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Oral Abstracts (in order of presentation - speaker is underlined)
Overview of Exploration Status Offshore Ireland in 2019
Morgan, C.1
1

Department of Communications, Climate Action and Environment, Petroleum Affairs Division, Head of Technical
Section
Email: clare.morgan@dccae.gov.ie
Exploration Update 2019
The designated offshore area for Ireland and our immediate neighbours and location of licences and leases
(Fig.1) illustrates the position with strong industry interest particularly in the Porcupine Basin. Each
Exploration Licence, as required, is accompanied with an appropriate technical work programme. The up
to date position (Oct 2019) is that in the Atlantic Margin, of the 28 licences awarded in 2016 (as a result of
the last Licensing Round that closed in September 2015), 17 have converted (Azeire, CNOOC x5, Eni,
Equinor x4, Europa x2, ExxonMobil x2,Total and Woodside), five applications are under consideration and
six have surrendered. In recent months, Serica has surrendered their three licences along the Atlantic
Margin and Providence Resources has surrendered FEL6/14 in the Goban Spur Basin. In open acreage,
the Celtic Sea area continues to attract players. There are currently some 30 companies involved, as
operator or joint venture partners, in exploration and production offshore Ireland.
A large number of seismic surveys were acquired in our offshore basins in recent years. From 2015 to 2017
ten significant seismic surveys were acquired, located in the Celtic Sea and Porcupine Basins (totalling
10,500km of 2D data; 20,500 sq km of 3D data). In 2018 and 2019, seismic surveying as expected, given
the life cycle of the licences issued as a result of the 2015 Licensing Round, was substantially reduced.
Approximately 120km of new 2D seismic data were acquired as part of a site survey in the Goban Spur
area in 2018. No 2D seismic surveys were acquired in 2019. No 3D seismic surveys were acquired in 2018
and 2019.
One well was drilled offshore Ireland in 2019. Exploration well ‘Iolar’ 53/4-1 was drilled in Frontier
Exploration Licence 3/18 in the Porcupine Basin by CNOOC Petroleum Europe Limited and partners
ExxonMobil Exploration & Production Ireland (Offshore South) Limited. The operator reported that the well
was abandoned with dry hole status. The distribution of exploration wells in our offshore basins and
neighbouring jurisdictions (Fig. 1) highlights the vastly under-explored frontier basins offshore Ireland. In
2019, the Department granted site survey approval for the Barryroe discovery in the Celtic Sea and data
(analogue and environmental) were acquired in September.
Any applications for petroleum operations offshore are assessed in accordance with the Environmental
Impact Assessment (EIA) Directive, the Habitats Directive and the Birds Directive. In 2019, changes were
implemented in the statutory consent process for activities under licence – A new independent unit within
the Department, the Environment Advisory Unit (EAU) was established to comply with provision of the EIA
Directive and a new public consultation process was introduced on receipt of applications for all activities.
The assessment of the financial capacity for companies to deliver approved work programmes was a new
measure taken in 2018/2019 and guidelines were published.
Production continued offshore during 2019 from the Corrib gas field in the Slyne Basin (supplying about
60% of Ireland’s gas demand) and from the Kinsale field complex, the latter with declining gas production.
On 30 November 2018, the Minister approved the sale of Shell’s stake (45%) in the Corrib field to Nephin
Energy. Nephin is a wholly owned indirect subsidiary of the Canada Pension Plan Investment Board
(CPPIB). Vermilion and CPPIB formed a strategic partnership whereby Vermilion would assume
operatorship of the Corrib natural gas project. During 2019, consent was granted for the first phase of the
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decommissioning of the Kinsale gas fields. The Department is in receipt of an application for the second
phase of decommissioning.
In other news, the Irish State Sovereign Fund divested from fossil fuel projects in 2019. The Private
Members Petroleum and other Minerals Development (Amendment) Climate Emergency Measures Bill
2018 continued to be debated during the year in the Dáil and hearings were held by the Joint Oireachtas
Committee on Communications, Climate Action and the Environment. In July 2019 the Government
decision not to provide a money message for the Bill, in effect halted its progress. The all Government
Climate Action Plan of policies with actions across all sectors was published in June 2019. Recent
developments include the Taoiseach’s statement at the UN Climate Change Summit (23 September 2019)
stating that oil exploration offshore Ireland was to be phased out.
PAD’s ongoing communications and outreach strategy to inform the general public, companies,
contractors, governments and researchers about E&P offshore Ireland and to highlight the petroleum sector
continued in the past 12 months, including PAD hosting booths at BTYS, IGRM and Seafest on a national
level. The programme is supported by follow-up Dataroom appointments. Another initiative that PAD was
directly involved with in 2019 included proposing, designing and implementing the launch of the
GeoScience Graduate Placement Programme in order to build capacity in the sector.
PAD is the custodian of the National Data Repository and Archive for the petroleum sector. 2019 saw
continuation of the huge effort by PAD to digitally capture legacy technical data to facilitate ease of data
access, to progress work programme time lines and to aid in disaster recovery.
Research projects, through PIP, iCRAG and NAPSA, aimed at deepening knowledge of the hydrocarbon
potential of Ireland’s offshore basins, were progressed in 2019. A number of very relevant studies are being
scoped/on-going or completed. For example, a reprocessing project of the Department’s/Eni 2D Regional
Seismic Survey acquired in 2013 and 2014 has commenced and is progressing well. The milestone
Bio/Litho/Stratigraphic study progressed substantially this year to provide a new, updated stratigraphic
framework and nomenclature for all Irish offshore basins that will form the basis of a PAD Special
Publication. Results from the offshore ObSERVE baseline aerial and acoustic data acquisition programme
were launched in the past year with data made publicly available to a wide range of stakeholders. The
ObSERVE findings are being integrated into the regulatory process.
In summary, 2019 has been a challenging year for the petroleum sector offshore Ireland. However, PAD
continues to embrace change, to enable research programmes, to progress the digital capture of data, to
facilitate streamlined regulatory processes and to continue to collaborate with other regulatory bodies, with
industry and with academia through a view to ensuring effective exploration in our offshore basins. The
Irish Government has acknowledged and has stated publicly the important role that natural gas will still
have to play in Ireland's energy mix and low carbon transition over the coming years.
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Designated Offshore
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Leases & Licences

