexpected velocity decrease between 12 and 18 km underneath the Tolfa domes 
complex, consistent with a slight dropdown of the Vp/Vs ratio, and imputable to the 
regional thermal anomaly induced by the opening of the Tyrrhenian sea. Above this 
low Vs layer, we find some interesting features corresponding to: 

‐ a low Vs shallow and 2 km thick layer of Liguride and Plio-Pleistocene units (z 

= 0-2 km of depth) 
‐ a high Vs 4-5 km thick anisotropic layer of limestones (z = 2-7 km of depth) 

‐ a very high Vs (3.8 km/s) 4 km thick layer probably corresponding to the 

metamorphic basement. 
 
The analysis of the geometry of the velocity changes between these layers (from the 
surface to the bottom of metamorphic basement), also yield evidence of crustal block 
tilting, due to the development of the eastern continental passive margin of the 
Tyrrhenian sea. Comparison of RF‟s Tolfa domes complex models with MAON station 
data also led to important considerations confirming the initial evolutive phase of the 
Tyrrhenian sea opening, in association with the first occurrences of intrusive 
magmatism in these areas. 
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The Stratigraphic Evolution of a Salt-Influenced Rift System: The Middle-Upper 
Jurassic of the Halten Terrace, Offshore Mid-Norway 
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Recent research into the tectono-stratigraphic development of rift systems has mostly 
concentrated in regions where extension occurs within brittle basement; however, the 
presence of an intra-stratal salt detachment will profoundly influence the development 
of fault systems and, consequently, the syn-rift stratigraphic response. Therefore, pre-
existing models may not be applicable to areas such as the Halten Terrace, offshore 
Mid-Norway, where extension occurred in the presence of two ~ 400 m thick Triassic 
salt layers. 
 
Jurassic faults on Halten Terrace are characterised by two distinct populations; (i) a 
NE-SW-striking group which are predominantly confined to the sub-salt strata and (ii) a 
N-S-striking group which are developed in the cover and detach downwards into the 
salt. Sediment thickness (isochron) mapping allows the temporal evolution of the rift-
related fault systems to be constrained. An important result is that the topographic 
expression of the sub-salt faults may have been subtle during the early phases of 
rifting due to displacement being accommodated by movement of the salt leading to 
formation of broad, low-relief monoclines in the cover succession. Continued extension 
led to fault breaching, and the formation of through-going fault planes and at-surface 
fault scarps. Such an evolutionary history had a profound effect on syn-rift 
sedimentation, with relatively rapid linkage of fault segments restricting the number of 
sediment entry points at segment boundaries with sediment supply due to degradation 
of rapidly growing footwall scarps. 
 
The syn-rift Upper Jurassic succession is dominated by deep-water claystones of the 
Melke and Spekk formations, but isolated sandstones have been also encountered. 
These sands are located adjacent to present-day fault scarps, and are thought to be 
predominantly derived from local degradation of Jurassic Garn Formation sandstones. 
Spectacular channelized footwall erosion systems have been imaged, the size and 
orientation of which were directly influenced by fault growth and linkage during the syn-
rift and rift-climax phase. These local drainage catchments fed the majority of the 
hangingwall depocentres, with regional-scale and/or antecedent sediment supply not 
thought to be important during the rift-climax, in this part of Halten Terrace. 
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Tectonostratigraphic Evolution of the Exmouth Sub-Basin, NW Shelf, Western 
Australia 
 
S. Jitmahantakul, K. R. McClay Fault Dynamics Research Group, Royal Holloway 
University of London, Egham, Surrey TW20 0EX, UK 
 
The Exmouth Sub-basin is a Mesozoic depocentre located on the North West Shelf of 
the Australian passive continental margin.  The evolution of the Exmouth Sub-basin 
resulted from the last phase of the Gondwana break-up that commenced in the Late 
Triassic.  Multiple phases of rifting and inversion caused reactivation of the basin-
bounding faults with the resultant structures considered to be potential structural 
hydrocarbon traps.  This research project aims to investigate the structural evolution of 
the Exmouth Sub-basin in order to determine the development of the spectacular fault 
systems and the timing of fault reactivations.  Detailed analysis of fault architecture on 
the western margin of the Exmouth Sub-basin using 3D seismic data provided by 
Geoscience Australia presents an understanding of structural evolution of the Exmouth 
Sub-basin since Late Triassic to Recent.  The results indicate two separate rift events 
that formed the northeast trending elongate Mesozoic depocentre.  The first rift event 
is characterized by north to northeast trending extensional faults and was controlled by 
pre-existing basement fabrics.  An overlapping en-echelon array of fault segments 
indicates an oblique east-west extension, which dominated during the Rhaetian to 
Callovian.  This phase of basin development was followed by post-rift subsidence, 
starting in the Oxfordian and later inversion occurred during Oxfordian to Tithonian.  
The second phase of rifting occurred in the Berriasian with northwest extension and 
was associated with development of northeast trending domino-style fault systems 
offsetting the Berriasian fluvial deltaic succession, which is a major reservoir formation.  
Rifting was terminated by a Valanginian age contraction related to ridge push 
associated with Cuvier and Gascoyne seafloor spreading.  This northwest inversion 
event ceased in the Aptian and was followed by the widespread Cenozoic post-rift 
thermal subsidence.  Significant northwest shortening during the Neogene potentially 
promoted breaching of inversion anticlinal traps developed by northeast trending 
reactivated faults. 
  
This research project is part of a RHUL - Geoscience Australia research collaboration. 
Schlumberger is thanked for providing GeoFrame software. 
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A Proposed Mechanism for the Evolution of a Complex Mesozoic Graben in the 
Guinevere Field, Southern North Sea 
 
Aji Kyari, Chris Elders, Department of Earth Sciences, Royal Holloway University of London, 
Egham,Surrey TW20 0EX,UK 

     
The Southern North Sea is characterized by the presence of complex fault bounded 
Mesozoic grabens. The unique feature of these grabens is the presence of Lower 
Triassic Seperation Zones (LTSZ), which are characterized by the absence of the 
shale and sandstones of the Bunter Group. This study proposes a model for the 
evolution of this structural feature. The mechanism involves an early listrict extensional 
fault detaching at Permian Zechstein level and a later one detaching at the Triassic 
Haisborough level. These events probably took place during the Triassic and Jurassic 
extension that affected the region. The model suggests extensional faulting and salt 
tectonics as mechanism responsible for the formation of this graben, with the 
Haisborough and Zechstein salt acting as the main detachment layers. 
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Sequence Stratigraphy of JV1 Productive Horizon in Bakhilovskoye and 
Verkhne-Kolik-Yoganskoye Fields 

 
A.N. Fishchenko, K.V. Zverev, Tyumen Petroleum Research Center, LLC 

 
JV1 is the main oil-productive horizon in Vassyugan Suite within the area of 
Bakhilovskoye and Verkhne-Kolik-Yoganskoye fields, and includes three productive 
units: JV1

1, JV1
2, JV1

3. The horizon is of heterogenious structure and characterized by 
great lateral variability associated with its polyfacies nature. Attraction of 
sedimentological studies and sequence stratigraphical analysis allowed the refinement 
of the horizon depositional history which significantly facilitated its correlation across 
the area under study. With the sequence stratigraphic approach applied, logging data 
from 270 wells of Bakhilovskaya, Verkhne-Kolik-Yoganskaya, and Suslikovskaya areas 
was examined with using core material from 15 wells (circa 350 m).    
 