Designated Offshore
Areas and
Exploration Wells

Figure 1. Distribution of licences and exploration wells offshore Ireland, UK and Norway
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Policy and Regulatory Update
Hennessy, M.1
1

Department of Communications, Climate Action and Environment, Petroleum Affairs Division
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Regulating public safety in oil and gas production and exploration
McGarry, A.1
1

Director of Energy Safety & Customer Affairs, Commission for Regulation of Utilities
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The Role of the Irish Coastguard
O’Toole, M.1
1

Irish Coast Guard, Department of Transport, Tourism and Sport

Ireland’s Exclusive Economic Zone (EEZ) covers an area of approx. 200,000 Sq Km, stretching to 200
miles off the west coast and to the median line between Ireland and the UK in the Irish Sea and Celtic Sea.
The zone is a resource of high value in terms of ecological and socio economic use. It is a very ecologically
sensitive area with a wide variety of fauna and flora. It supports an active leisure industry with a large
number of blue flag beaches and also commerce including fisheries, marine transport and natural
resources.
The Irish Coast Guard is Ireland's 4th
Blue Light service (along with An Garda
Síochána, the Ambulance Service and
the Fire Service). It provides a nationwide
maritime emergency organisation as well
as a variety of services to shipping and
other government agencies.
The purpose of the Irish Coast Guard is to
promote safety and security standards,
and by doing so, prevent as far as
possible, the loss of life at sea, and on
inland waters, mountains and caves, and
to provide effective emergency response
services and to safeguard the quality of
the marine environment.
The Department of Transport through the
Irish Coast Guard has the responsibility for exercising Central Government’s responsibility to safeguard the
quality of the marine environment through the provision of an efficient and effective response to marine
casualty and pollution incidents from vessels and offshore platforms in the Irish Exclusive Economic Zone.
The Irish Coast Guard is responsible for marine emergency preparedness and response to marine casualty
and pollution incidents. This includes casualty response to vessels in need of assistance and pollution
response arising from the threat of or actual spillage or loss of oil or hazard and noxious substances (HNS),
which threaten the Irish coastline or related interests.
The IRCG operates within a legal environment encompassing national legislation, EU Directives and
International Conventions. Its functions are derived from Government policy and various pieces of national
legislation.
The following bullet points outline briefly the Irish Coast Guards main areas of responsibility,
•

SAR - Search and rescue and recovery services for persons in distress or missing within the Irish
Marine Search and Rescue Region, the coastal littoral area and inland rivers and waterways,
mountain and cave rescue.

•

Coordination - Maintaining a national marine alert and broadcasting network for, inter alia, vessels
in distress, marine information, weather and radio navigation warning broadcast service for
shipping and other sea and coastline users.
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•

Marine Casualty Response - Which embodies intervention in casualty or salvage situations and
includes saving of the vessel, its cargo and the apparel of the vessel and protection of the coastline
under the Merchant Shipping (Salvage and Wreck) Act 1993 and the Sea Pollution Act 1991.

•

Marine Pollution - The Sea Pollution (Amendment) Act 1999 brought into National law the
provisions of the Oil Pollution Preparedness and Response and Co-operation (OPRC) Convention.
The OPRC Convention is aimed at providing a global framework for international co-operation in
combating major incidents or threats of marine pollution from ships carrying oil and provides for
each country to establish a national system for responding effectively to marine oil spill pollution
incidents. This includes oil spill & HNS contingency plans, a minimum level of pre-positioned
equipment and a programme of training and exercise.

•

Oil spill & HNS contingency plans - The IRCG also reviews and approves oil spill contingency
plans for mobile offshore drilling platforms intending to carry out appraisal drilling work within the
EEZ. Review and approval of these plans is ongoing on a continual basis.
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Irish Shelf Petroleum Studies Group – Enabling Ireland’s Energy Transition &
Energy Security
O’Neill, N.1
1