During the early and mid-Jurassic time the central part of the West-Siberian 
sedimentary basin was a low depositional continental plain periodically flooded by the 
sea, where alluvial and lacustrine-bog deposits were formed with thin interbeds of 
marginal-marine genesis. At the end of mid- and beginning of late Jurassic the short-
time episodes of marine transgressions were replaced by more spacious 
transgressions encompassing larger areas of West Siberia. The existing low velocities 
of basin floor subsidence at that time restricted in no small degree the accommodation 
potential, which, along with the low flat relief of the continental plain, contributed to the 
formation of incised valley systems, even at insignificant sea level fall. It resulted in the 
accumulation of predominantly thinner sediments (30-50 m thick) characterized by 
considerable heterogeneity and complex facies interplay of shallow-marine, 
continental, and coastal deposits which recorded the sequence of transgression-
regression events. All these conditions in full measure manifested themselves during 
the formation of upper Jurassic intervals of JV1 horizon in the section of Bakhilovskaya 
and Verkhne-Kolik-Yoganskaya areas, where traces of local and regional erosions can 
be mapped at various stratigraphic levels of JV1 architecture. Regional erosions can 
be picked on well logs and core data in the area of both areas and are apparently of 
wider areal distribution.       
      
Deposits of three sedimentary sequences have been identified and traced over the 
area of the fields within JV1 units. Typical systems tracts, incised valley complexes 
and flooding surfaces have been identified.  
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Characterization of Permo-Triassic Fluvial Analogues from the Central Iberian 
Basin, Spain: Implications for Application to the Subsurface 
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The exploitation of fluvial subsurface reservoirs has grown over the last decade in part 
due to the ever increasing demand for hydrocarbons and due to our improving 
knowledge of complex fluvial reservoirs. Improving the understanding of the controls 
that lead to the dynamic deposition of fluvial sediments is key to building non-marine 
sequence stratigraphic and reservoir models.  However, challenges have been faced 
in determining the classification of fluvial deposits.  The dynamic nature of such 
deposits and lack of correlatable surfaces makes distinguishing suitable patterns 
unclear both laterally and temporally. 
 
The field area focuses on the CIB, an intracratonic rift basin in central-eastern Spain 
that developed in Early Permian times (Sánchez-Moya et al. 1996).  It provides 
excellent syn-rift Upper Permian to Middle Triassic continental fluvial red beds to study. 
The red beds were deposited in once tectonically active half-grabens with episodically 
changing rates of basin floor subsidence.  Fluvial sedimentation during this time took 
place in coexisting braided and meandering channels together with ephemeral 
episodes. The considerable vertical and lateral extent of the synrift sediments provides 
one of the closest available analogues to the main Triassic producing sequences in the 
Skagerrak Formation of the East Central Graben, North Sea.  The interbedding of 
fluvial channel sandstones, floodplain and palaeosols facies compares favourably with 
logged sections in the Skagerrak sandstone members and therefore provides the 
opportunity to extend interpretations away from the one dimensional aspect of the 
borehole in order to gain an appreciation of three dimensional reservoir heterogeneity, 
net-to-gross relationships and correlation. 
 
A key aim of this research is to establish how the complex interactions of allocyclic and 
autocyclic controls influence the architecture within the basin.  Methods that have been 
utilised to achieve this are terrestrial laser scanning (LIDAR), chemostratigraphy, 
extensive field work, digital photography and petrography.  These have helped define 
parameters such as permeability, W:T ratios and stacking patterns, all of which can be 
integrated with wire line and well core datasets to improve reservoir models. 
 
This paper will focus on presenting a new method for the characterization of fluvial 
sand body shapes.  We want to move away from the qualitative classification of sand 
bodies into two end members of „ribbon‟ and „sheet‟ to a spectrum based quantitative 
classification.  Current methods include calculating the W:T ratio, however this still 
leads to choosing a boundary between if something is „sheet-like‟ or „ribbon-like‟ and 
there can be overlap between the values (e.g. Gibling, 2006).  There still remains a 
problem in defining two sand bodies if they have the same W:T ratio but have different 
cross sectional shapes.  Over or underestimating the cross-sectional area of a 
sandbody can have significant implications for hydrocarbon volume predictions from 
reservoir models.  Our new method defines the sandbody by calculating the 
roundness, compactness and convexity of the shape.  These numerical parameters 
are unique to each shape even in cases where they have the same W:T ratio.  This 
classification by quantification removes the subjectivity of qualitative descriptions and 
can improve the integration of analogue data to subsurface models.  
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Sedimentology and Sequence Stratigraphy of the Sognefjord Formation (Late 
Callovian – Late Oxfordian), Troll Area, Norwegian North Sea 
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This work presents the initial findings of a research project investigating the link 
between the stratigraphic architecture of shallow marine deltaic deposits and coeval 
deep marine gravity flows. The available dataset includes 3D seismic and well (e.g. 
core, wireline logs, biostratigraphy) data from the Troll and Fram fields, northern Horda 
Platform, offshore Norway. 
 
The Late Callovian to Late Oxfordian Sognefjord Formation is a northeast-to-southwest 
prograding clastic wedge, which is up to 200 m thick in proximal areas in the east and 
thins basinwards eventually pinching out to the west. Core logging of six wells 
penetrating this formation in the Troll West and East areas indicate that the unit is 
composed of a series of 10-40 m thick, coarsening/shallowing-upwards packages 
(parasequences). These are bounded by well-developed marine flooding surfaces, 
commonly associated with lags that record transgressive ravinement. The 
parasequence stacking pattern reflects overall progradation of the clastic wedge. The 
lower part of the Sognefjord Formation comprises mainly storm-dominated shoreface 
facies, whereas the upper part is composed of mainly tide-influenced shoreface, 
channel, mouth bar and embayment deposits. The Sognefjord Formation becomes 
progressively finer-grained, better sorted and more distal in character from northeast to 
southwest, indicating that the main source area lay to the northeast. Moreover, wells 
located between Troll and Fram fields reveal a range of deposits suggesting an 
increase in water depth onto a fault-controlled deep-water slope. 
 
Future work will focus on: (1) integration of 3D seismic data, allowing quantitative 
characterisation of shoreline trajectory and geomorphology, and (2) utilisation of 
biostratigraphic data to constrain timing and style of sand delivery from the “Troll delta” 
to the deeper-water, gravity flow-dominated depositional systems located further 
basinward (Fram area). 
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A Tectonic Model for Faulting, Crustal Thinning, and the Development of 
Asymmetric Non-Volcanic Rifted Margins. 
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During initial phases of continental extension the lithosphere thins and subsides 
creating sedimentary basins. If extension progresses to break-up, the split and greatly-
thinned plates subside deep below sea level to form a conjugate pair of rifted margins. 
Many continental margins exhibit little evidence for magmatism during rifting, and are 
commonly known as „non-volcanic‟ (NVMs). While such margins are ubiquitous, the 
tectonic evolution from a low basin to a highly-stretched continental margin are widely 
debated. A commonly recognized paradox is that -in cross section- one margin 
displays gradual crustal thinning and pervasive faulting, whereas the conjugate 
displays far abrupter thinning but little faulting. Attempts to explain this asymmetry 
have invoked simple shear extension during most of the rifting along crustal- or 
lithospheric- scale detachment faults. However, potential detachment faults have only 
been seismically imaged near the continent-ocean transition of some margins where 
the crust had already been extremely thinned to < ~6 km thick. Thus, those inferred 
detachments cannot explain the large-scale asymmetry of conjugate margins. A 
second often cited paradox, for both conjugate margins, is the discrepancy between a 
seemingly small extension created by faulting (measured as horizontal stretching) 
compared to a greater crustal thinning (measured thinning factor). Invoked 
explanations range from rheologically-controlled depth dependent stretching to 
superposition of hypothesized multiple phases of extension. Here we use new depth 
migrated seismic images to accurately calculate fault extension and compare it to 
measured crustal thinning on the West-Iberia/Newfoundland conjugate margins. The 
observations are used to create a balanced kinematic model of rifting that solves the 
extension paradox by producing fault-controlled crustal thinning that progresses from a 
rift basin to the asymmetric structure and extreme thinning of conjugate rifted margins. 
Contrary to current wisdom, the observations support that thinning is to a first degree 
explained by simple Andersonian faulting that is unambiguously discernible with 
seismic data.  
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Mapping Overpressure Distributions within the Palaeogene of the Central North 
Sea  
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Introduction 
Dewatering through high permeability sand units is common within the overpressured 
North Sea Basin and can lead to hydrodynamic flow and consequently tilted 
hydrocarbon contacts, as seen in the Pierce Field (Dennis et al. 2000). If not identified, 
tilted hydrocarbon contacts can significantly impact estimates of reserves; hence it is 
important for explorationists to fully understand both the regional and local pressure 
variations which can occur across a basin/field, together with the direction and rates of 
flow along hydrodynamic pathways.  
 
The Central North Sea 
Tilted hydrocarbon contacts have been interpreted in numerous Palaeocene fields in 
the Central North Sea region, and it is generally accepted that the laterally extensive 
and continuous submarine fan sandstones of Palaeocene age form drainage pathways 
for fluids. The direction of hydrodynamic flow is SE–NW regionally across the basin, 
from an area of higher overpressure in the Central Graben to near normal pressures at 
the basin margin in the Moray Firth, where the fan sandstones subcrop beneath 
Quaternary glacial sediments (Figure 1). Although previous work has been carried out 
on the pressure distribution within the Palaeocene as a whole, treating the fan 
sandstones as a single unit, little time has been spent examining in detail the pressure 
distributions within each of the individual Palaeocene and Eocene sand units. Here 
such work has been carried out with the aims of identifying the flow pathways within 
each unit and better understanding the connectivity between them. 
 
 
 
 
 
 
  
 
 
 
 
Mapping Overpressure Distribution 
Pressure data have been analysed for over 350 wells situated within the Central North 
Sea region (Figure 2). Each overpressure value has been assigned to the Palaeogene 
reservoir unit in which it was recorded, using the lithostratigraphic framework of Knox 
and Holloway (1992). The principal reservoir units examined are the Eocene Tay and 
Caran sandstone members and the Palaeocene Forties Sandstone Member, Mey 
Sandstone Member and Maureen Formation. 

 
 

 

Figure 1 – Lateral drainage 
occurs along the Palaeocene 
fan sediments which are 
laterally continuous and subcrop 
beneath glacial sediments in the 
Moray Firth. (Dennis et al. 2000) 
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Figure 2 – Central North Sea study 
area and distribution of Palaeocene and 
Eocene fan sands. 

 

 
 

Distribution of overpressure has been 
mapped for each of these major sand 
units, allowing examination of the 
drainage pathways within each unit 
and of the connectivity between them. 
Of specific interest is the relationship 
between the laterally extensive 
Palaeocene fan sandstones and the 
smaller, marginally restricted Eocene 
sands which are known, at least in 
part, to be injectites (Figure 2).  
Preliminary analysis of the 
overpressure maps support the notion 
of lateral drainage through the 
Palaeocene reservoirs (Figure 3) with 
values of overpressure decreasing to 
the NW. Where the sands are thinnest 
and deepest in the SE, overpressure is 
in excess of 2000 psi, decreasing to   

near normal pressures north-westwards.  
 

The smaller Eocene sand units are weakly overpressured with similar amounts of 
overpressure to the Forties fan sandstones. There are indications that the Caran sand 
drains into the Forties sand. By contrast, there appears to be lateral drainage of the 
Tay sand westwards.  Over a substantial area in Quadrant 21, overpressures in the 
Tay and Forties sands are very similar. This observation suggests excellent 
connectivity, but the difference in overpressure is so small that it has not been possible 
to determine whether fluids drain upwards from the Forties sand or downwards from 
the Tay sand.  

 

Figure 3 – Overpressure map 
generated for the Forties 
Sandstone Member (the 
shallowest fan sand within the 
Palaeocene). In the deeper 
distal parts of fan, overpressure 
values are in excess of 1400 
psi. Values decrease north 
westerly to near normal 
pressures. There is rapid 
decline where contours are 
tightly spaced (around UK 
Quadrants 23 and 30). The 
narrow lobe of lower 
overpressure, orientated N-S at 
the southern end of Quadrant 
22, may be a result of better 
drainage along a  channel 
feature within the fan,  where 
the sandstone is more 
permeable.  
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Comparison of Structural Styles and Hydrocarbon Potential between the 
Mexican Ridges and Perdido Fold Belts, North-Western Gulf of Mexico. 
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The deep water sector in the north-western Gulf of Mexico is a frontier area with direct 
evidence of a great hydrocarbon potential (e. g. seismic anomalies and multiple sea-
floor seeps). It is related to a wide variety of structural styles formed by Tertiary gravity 
spreading processes affecting the passive margin. The extensional movement on 
coastal plains, and offshore on the continental and upper slopes is accommodated 
downdip by compression developing a regional linked system. As a result, major 
tectonic-structural contractional provinces evolved in the deep waters areas. 
 
These contractional systems are the Mexican Ridges fold belt, covering all of the 
western slope of the basin; and the Perdido fold belt, located in ultra deep waters 
around the Mexican and USA international median line. Formation mechanisms and 
resulting structural geometries in both fold belts are being analysed to understand their 
evolution and the associated petroleum systems using recently acquired 2D and 3D 
regional seismic data. 
 
The Mexican Ridges fold belt is a N-S trending Tertiary system that detaches on 
Eocene overpressured shales which consists of growth symmetric and asymmetric 
detachment folds related to break-thrust faulting. According to geological and 
geophysical seismic evidence, deformation started in the middle Miocene and 
continues to the present time. The Perdido fold belt on the other hand, has a NE-SW 
contractional trend related to salt-cored detachment folds and break-thrust faults. This 
contractional system formed over autochthonous Jurassic salt that acted as a 
detachment level during the late Oligocene to the late Miocene period, and involves a 
thick sedimentary column from Jurassic to Tertiary layers. These differences are 
illustrated through cross sections, and a regional seismic line linking both contractional 
systems. 
 
Although both fold belts have a similar origin, there are notable differences in structural 
styles associated with the mechanism of folding related to salt or shale tectonics (or 
both), in areas of juxtaposed or transitional structural styles. Therefore, a comparative 
structural analysis and detailed seismic interpretation have been made in order to 
explain geological differences in geometry, detachment levels, faulting and growth 
geometries, and evolution. This will enable the recognition of the main structural 
controls on potential hydrocarbon traps in each province. 
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2D And 3D Seismic Analysis of Slump and Slide Complexes - Passive Margin of 
Namibia, SW Africa 
 
N. Scarselli, K. R. McClay, C. Elders, Fault Dynamics Research Group, Royal Holloway 
University of London, Egham, Surrey  TW20 0EX,  UK 
 

The gravitational failure of thick post-rift successions is a common and yet poorly 
understood mode of deformation shaping the architecture of many passive margins. 
Collapse has been commonly ascribed to slope instability generated by a combination 
of margin uplift and high sedimentation rates on the shelf.  This work presents a case 
study of gravity-driven deformation in the Cretaceous post-rift succession of the 
passive margin of Namibia, south west coast of Africa.  The research is based on the 
analysis of a vast array of regional 2D depth-converted seismic lines and an extensive, 
recently acquired, 3D depth-migrated seismic survey.  The seismic surveys cover 
some 100˙000 km2 of the outer-shelf to inner-slope portion of the margin.  The 
outcome of the study shows that during the Late Cretaceous the Namibian margin 
experienced multiple phases of gravitational collapse resulting in a wide spectrum of 
gravity-driven structures, from large-scale, deep-rooted slides to shallow slump 
complexes.  The slide complexes can reach a thickness up to 2 km and are laterally 
segmented into tens of kilometres wide mega-slides.  These mega-slides are 
characterised by scoop-shaped headwall normal faults linked to a down dip fold and 
thrust belt via a deep detachment.  In contrast, the slump complexes involve up to 
hundreds of metres of section and are characterised by a highly disrupted to chaotic 
seismic facies indicating a complex internal structural architecture.  3D seismic 
attribute extractions within the slump complexes reveal a wide range of structures, 
such as lateral shear surfaces bounding discrete segments of failure, km-wide 
transported blocks evacuated by complex head-scarps, as well as imbrications at the 
toes of the slumps.  The diverse structural styles of gravity-driven deformation in the 
Namibian margin can serve as guides to the variety of structural styles of passive 
margin collapse worldwide. 
 