PIP Secretariat

Email: noneill@pip.ie

Established in 1997, the overall aim of the Petroleum Infrastructure Programme is to promote hydrocarbon
exploration and development activities in Irish offshore areas. At this time of urgency and uncertainty when
conflicting voices seek to influence our leaders, more focused evidence based scientific research is
required to navigate Ireland through a socially just transition to the decarbonised energy system of the
future. The Petroleum Infrastructure Programme has a critical role to play. Our sector has the technology,
the data and the understanding of earth systems, combined with the commitment to redouble and refocus
our efforts, to deliver timely solutions to the challenges we face along the roadmap to a zero emissions
decarbonised energy system.
At the ISPSG Management Committee meeting on 26th September this year, you, the members have
committed to a radical review of the ISPSG research strategy to take account of new challenges. The
Secretariat is currently preparing a discussion paper, in consultation with members, proposing new
strategic research goals and associated priority actions for the Irish Shelf Petroleum Studies Group. These
strategic goals and associated priority actions will be further discussed and agreed at a Members’
Workshop scheduled for January 2020.
Fossil fuels accounted for 90% of all energy used in Ireland, and gas accounted for 51% of energy inputs
to electricity generation, in 2017. Ireland’s import dependency varied between 85% and 90% until 2016
when it fell to 69% with the Corrib gas field starting production and fell further to 66% in 2017. This high
level of production from the Corrib gas field is expected to taper off significantly in the next couple of years.
From the standpoint of climate change, imported liquid natural gas (LNG) is a very poor fuel choice. Non
licence specific geological and engineering studies that de-risk gas plays could enhance Ireland’s energy
security.
Two specific areas of scientific research related to the energy transition with the potential for cross
technology transfer from the oil and gas sector are geothermal energy and carbon capture and storage.
Through iCRAG the ISPSG is already funding research into the quantitative potential of geothermal
systems in Ireland. At the AAPG European Region, 3rd Hydrocarbon Geothermal Cross Over Technology
Workshop in April 9-10, 2019 in Geneva, Switzerland two papers on Ireland, received significant interest,
one on the investigation of geothermal potential in the Irish Carboniferous palaeokarst and the other on
developing geothermal resource plays offshore Ireland: a case study on the Lower Cretaceous Dunquin
North Carbonate Build-Up, Southern Porcupine Basin. Also, through iCRAG the ISPSG is funding
innovative research in Trinity College Dublin into the potential contribution of crystallisation to carbon
capture and storage.
Meanwhile the ISPSG undertakes thorough and balanced instrumental research that improves our
understanding of the petroleum systems offshore Ireland and the marine environment in which we operate.
Over the next day and a half, amongst the range of stimulating papers that will be presented you will learn
about the significance of the new offshore Ireland stratigraphic framework for exploration; unlocking
prospectivity in the South Porcupine Basin; new insights on long term sand supply to NE Atlantic Margin
basins; economic analysis on field development; and you will see interim results from the regional seismic
depth imaging across Ireland’s Atlantic Frontier basins. There are presentations with a regional, basin and
prospect focus. As always, we have an international focus in our Conjugate Margins session and the results
from ongoing environmental research will be presented tomorrow.
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The ISPSG continues to fund applied innovative research in geology and geophysics through the Energy
Security spoke of the Irish Centre for Research in Applied Geosciences (iCRAG) and several iCRAG
researchers will be presenting results today. There are also posters outside that illustrate the ongoing
research funded by the ISPSG. Do take the time to view the posters and meet with the researchers. There
are sure to be ideas, concepts and new methodologies that will be of interest to your exploration efforts.
Each year at this conference we appeal to ISPSG member companies to become more engaged with the
ISPSG research programme and realise the benefits it can bring to individual company exploration
programmes. I am delighted to report that we now have very active project steering committees and
technical committees developing concrete proposals for research focused on common industry issues.
We look forward to engaging with you, the members, over the next few weeks to develop new strategic
scientific research goals and associated priority actions for the Irish Shelf Petroleum Studies Group that
will address the new scientific challenges that face the Irish oil and gas exploration sector.
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Energy Transition
Johnston, M.1
1

Irish Offshore Operators’ Association (IOOA)
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Precursor rift basins: Insights from the Irish Atlantic Margin
Hetherton, E.1, Carwithen, L.1
1

ExxonMobil International Limited

Email: edward.hetherton@exxonmobil.com

The architecture, orientation and fill of the Irish Atlantic Margin sedimentary basins is representative of a
protracted and polyphase rift history. During the margin’s 350 million year evolution, from incipient
Palaeozoic rifting to Eocene continental separation, rift zones migrated and intersected one another to form
a complex network of sedimentary basins. The magnitude and orientation of lithospheric extension
changed over time and is reflected by the oblique overprinting of Palaeozoic-Mesozoic “precursor rift
basins” by larger, more highly extended Mesozoic-Cenozoic basins.
In support of ExxonMobil’s exploration activity on both sides of the North Atlantic we have mapped and
characterised lithospheric extension across the rifted margin. Using a consistent methodology and
nomenclature, the margin has been divided into three distinct structural domains: (1) Proximal, low
extension; (2) Intermediate ‘necking’ and (3) Hyper-extended, distal. The domains are representative of rift
evolution in both space and time. Basins subjected to low-moderate extension can be used to infer the size
and orientation of the precursors to highly extended basins. Furthermore, the recognition of precursor
trends allows for the projection of stratigraphy encountered within one domain into another.
Using a combination of cross sections and tectonic domain maps we present insights into the architecture,
orientation and fill of the Irish Atlantic Margin precursor basins. Using the proximal domain, as mapped in
the Slyne and Fastnet basins, we can inform schematic reconstructions of what overprinted basins, such
as the Porcupine Basin, may have looked like in the past.
Acknowledgements
We would like to thank our colleagues at ExxonMobil for their contributions
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Significance of the new offshore Ireland stratigraphic framework for exploration
within the province and internationally
Wright, T. D.1, Copestake, P.1
1