The 3D depth-migrated dataset was kindly provided by BHP Billiton.  CGG Veritas are 
thanked for providing the regional 2D dataset.  Halliburton are thanked for providing 
the interpretation software (SeisWorks®, PowerView® and GeoProbe®). dGB Earth 
Sciences are thanked for providing the seismic attributes tools (OpendTect and Dip-
Steering plug-in). 
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Evolution of Fault-Related-Folds in the West Niger Delta Fold Belt 
 
B. M. Tulbah, Saudi Aramco Sponsored Student 
K. R. McClay, Fault Dynamics Research Group, Royal Holloway University of London, Egham, 
Surrey  TW20 0EX,  UK 
 

The Niger Delta is a prolific petroleum province located in the Gulf of Guinea, West 
coast of Africa. The delta is a shale-detached gravity-driven system. The aim of the 
study is to construct a 4D evolutionary model of the fault-related-folds in the outer fold 
and thrust belt of the offshore western Niger Delta in order to investigate the folding 
mechanism and the development of fault and fracture systems. Key pre- and syn-
kinematic units have been mapped across the study area.  Attribute extractions have 
been used to show fault and fracture systems that occur along the fold crest and 
flanks.  Two main fault-related-folds (fold A and fold B) are found in the area. Fold A is 
a forward verging (SW) ~30km long by ~6km wide fold associated with a single thrust 
fault.  This fold is still active to the Present Day and creates a relief of more than 400m 
at the seabed.  Fold B is ~24km long by ~3km wide and has ceased growth activity 
and is buried under at least ~560m of sediment.  This fold is a combination of three 
folds that amalgamated into a single structure; the two outer folds are forward SW 
vergent, and the middle fold is backward (NE) vergent.  The folds show frontal limb 
trishear zones as well as fanning syn-kinematic growth stratal architectures.  In detail a 
low-amplitude anticline occurs in the lower section of the footwall beneath the thrust 
fault surface and in some sections a backward vergent thrust fault forms in the footwall 
creating a wedge thrust system.  The two large anticlines are detachment folds that 
have evolved into fault-related-folds.  Initial deformation generated contractional strains 
at the detachment level forming low-amplitude detachment folds with thickening of the 
fold core.  Subsequent deformation during continued sedimentation over the initial 
detachment fold produced faulting above the detachment such that the initial fold 
evolved into a shear-fault-bend fold geometry with the break-thrust propagating both 
up and down section towards the detachment.  With continued displacement on the 
thrust fault systems the folds evolved into fault-propagation folds with rotated front 
limbs giving tri-shear geometries.  Fold B was covered by continued syn-kinematic 
sedimentation such that the complete fold geometry was preserved whereas fold A 
became emergent such that the front limb collapsed due to near surface mass wasting 
driven by slop failure. 
 
CGGVertias is thanked for providing the 2D and 3D seismic dataset. Haliburton is also 
thanked for providing Landmark Openworks software via a Landmark-university 
collaboration.   
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A Lesson Learned from an Outcropping Fractured Carbonate Reservoir, the 
Roman Valley Quarry (Majella Mt., Central Italy) 
 
Agosta Fabrizio, Tondi Emanuele, Geology Division, School of Science and Technology, 
University of Camerino, 62032, Camerino, MC, Italy 
 

In the last few years, many structural geologists have drawn their attention on faulted 
and fractured carbonate rocks. Their work, generally financially supported by the 
private industry, aimed to a gain a new knowledge on the physical, mechanical and 
hydraulic properties of deformed carbonates in order to develop new strategies for oil 
and gas recovery from fractured carbonate reservoirs. In the wake of this recent work, 
excellent outcrops located within a hydrocarbon-rich quarry allowed us to study the 
deformation mechanisms, internal architecture, petrophysical and fluid flow properties 
of oblique-slip normal faults in shallow-water carbonates (Majella Mt., central Italy). By 
combining large-scale geological mapping with detailed qualitative and quantitative 
analyses of the individual fault-related structural elements, we are able to assess: (i) 
the processes of fault initiation and growth within the Oligo-Miocene layered carbonate 
rocks, (ii) the multi-scale distribution of individual fracture sets pertaining to either host 
rocks and/or fault zones, and (iii) the role played by faults of various lengths and 
offsets and fractures in hydrocarbon migrations and accumulation. 
 
In order to convert this knowledge into predictive modeling tools, which would help to 
optimize the oil and gas recovery from fractured carbonate reservoirs, we integrate the 
aforementioned field-based data with those obtained from drilling of an outcropping 
hydrocarbon-bearing, 40m throw, oblique-slip normal fault. By analysing the well cores 
and logs, we show that both matrix (primary) and fracture (secondary) porosities can 
be computed from subsurface data. We first measure primary porosity from the cores, 
and then find empirical relationships between secondary porosity and geophysical data 
(P- and S-wave velocities, resistivity). By combining these results with those computed 
after statistical analyses of the control exerted by individual fracture characteristics 
(orientation, length, spacing, spread, anisotropy, aperture, connectivity) on 
hydrocarbon distribution, we propose some practical solutions to model the fluid flow 
through fault damage zones in shallow-water carbonate rocks. 
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A re-interpretation of available seismic reflection surveys dataset in an off-shore study 
area has been performed to focus on its structural setting and to identify potential 
geological structures for CO2 injection. 
 
The stratigraphic succession of this area is constrained by a deep well, and is 
characterized by a sedimentary succession of terrigenous marine units resting above a 
marly-sandy-calcarenitic succession, which is tectonically superimposed above 
calcareous units and evaporites. Seismic reflection data interpretation show that this 
area was affected by several deformational stages, which caused firstly the formation 
of compressional (thrusts, back-thrusts and fold structures) and then extensional 
features (horst, graben and half-graben structures, bordered by normal faults). 
 
This tectonic stages isolated volumes or rocks that could be considered as structural 
traps potentially suitable for geological storage of CO2. Both compressional (anticlines 
and thrust-related anticlines) and positive extensional structures (horst) could be 
targets of this research. The marly-sandy-calcarenitic succession (and the terrigenous 
marine units above it) can be considered as cap-rock, whereas calcareous fractured 
formations (hosting a regional deep aquifer) can be considered as reservoirs. 
 
The original raster seismic reflection data have been transformed into SEG-Y vectorial 
data format. The SEG-Y files were loaded in a digital database and a tri-dimensional 
reconstruction of the structural setting of the area has been accomplished via 
dedicated softwares. The interpretation was carried out through manual picking of the 
relevant seismic horizons and discontinuities. Principal surfaces of top cap-rock and 
top reservoir units have been computed taking into account normal faults and thrusts 
surfaces geometry, also reconstructed. The reconstruction of top reservoir surface 
have been checked via cross correlation between units signals on seismic lines (in ms 
two way time) and the analogue measured thickness in the well stratigraphy (in 
meters). 
 
This workflow allowed to identify and map a positive reservoir trap structure completely 
surrounded by cap-rock lithologies. 
 
A depth conversion from time (twt ms) to depth (meters below sea level) of all the 
computed surfaces have been then performed by construction of isopachs maps for 
each seismic units, even referring to the geological literature on rocks seismic 
velocities. 
 
This methodology led to the reconstruction of a reliable tri-dimensional geometry of the 
reservoir potentially suitable for CO2 injection. Moreover, this process also allowed the 
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calculation of the trap volume. After this process, a modelling and simulation of the 
CO2 behaviour in the reservoir after injection have been performed, considering the 
fluid flux through the pore, volume of the reservoir, the injected gas composition and 
the petrophysical properties of the reservoir rocks. 
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Increasing anthropogenic emissions of carbon dioxide have been directly linked to 
global warming.  The UK government aims to reduce these carbon dioxide emissions 
by at least 50% by 2050.  Carbon capture and storage is a promising new technology 
to mitigate some of the effects of carbon dioxide on climate. 
 