Merlin Energy Resources Ltd., Newberry House, New St, Ledbury, Herefordshire, HR8 2EJ, UK.
Email: tim_wright@merlinenergy.co.uk
As reported by Merlin Energy at previous Atlantic Ireland conferences, a new lithostratigraphic,
biostratigraphic and sequence stratigraphic framework has been established for the offshore Ireland region.
This study, which encompasses the majority of the Irish offshore area, has been funded by the Irish Shelf
Petroleum Studies Group (ISPSG), managed by PIP and the PAD. The project is currently in the final
stages of documentation and significant results have already been released both to the members of the
ISPSG and, to a lesser extent, publicly. The aims of this presentation are to:•

•

consider key improvements in understanding resulting from the project and how these learnings
can be applied to the enhancement of future exploration ventures, particularly in reducing
uncertainty and better understanding geological risk factors e.g. Source, Reservoir and Trapping
mechanisms
review the significance of the study for exploration in nearby exploration provinces and further
afield.

Application of the study to the offshore Ireland region
The results of the study provide a springboard towards a significant enhancement of the understanding of
the petroleum systems and tectonics of the offshore Ireland region in the following aspects.
Source rocks
• a significant number of intervals with source potential have been identified and related to the new
lithostratigraphic and sequence stratigraphic scheme. Integration of the new stratigraphic
framework with identified source intervals and sequence-based analysis reveals key regional
characteristic markers. [For further details see talk by Gehlen, Farrimond & Copestake at this
conference]
• next steps; detailed mapping of identified source intervals across the region. This will help to
improve basin models, better match hydrocarbon occurrences with particular source intervals and
better define play fairways
Reservoirs
• all proven reservoirs in known fields and discoveries have been named in the new scheme using
a consistent approach to members, formations and groups
• broad reservoir distributions are assessed on well penetrations with some limited seismic
extrapolation. In areas with existing wells this can help operators develop predictable sequence
and facies based depositional models
• next steps; accurate mapping of reservoir distribution/continuity and assessment of controls on
reservoir quality.
Seals
• seals commonly equate to major transgressive claystones, these can be identified in wells and tied
to sequence stratigraphy and thus to mappable seismic sequences. This is a key step in reducing
uncertainty and better understanding prospect specific geological risk
• next steps; map away from fields and discoveries, into undrilled areas to identify reservoir and seal
pairs.
Tectono-stratigraphic evolution of offshore Ireland
• New sequence stratigraphic schemes have been established, tied to a set of 60 seismic horizons
(seismic sequence boundaries) and used as the framework for re-interpreting many of Ireland’s
offshore basins
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•

•

foundation for enhanced understanding of structural evolution of offshore Ireland
o major unconformities relate to significant steps in basin tectono-stratigraphic evolution
o relates to creation of structures and timing of hydrocarbon migration, basin modelling
next steps; reassess/improve basin models, timing of structuration relative to hydrocarbon
migration.

All the above are key inputs into better understanding geological risk and reducing uncertainty on future
exploration ventures in the region.
International significance of the study
• as far as we are aware no similar study has been attempted which accurately and comprehensively
seeks to build such a framework, on the same scale, for any other petroleum province
• this study will remove some of the key impediments to efficient exploration and aid understanding
of adjacent areas of the UK offshore, particularly the Rockall Basin, South Celtic Sea Basin, St
George’s Channel Basin.
• key to a new understanding of the Northern Atlantic Conjugate Margin including Jurassic and
Cretaceous rift systems from the Baltic, North Sea, Ireland and Morocco across to North-eastern
Canada and the US eastern seaboard.
Acknowledgements
We wish to thank PAD and PIP for approval to deliver this presentation
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The new Irish offshore stratigraphic nomenclature: what's in a name?
Shannon, P.1, English, K.2, Hanrahan, M.2
1

UCD School of Earth Sciences, University College Dublin, Belfield, Dublin 4.
Petroleum Affairs Division, Department of Communications, Climate Action and Environment, 29-31 Adelaide Road,
Road, Dublin 2.
2

The overall objective of this large project was to establish an integrated stratigraphic nomenclature
encompassing all the Irish offshore basis. The project, funded by the Petroleum Infrastructure Programme,
commenced in late 2017 and is now nearing completion. A consortium led by Merlin Energy, reviewed all
biostratigraphic and lithostratigraphic data from the Irish offshore wells (including all exploration and
appraisal wells, IODP, DSDP and shallow boreholes). Key stratigraphic sections in each basin were resampled, and a reinterpretation of all lithostratigraphic units was carried out and integrated with seismic
profiles. Merlin Energy are completing a comprehensive Atlas that defines, analyses, describes and
illustrates each unit, from the Palaeozoic to the Cenozoic, across the entire Irish offshore.
A Stratigraphic Committee of academic and industry experts provided advice, peer review and evaluation
on the appropriate level of stratigraphic detail, geographical extent of each proposed unit, and consistency
with the international principles and practice of stratigraphic nomenclature. The Stratigraphic Committee
also developed a new nomenclature framework where new names were required. The resulting
nomenclature aims to be robust, workable and future-proofed with buy-in from industry, government and
academic researchers. The nomenclature is designed to avoid potential confusion with existing
stratigraphic nomenclatures for onshore Irish geology and elsewhere in neighbouring offshore regions, and
also with the structural nomenclature for offshore Ireland. Existing names were used where it can be
demonstrated that units correlate clearly with named successions in nearby jurisdictions, or with the Irish
onshore. Unit names that are well established in the published literature were kept unless there was a
convincing argument not to do so. Names with an ‘Irish flavour’ that are easily pronounceable were
favoured where possible.
Because the stratigraphy in the Irish offshore often varies considerably between basins, different names
were required for age-equivalent strata in different basins. In consequence, more than 200 names were
required. It was therefore impossible to find a single embracing theme that covered the entire stratigraphy.
Some themes, such as Irish towns or people, were avoided for a variety of reasons. A broad range of
themes was therefore selected for the nomenclature, each cognisant of an element of Irish nature, history,
heritage, folklore or location. Rivers, bays and headlands are represented, while Irish wildlife (birds and
fish) also feature. There are links (sometimes obvious, other times more cryptic) between geological
elements and the names. For example, the Lower Cretaceous strata in the Celtic Sea basins, deposited
mostly in fresh water conditions, are named after fresh water fish, while the coeval successions in the
Porcupine Basin, formed in marine conditions, have salt water fish names. There are examples where the
first letter of each constituent member spells the name of the encompassing formation. Igneous units,
generally, regarded as being less conducive to reservoir or source potential, are named after somewhat
dark and malevolent folklore characters, e.g. Changeling, Oakshee.
The aim of this presentation is to review and explain the new nomenclature, to unravel some of the
mysteries behind the choice of themes and names, and to discuss some of the key correlations across a
range of geographical and stratigraphical scales.
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Regional Seismic Depth Imaging Across Ireland’s Atlantic Frontier Basins
Hardy, R.1, Anantan, A.2, Steiger-Jarvis, M.2, Roy, S. 2, Kanrar, A.2, Lee, L.2, Hunter, R.2
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The Petroleum Infrastructure Project (PIP) has funded a major regional 2D seismic re-processing exercise
based around the modern re-imaging of the PAD 2013/2014 regional seismic survey (Figure 1). In Ireland’s
Frontier Basins, the shallower Tertiary sediments are normally well imaged, with some seabed and buried
channels causing deeper imaging issues in depth. The deeper sections beneath chalk can be locally
complex due to faulting and intrusive volcanics, particularly in the Continental Margins and Hatton-Rockall
basins. Water depth varies from 100m to 4,800m throughout the project area and basin related subsets of
data have been selected for re-processing to address specific research issues which affect PIP members
and academic groups.

Figure 1. Basemap of initial data selected for the seismic re-processing project.