The Hewett Unit, Southern North Sea, has been identified as a potential carbon 
storage site.  It is a depleted gas field, therefore has a proven hydrocarbon seal, 
although was never filled to spill.  It is situated on the UK continental shelf, 16 miles NE 
of Bacton, Norfolk.  E.On has planned to capture CO2 at its Kingsnorth, Tilbury and 
other nearby power stations within the Thames and Medway estuaries.  The CO2 will 
be transported via pipeline, some 270 miles to the Hewett Gas Field. 
 
3D seismic and borehole data have been used to assess the suitability of the site for 
carbon storage and identify any potential high risk zones.  Badley Geoscience's 
Traptester was used during interpretation of the seismic data to investigate the 
structural features in more detail.  In particular, the fault sealing capabilities of the 
system were examined. 
 
The Hewett Field, one of the main fields within the Hewett Unit identified for carbon 
storage, is a trap within the Triassic Bunter Sandstone Formation.  The field is 
predominantly dip-closed on all sides, except on its most north-eastern flank where it is 
closed by the North Hewett Fault.  This fault is considered to be the most important to 
analyse in order to understand the intricacies of fluid flow within the system.  
Production data has confirmed that pressure communication exists between the 
Hewett Field and the neighbouring Little Dotty Field, probably across the North Hewett 
Fault.  Fault seal analysis has identified potential leak points across the North Hewett 
Fault that could allow for fluid flow, a finding that is consistent with the observed 
pressure communication.  A key aim of the study is therefore to understand the 
implications of across-fault fluid flow for effective storage of carbon dioxide. 
 
The Dowsing Fault Zone is a structurally complex area consisting of two major 
opposing listric faults bounding a heavily faulted graben.  The interaction of all these 
faults, both major and minor, must be analysed in detail to assess the suitability of the 
site for possible expansion of carbon storage within the six nearby “D” fields which 
make up the remainder of the Hewett Unit. 
 
Traptester will once again be used to assess the risk of fault reactivation, due to 
carbon dioxide injection, by analysing the stresses present in the system.  This 
includes a detailed investigation of the pressures that exist in the formations using data 
provided by IHS Global.  Pressure data used is compiled from IHS Global's historical 
records and wireline log data. 
 
Preliminary results from the North Hewett Fault show the Hewett Field to be a 
promising carbon storage site.  Further detailed analysis of the Dowsing Fault Zone will 
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reveal if the storage site can be expanded into the six surrounding “D” fields to host a 
greater capacity of carbon dioxide. 
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Paleokarst reservoirs hold significant hydrocarbon reserves (such as Ordovician Group 
reservoirs of USA and China, and Devonian Group in Canada). Karst and paleokarst 
features are spatially complex and challenging to reproduce in 3D static models. 
Despite their complexity, the studies in paleokarst reservoirs have mostly been limited 
to geology and sedimentology. Although two-point statistics based algorithms have 
been used to investigate the distribution of paleokarst facies, the results reported are 
mostly unsatisfactory. Moreover, studies focused on spatial distribution of cave size 
and stochastic modeling of cave facies do not address the problem of predicting the 
distribution of paleokarst features and their implications on reservoir flow properties. 
Therefore, a quantitative algorithm to characterize and model paleokarst reservoirs 
based on physical and geological attributes is needed. In this study, we present a new 
approach to characterize paleokarst facies, and a new algorithm to simulate the 
distribution of paleokarst networks using multiple-point statistics (MPS). MPS based 
methods can successfully represent curvilinear and complex geologic features but, 
they require grid-based training images for inferring the required statistics. Most cave 
and paleocave networks are commonly available as non-gridded survey using the cave 
and paleocave central line coordinates. To use these kinds of data as training images, 
an MPS algorithm on a non-gridded basis is required to characterize paleokarst 
networks, and simulate the distribution of the corresponding geological features. This 
method eliminates the time-consuming gridding process which is required by 
conventional MPS techniques.  
 
Method 
In the implemented MPS method, the spatial template for inferring multiple point 
statistics and training image are both non-gridded. In traditional MPS algorithms, a 
rigid spatial template is translated over a gridded training image and MP statistics are 
inferred. In our new algorithm, the spatial template has lag and angle tolerances so 
that any data configuration falling within the tolerance is used to update the pattern 
frequency. During the simulation process, multiple point patterns are simulated 
conditioned to patterns observed on the nodes of the spatial template. The simulation 
algorithm was applied to two different caves. The Wind Cave is a typical network-maze 
morphology controlled by bedding and fractures, whereas the Lechuguilla Cave has 
spongework-maze morphology data sets. The use of modern cave data sets enables 
us to validate the non-gridded pattern analysis and simulation algorithm. Both cave 
data sets were used as non-gridded training images and scanned using a template 
with tolerances. After the MPS analysis, pattern simulation was performed using the 
pattern histogram. The simulation was conditioned to sparse data sample from the 
original cave data set. The pattern simulation provided accurate and consistent results 
while honoring the conditioning data and reproducing pattern histograms similar to 
those of the original cave data sets (Figures 1-3). By using the new approach, non-
gridded realizations of cave central line coordinates were obtained. The simulation of 
passage width can then be performed using traditional techniques such as sequential 
Gaussian simulation. 
 
It is concluded that the non-gridded MPS algorithm is an effective tool for 
characterizing and modeling the complex connectivity of paleokarst networks, and can 
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be implemented in fracture network modeling studies. This algorithm eliminates the 
time consuming process of gridding point-wise data sets while successfully gathering 
the statistical relationships exhibited by the non-gridded data. 
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Figure 4a- Wind Cave 

(white points: original cave data) 

 
 

Figure 1b- Pattern Simulation Results 

(green points: simulated nodes; 

red points: conditioning data locations) 

 
 

Figure 5a- Lechuguilla Cave 

(white points: original cave data) 

 
 

Figure 2b- Pattern Simulation Results 

(green points: simulated nodes; 

red points: conditioning data locations) 

 
 

Figure 6a - Pattern Histogram Comparison. Number of 

nodes increases towards right. (Wind Cave) 

 
 

Figure 3b - Pattern Histogram Comparison. Number of 

nodes increases towards right. (Lechuguilla Cave) 
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Burial Diagenesis of Fractured Carbonate Systems, Lower Carboniferous, UK 
 

Alanna Juerges, Cathy Hollis, Dave Hodgetts, School of Earth, Atmospheric and Environmental 
Sciences, University of Manchester, Manchester, M13 9PL 

 

Determining the storage and flow capacity within carbonate reservoirs is a major 
objective in hydrocarbon exploration and production. Where seismic and well data are 
unavailable, outcrop analogue and diagenetic studies can be used as a guide for 
understanding the development of paleohydrological systems with respect to basin 
evolution. This combination is prerequisite for realistic basin analysis and to guide any 
geochemical and fluid flow modelling. This study is concerned with constraining the 
relationship between the diagenetic evolution of fracture and matrix-pore networks in 
the context of regional and basinal structural evolution of Lower Carboniferous 
carbonates of the North Wales Platform, UK.  
 
By combining outcrop, petrographical and isotopic investigations, we demonstrate the 
gradual, pervasive destruction of primary and secondary porosity by fracture related, 
„hydrothermal‟ dolomite and the high degree of heterogeneity in a tight limestone 
system. 
Early diagenesis is recorded as a series of marine and meteoric cements. Subsequent 
burial cements include vein and interparticle calcite and dolomite, which are 
contemporaneous with Pb-Zn mineralisation and thought to be deposited during the 
Variscan Orogeny. Late meteoric intercrystaline cements were deposited post burial. 
Finally, cross-cutting open-fractures that provide minor improvements in porosity were 
produced during a secondary, post-Permian, uplift event. (See Figure.1) 
 
Fractures within the North Wales, Lower Carboniferous host rock provided important 
conduits for the circulation of diagenetic fluids which modified the porosity and 
permeability of the network and, to a lesser extent, the surrounding matrix. The results 
of this study have important implications for the understanding of fluid flow in fractured 
and dolomitised hydrocarbon reservoirs and the exploration of Mississippi Valley Type 
(MVT) ore deposits.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.1. Image demonstrates the cross-cutting relationship of the burial diagenetic events on 
the North Wales Platform. Tongues of pervasive and vein dolomites (arrowed) are cross-cut by 
diagenetically late N-S calcite veins and E-W open fractures, example from The Great Orme, 
Llandudno, northern platform margin. Tape measure for scale is 1metre.  

E 
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Sedimentological and Diagenetic Evolution of a Non-Tropical Carbonate Ramp 
System: New Insights from the Maiella Mountain (Central Italy) 
 
A. Rustichelli, E. Tondi, F. Agosta, Geology Division, School of Science and Technology, 
University of Camerino, 62032, Camerino, MC, Italy 
 

Non-tropical carbonate ramps represent depositional settings in which are present both 
high-porosity skeletal limestones, typical of shallow-water proximal environments, and 
hemipelagic muddy limestones characteristic of deep-water, distal, ramp 
environments. Usually, the former rocks represent excellent reservoirs for geofluids, 
whereas the latter ones, due to their low values of porosity, act as seals for subsurface 
fluid flow.  
 
The aim of the present work is to define the key roles played by both sedimentological 
and diagenetic features on both intra and intergranular porosities, as well as pore type, 
geometry, shape, connectivity and distribution in carbonate rocks pertaining to ramp 
environments. The study is conducted on the Oligo-Miocene Bolognano Formation, 
which was deposited in a non-tropical, homoclinal carbonate ramp of the paleo Apulian 
platform realm and now exposed in the Maiella Mountain of central Italy. There, field 
analysis were carried out to characterize the vertical/lateral distribution and inner 
geometries of the different sedimentary units of the Bolognano Formation. In the 
laboratory, both petrographic and petrophysical analyses were performed to assess, 
typology, distribution and relative amounts of the different rock components (grains, 
matrix, cements), as well as the 2D porosity of thin-sections obtained from selected 
hand samples.  
 
The analyses show that the Bolognano Formation is comprised of layered carbonates 
which composition ranges between deep-water muddy limestones and shallow-water 
skeletal grainstones. These rocks contain different amounts of calcite cements, and 
values of intra and intergranular porosities ranging between 1 and 25%, respectively. 
Based upon the results of our field and laboratory study, we propose the following 
statements: 

I. The skeletal grain assemblage of the rocks represents the key controlling factor 
on primary porosity (both intra and intergranular) within coarse-to-fine grained, grain-
supported carbonate rocks deposited in shallow-water ramp environments. Skeletal 
grains usually have peculiar intra-granular porosities, sizes and shapes. Their 
assemblages depend on both biota changes, which took place over time, and selective 
grain redistribution along the ramp during transport by bottom currents. The skeletal 
grain redistribution is mainly responsible for the resulting mean grain size, shape factor 
and sorting of the grain-supported carbonate rocks, which strongly affect both amount 
and distribution of intergranular porosity.  

II. The cementation processes that took place during diagenesis, responsible for 
porosity reduction, were controlled by the original compositional and depositional 
properties of rocks, such as the amount of echinoid plates in the skeletal assemblage 
or the small dimensions of grains and pores. It is observed that cementation, and 
consequent destruction of primary porosity, strongly occurred within fine-grained, 
grain-supported carbonate rocks deposited in transitional shallow- deep-water settings. 
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Faults and Fractures in Carbonates: A Multidisciplinary Academic Project 
Supported by Petroleum Companies 
 
Tondi Emanuele, Agosta Fabrizio, Geology Division, School of Science and Technology, 
University of Camerino, Via Gentile da Varano III, 62032 Camerino, Italy  
 

A good understanding of the deformation processes affecting the different typologies 
of carbonate rocks is fundamental for the exploration and management of 
georesources. Carbonate rocks, in fact, represent important natural reservoirs of 
geofluids (mineral and hydrothermal waters, geothermic fluids, oil and gas), in which 
containment and migration are strongly influenced by the “fracturing” state of the rocky 
masses. It is therefore evident how important is to develop 4D predictive models, at 
sub-seismic scales, of structural discontinuities in carbonate rocks at shallow crustal 
depths. 
 
An opportunity to investigate these subjects is provided by the faulted and fractured 
carbonate sequences, originally pertaining to the Apenninic and Apulian platforms, 
cropping out in peninsular Italy. There, based upon our existing knowledge on the 
large-scale structural setting and deformation history of the Apenninic-Maghrebian 
thrust belt, we focus on small-scale characterization of different types of fault zones, of 
the fault-related structural elements, and background fracture distribution by integrating 
field, laboratory and geophysical investigations.  
 
The ongoing research themes of the Faults and Fractures in Carbonates (F&FC) 
project are the following: (i) Main failure modes associated to the processes of fault 
nucleation and development in platform and basinal carbonates; (ii) Deformation 
mechanisms of porous carbonate grainstones; (iii) Mechanical stratigraphy of layered 
carbonate rocks; (iv) Geophysical characterization of faulted carbonates. 
(i) As concerns the first theme, we focus on the different failure modes associated to 
faulting processes in a slope-basinal sequence made up of marls and carbonate 
grainstones (Majella Mountain, central Italy), and in massive platform carbonates 
(Murge Plateau, southern Italy). The two field sites lie respectively in the structured belt 
(Majella) and in the foreland domain (Murge) of the Apennines. 
 
(ii) In the recent past we have been involved in several projects aimed to assess the 
main deformation mechanisms of porous carbonate rocks. Now we deal with the 
analysis of the physical-mechanical conditions controlling deformation, by mean of 
triaxial experiments on natural samples, and of the scaling properties of normal and 
strike-slip faults cropping out at  the Majella Mt. (central Italy) and Favignana island 
(southern Italy).  
 
(iii) Mechanical stratigraphy analysis is carried out in layered carbonate rocks, of upper 
Cretacoues and Oligo.Miocene age, now well-exposed in central Italy and southern 
Spain. The aim of our study is to understand how the physical-mechanical properties 
of carbonates, which are controlled by depositional and diagenetic factors, under given 
tectonic loading affect the failure modes and fracture distribution. 
(iv) With the objective to find meaningful relationships between secondary porosity and 
common log geophysical properties (P- and S-wave velocities, Gamma Ray and 
Resistivity), we drilled an outcropping, hydrocarbon-bearing, oblique-slip normal fault. 
This fault crosscuts Oligo-Miocene, shallow-water carbonate rocks (Bolognano Fm., 
central Italy), and allows detailed analyses of the role played by fractures on 
hydrocarbon flow.  
 

Thanks to a continuous interaction with our industry partners, who strongly contribute 
to shape our research activity, we believe that the results obtained in the past and 
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those hopefully arising from the current work help to improve the current knowledge on 
geofluids containment and migration within faulted and fractured carbonate rocks. 
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Namurian (late Carboniferous) successions across the British Isles provide ideal 
sequences to analyse a third order sequence stratigraphic cyclicity attributed to glacio 
eustasy. Cyclic sedimentation has been recognised by many, with individual cycles 
termed “Cyclothems”. These are believed to represent marine transgressions and 
regressions attributed to the waxing and waning of ice sheets. Each cyclothem could 
be stacked to form larger scale units termed “Mesothems”. In total, eleven Mesothems 
were recognised across the Namurian of Northern England that could be traced 
globally and are attributed to lower frequency eustatic fluctuations. This is similar to the 
development of the sequence stratigraphic models where the cyclothems compare to 
fourth-order fluctuations and possibly Mesothems the third-order cycles.  
 
Over the past 30 years, sequence stratigraphic research on the Namurian has 
focussed on the high frequency cyclicity (fourth-order cycles), confined to the Central 
Pennine Basin, North Staffordshire Basin of Northern England and the Western Irish 
Namurian Basin, Ireland. Through the collation of data from field observations, sub 
surface data and public domain literature, an interpretation of facies and parasequence 
stacking patterns has enabled the recognition of fourth-order sequences, whose own 
organisation allows a third-order stacking to be defined. Sand-prone sequences 
containing multiple internal incisions are recognised and interpreted to correlate with 
third order lowstand development. Mud prone sequences are also recognised lacking 
in sand, making sequence boundary recognition difficult. These have been interpreted 
to represent third order transgressive systems tract development. 
 
In this study, seven third order cycles (from Pendleian substage to Yeadonian 
substage) have been identified. Regionally comparable patterns in sedimentations 
have been recognised suggesting that global sea level change was one controlling 
factor. In the early Namurian, sand prone sequences with highly erosive sequence 
boundary are identifiable in the Central Pennine Basin, whereas continuous 
sequences in the North Staffordshire Basin are mud prone and lack sandstone. During 
this time, the Central Pennine Basin was actively filled by a northerly sediment supply, 
unlike the underfilled North Staffordshire Basin, which lacked a coarser grained 
sediment supply with the exception of minor influxes from the south.  Collinson (1988) 
suggested a possible submerged high to have been located between the two basins 
causing the southerly North Staffordshire Basin to be restricted during the early to mid 
Namurian. This prevented the progradation of northerly supplied deltaic sands. In the 
late Kinderscoutian substage, a change in sedimentation is recognised, with the 
widespread progradation of northerly deltaic lowstand sands over most of the region 
once the Central Pennine Basin had become infilled.. 
 
From this study it can recognised that a third-order cyclicity is evident within the 
Namurian of the British Isles. There were several controls upon sedimentation during 
this time that included glacio eustasy, basin bathymetry and sediment supply, also 
affecting the form of the third-order sequences. 
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Many modern outcrop analogue studies seek to bridge the gap between wells and 
seismic data; as such they commonly describe systems that are extensive and of 
exceptional exposure, and consequently yield very large quantities of digital data. 
These data may be digitised forms of outcrop information originally collected in 
analogue form, such as digitised maps and sedimentary logs, but increasingly the 
collection of data is in digital form in the field. This includes GPS-determined locational 
data; direct mapping on hand-held PCs with integral GPS; geo-referenced structural 
and stratigraphic data (such as faults and stratigraphic boundaries) collected using 
reflector-less laser range-finders; high-resolution lidar-based DEMs; and photo-realistic 
3D outcrop models constructed photogrammetrically from stereo pairs of digital 
outcrop photos. Use of these various datasets in combination generates high-
resolution outcrop models. Geographical information systems (GIS) allow these 
models to be linked to all kinds of additional data, both outcrop-derived (such as 
structural information, palaeocurrent data and interpreted photomosaics) and „post-
processed‟ (such as laboratory-determined grain-size data, radiometric ages, 
geochemical analyses or bed dimension variograms), all of which can be accessed 
rapidly (and potentially remotely), and in their correct geo-spatial context, from a GIS 
project.  We illustrate these approaches in the context of deepwater outcrop systems 
studied under the Slopes2 consortium. 
 
Turbidite systems and large-scale mass transport deposits of post-glacial basins of the 
Carboniferous in Argentina display exceptional outcrop extent and quality 
(approaching 100% exposure in a semi-arid environment) in the currently uplifting 
Sierras Pampeanas. They show considerable three-dimensionality, with effectively 
zero uncertainty in correlation. They include turbidite sheets sands with varying 
degrees of confinement (and resulting continuity), and also turbidites ponded in the 
relief on the upper surfaces of very large scale mass transport deposits.  
 
Cretaceous slope channel systems of Baja California (Mexico), while less completely 
exposed, occur in very large scale systems that are minimally tectonised, allowing the 
establishment of original spatial relationships over large horizontal and stratigraphic 
scales. Moreover the outcrops are highly dissected and accessible.  
 
These examples illustrate an approach to rendering large volumes of outcrop analogue 
data more accessible to the end-user seeking analogues for the subsurface. 
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Paleotectonic Control of Depositional Environment and System of Faults 
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Forming of one or another geological model of territory takes place besides all other 
under influence of tectonic motions of both regional and local character. In this 
connection a paleotectonic analysis has an important role in the study of geological 
structure.  
 
Paleotectonic motions of Krasnoleninsky Dome of the Western-Siberian platform, 
territory of which appeared in the affected of three tectonic-active systems zone, are 
studied: by the linear Ural  disturbed belt of the north-eastern trend, by Central 
Kazakhstan fold system on the south, and by Central Western Siberia system on the 
east. Therefore the system of tectonic dislocations formed from basement in different 
periods has the poorly inherited character of tectonic dislocations between a Jurassic 
and Cretaceous sedimentary cover. Approximately after Bazhenov horizon most faults 
have fan-shaped character of position in the sedimentary cover depending on a vector 
tectonic stress. 
 
The territorial position stipulated the oil-and-gas bearing of territory on Jurassic 
deposits. Krasnoleninsky Dome is a depocenter of Jurassic reserves. That fully 
explainable: high hypsometry of Dome of relatively surrounding structures, sizes, 
presence of reservoirs, impermeable beds, and closeness of Frolovsky lobe.  
 
History of territory development is characterized by position of basic marker-horizons 
for this district in certain periods of time. As such horizons deposits which were formed 
in periods of maximal flood of territory are used.  To such marker-horizons behave are 
clay deposits of Radomsky layer (middle Jurassic - J2)  - the top of which is seismic 
horizon of "Т3"; top of Nizhnetutleimsky  subsuite (analogue of Bazhenov suite of J3), 
to the top of which seismic reflecting horizon of "B" is assigned; Koshaisky suite, the 
bottom of which is marked as seismic reflecting horizon  of "M-lower Aptian"; 
Nizhekhantimansisky subsuite on the bottom of which seismic reflecting horizon of 
"M1-top of the Upper Aptian" is traced; Kuznecovsky suite, to the bottom of which 
seismic reflecting horizon "G-bottom of Turonian" is assigned. 
 
The map of thicknesses between reflecting horizons of "А-top of pre-Jurassic 
formations" and "B" characterizes relief of basement on the end of forming of Jurassic 
deposits, but at the same time with some convention reflects relief in which Jurassic 
deposits were formed. 
 
The map of thicknesses between pre-Jurassic formations and top of Radomsky clays 
shows that motion of the paleo-flow systems in the depression of Talinsky terrace 
during the accumulation of lower-Jurassic deposits it was in different directions from 
north extremity of Shaimsky megalithic bank, but not as before accepted by all 
researchers only in north-western direction. 
 
The next stages of development of territory are characterized by the steady even 
bending of territory with the change of general trend from south-east to north-western 
and back. The map of thicknesses between reflecting horizons of "М" and "М1" - 
(Upper Aptian) represents basic tectonic motions during the accumulation of deposits 
of Lower Aptian and Upper Aptian. In overhead part of Vikulovsky deposits of mainly 
marine genesis the incised valley of the river systems is distinguished from data of 2D 
and 3D seismic and is characterized by reservoirs with the improved reservoir 
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properties. (Fig. 1). Time slice and seismic section shows the selection of the incised 
valley from 3D seismic data. 
 

 

 
Fig.1 
 
Tectonic activity of territory is observed in post-Cenomanian time. After Cenomanian power of 
accumulating sedimentary deposits makes about 800-1000 m. Absence in the section of 
sedimentary cover of neogene deposits talks that the general getting up of territory, resulting in 
their erosion happened after their accumulation. General inclination of territory of 
Krasnoleninsky Dome happened on a 100-150 m. Inclination happened after forming of oil beds  
in a Vikulovsky suite, that confirmed by the general trend of water-oil contacts of beds westerly 
east on a 100-150 m. 
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The study area comprises two 3D seismic surveys recently acquired offshore in 
Mexican waters of the southwestern Gulf of Mexico. This area covers a surface about 
17,000 km2 with bathymetries ranging from 60 to 2500 m depth. Geologically, this area 
includes three provinces from east to west: Cuenca Salina Sur, Catemaco Thrust Fold 
Belt and Mexican Ridges.  
 
The prediction of deep water reservoirs in complex tectonic settings represents one of 
the challenges that the Mexican petroleum industry faces today. Therefore, in order to 
provide support to this relevant issue, this research is focused on unraveling the 
tectono-sedimentary evolution of one area with such characteristics. Although, this 
project covers the Tertiary history of this sector of the Gulf of Mexico, the present work 
dealt with Miocene due to its greater hydrocarbon prospectivity. 
 
A sequence of tectonic events occurred during Miocene in this region that included 
orogenic contraction, gravity-driven contraction and salt tectonics. In addition, arc and 
intraplate magmatism was also active in and around the study area during this time. As 
a result, deep marine sedimentation in this portion of the Gulf was strongly influenced 
by deformation and volcanism.  
 
The lower Miocene is composed of a thick sequence of debris flow deposits and 
turbidites that were deposited in slope and basin floor environments. Lithologically, this 
stratigraphic level is composed of lithic sandstones, polymictic conglomerates, muddy 
conglomerates, conglomeratic sandstones, siltstones and shale. The high content of 
clastics derived from volcanic, plutonic, metamorphic and older sedimentary rocks 
indicates multiple sources of provenance. These clastics were derived from the intense 
erosion of uplifted continental blocks, arc-related volcanic terrains and the Laramide 
deformational front. Due to the good quality of the reservoir sandstones, the lower 
Miocene represents a very important hydrocarbon exploration play in this area. 
 
The middle Miocene is made up of clastic rocks similar to those deposited during early 
Miocene because uplift and volcanism continued during this period. However, these 
deep marine sequences were syn-tectonically deposited in a confined environment 
created by contraction of the Chiapaneca Orogeny. Furthermore, this orogenic event 
also reactivated the halokinesis in the Cuenca Salina Sur; as a result, sedimentation 
was confined to minibasins and synclines.  
 
Finally, the upper Miocene represents the syn-tectonic fill of the piggy back basins in 
the Catemaco Thrust Fold Belt. Likewise, this stratigraphic level represents the 
syntectonic fill of the synclines in the Mexican Ridges. In contrast, an unconfined 
channel complex system was developed along the undeformed corridor formed 
between these two fold belts. The sources for this deep water clastic system changed 
significantly due to the beginning of the alkaline basaltic volcanism in the Los Tuxtlas 
and Anegada volcanic centers. Therefore, the resultant siliciclastic systems were 
muddier and predominantly composed by basaltic rock fragments. However, the 
sediment provenance in the Cuenca Salina Sur was more influenced by plutonic 
sources. 
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Hyaloclastite deposits and associated volcaniclastic sediment are a major component 
of flood basalt provinces and igneous affected basins with thicknesses that can exceed 
1km (e.g. the Faroe Shetland Basin). Recent detailed onshore studies and further 
exploration offshore has shown that hyaloclastites and associated lithologies can be 
found in a number of locations globally (Fig. 1), and significant deposits, particularly at 
the base of volcanic sequences may yet to be discovered. Exploration in the North 
Atlantic has shown that the base of parts of the flood basalt succession consists of 
fluvially derived siliclastic sediments, basaltic lava and hyaloclastites. However 
hyaloclastite rock properties, their mechanism of formation and lithofacies distribution 
has not been studied in the context of petroleum system. 
 
Although some hyaloclatite deposits have been described, very little information exists 
about their rock properties, their mechanism of formation in terms of their key 
lithofacies and their early to late stage burial diagenesis. These are all important 
factors that need to be understood as these deposits often occur at the base of the 
volcanic sequences and therefore may play a role in reservoir or seals in sub-basalt 
targets. 
 
Hyaloclastite deposits need to be first understood in terms of their stacking patterns 
and constituent facies that are found in their environmental end member settings (e.g. 
where lava enters a lake system, as part of the flank of an emergent volcano or where 
lava flows from sub-aerial to subaqueous conditions). We can then develop a 
conceptual model to illustrate the different influences on hyaloclastite delta deposition 
(fig.2). Using examples from onshore Iceland (Stóri-Nupur to Hjálparfoss where lava 
flows from subaerial to submarine settings and the Hjörleifshöfði peninsula near Vík 
which is part of an emergent volcano) we demonstrate that different lithofacies staking 
patterns exist and this will control the distribution of units with similar rock properties.   
 
Rock properties (porosity/permeability) within hyaloclastite deposits are characterised 
by low permeability and variable porosity. Using parameters which lead to porosity and 
pore throat reduction we show that several factors contribute to determine their overall 
properties. We demonstrate the seal potential of hyaloclastite deposits is dependent on 
initial mechanical compaction and secondary diagenetic processes where by initial 
porosity is reduced by grain packing and percentage crystal content and permeability 
is reduced by palagonite precipitation and authegenic mineralisation. Fluid circulation 
which promotes the early precipitation of zeolite and Ca-silicates may inhibit palagonite 
growth. Secondary dissolution of this authegenic phase leads to increased 
permeability and porosity compromising sealing capacity.  However early palagonite 
precipitation may anneal fractures within hyaloclastite deposits (formed due to their low 
yield strength) thereby maintaining seal integrity.  
 
We aim to develop a hyaloclastite taxonomy whereby we integrate field observations, 
rock property analysis and core data. Once the distribution of the key lithofacies is 
known we may be able to apply this data to better understand specific examples in a 
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petroleum setting. This project will hopefully provide an exciting insight into petroleum 
prospectivity in volcanic margins.   

 

Fig.1.The distribution of known hyaloclastite delta deposits, Known hyaloclastite sequences 
and volcaniclastic sequences possibly may contain hyaloclastite deposits including examples of 
massive volcaniclastic deposits from Ross et al. (2005).  

 

Fig. 2 A flow diagram outline the different factors that affect hyaloclastite delta deposition from 
initial lava flows to resedimentation.  
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The growing interest in exploration and production of hydrocarbons from basins 
adjacent to volcanic rifted margins covered by flood basalt successions has resulted in 
seismic data being shot over a number of such areas, including the North Atlantic 
Igneous Province. The recent seismic reflection-based studies within the Faroe-
Shetland Basin have revealed that significant amounts of flood basalts, of late 
Palaeocene age, were erupted in proximal to submarine settings (White et al, 2003; 
Spitzer et al, 2008). This is documented in the form of a lava-fed delta system (Fig. 1) 
which records the early encroachment of the flood basalts into the basin, and location 
of the palaeo-shoreline at that time (Kiørboe, 1999; Jerram et al, 2009). Using the 2D 
seismic data across this delta system, we have identified individual volcanic 
successions and use this stratigraphic record to reconstruct the development of the 
lava-fed delta system within the basin.  
 
The transition from terrestrial lava flows to hyaloclastic foresets is recorded by the 
deposition of five distinct seismic facies, and has been recognized on the basis of 
amplitude, continuity and reflector configuration. The identification and distribution of 
the seismic facies within the delta system lead to the division of the main delta body 
into a series of seismic-stratigraphic units. These are characterised on the basis of the 
detailed analysis of both the bounding reflections and internal reflection configurations 
(Fig. 2). They are interpreted to represent a depositional succession of genetically 
related lava flows and hyaloclastic breccias bounded by a hiatal surface. Comparison 
with modern day Hawaiian eruptions validates the interpretation that these bounding 
surfaces may be of a hiatal nature, created during a waning/break in volcanic 
deposition, whether due to complete pause in volcanism or the more localised avulsion 
of the delta front.  
 
The seismic-stratigraphic units display a gross depositional trend that relates directly to 
the interaction of relative sea level, lava supply and available accommodation space. 
The main phase of delta deposition displays a large and sustained progradational 
trend with a minor component of aggradation and is the result of high volumes of 
volcanic material overwhelming the basin and filling available accommodation. The 
closing stage of the delta system is recorded by a perched delta with a varying 
retrogradational trend and is interpreted to occur due to a synvolcanic relative sea level 
rise that coincides with a pause in lava supply allowing new accommodation space to 
form above the previous deposited units. 
 



Petroleum Geoscience Research Collaboration Showcase 

 

November 2010  Page 97  

 
Figure 1. Schematic model of the development of a lava-fed delta system.  

 

 
Figure 2. Methodology for identifying a seismic-stratigraphic unit, based on bounding 
reflections and internal reflection configurations.  
 