The project commenced in June 2019 with chosen contractor WesternGeco and will complete in April 2020
with the following goals:
•
•

•

•

Modern broadband processing such as deghosting to focus on lower frequencies and deeper synrift imaging to help to understand basin geometry.
Utilise state of the art multiple suppression for deeper water sections, but also address the margins
of the Porcupine basin and other shallower water areas, where traditional 2D methods are only
partially successful.
Research e.g. basis for future studies on seismic oceanography and Moho mapping and using the
data selection as a research forum for co-operation amongst geoscientists and researchers will
meet the stated aims of PIP to strengthen Irish based research infrastructure.
Even though the selected data are 2D, as much as possible processing tests, quality control and
velocity model building will be conducted in a 3D manner using as much available data as possible
from academia and industry.
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•

•

The velocity model building will make optimum use of both FWI and Tomography. A 3D pre-stack
acoustic Full Waveform Inversion (FWI) will use the two-way wave-equation to produce highresolution velocity models. It performs forward modelling to compute the differences between the
acquired seismic data and the current model, and a process similar to reverse time migration of
the residual dataset to compute a gradient volume and to update the velocity model. Conventional
FWI usually utilises diving and refracted waves to update the low-wave number/ background
components of the model but can extend beyond the limits of the transmitted energy by adding
reflection events. In addition, an alternative modelling can be used to target specifically the low
wave number part of the reflections for deeper background model updates. Both synthetic and field
data examples have previously demonstrated that the background velocity model can be updated
from shallow to deep water using conventional FWI followed by advanced reflection-based FWI.
Seismic data from all regional 2D lines will be updated simultaneously in an efficient depth model
building workflow using a single 3D model to reduce the risk of misties and enable better
interpretations.

Figure 2 shows an initial comparison of the current processing compared to the original for a deep subchalk window in the Porcupine Basin. At the time of writing the time processing (deghosting, denoise and
demultiple) is relatively far advanced, but only the initial velocity depth model is available for depth imaging.
Further refinements in depth accuracy are expected as the project proceeds. Even at this early stage the
time processing is producing an image with enhanced low frequencies and fault block definition.

Figure 2. Seismic sections showing sub-chalk images from Porcupine Basin. (a) Original and (b) initial look
of the re-processing without any significant model building effort.
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Basin Entry to FEL / Plate to Prospect scale: Unlocking Prospectivity of the
Southern Porcupine Basin
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Following the success of the Tithonian Bay du Nord discovery in the Flemish Pass Canada, Equinor
embarked upon a super-regional evaluation of the North Atlantic Margin to identify and rank prospective
follow up basins on either side of the Atlantic divide. Utilising a wide range of data at different scales, this
evaluation high-graded the underexplored Porcupine Basin. A traditional basin and play analysis followed,
resulting in four operated and two non-operated Licensing Option (LO) awards in the Southern Porcupine
during the 2015 Atlantic Margin Licencing Round.
Fast forward to 2019, the Equinor operated LOs on the Goban Spur Terrace area have been converted to
Frontier Exploration Licences (FELs). CGG acquired and processed a significant swath of Multi-Client 2D
and 3D data, facilitating the partnership’s evaluation of the area. The basin, plays and prospects have been
revaluated with increased resolution, building on existing work using a ‘zoom-in, zoom-out’ iterative
approach, from prospect to regional scale. Multi-disciplinary studies have proven crucial, underpinning
prospect evaluations and volume and risk within the context of a solid regional framework.
With new data comes greater understanding. Extensive high-quality 2D and 3D seismic coverage across
the Goban Spur Terrace has enabled the breakdown of a complex structural setting into a robust structural
framework, recognisable mega-sequences and clearly defined prospects. These have been further
characterised based on both the broad basin understanding, trends across the greater European margin
and comparisons to the super-regional conjugate margin.
The Southern Porcupine Basin represents a true frontier area with significant geological uncertainty.
Successful exploration in this setting requires a strong regional understanding as well as collaboration
across organisational boundaries, partners, contractors, academia and external stakeholders. This
approach has yielded a diverse portfolio of prospects across a spectrum of plays on the Goban Spur
Terrace, selected examples of which will be presented during the talk.
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Long-term sand supply to NE Atlantic Margin basins - new insights from new
approaches
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The supply of sand into sedimentary basins is controlled by the complex interaction of a number of factors
including the nature of the bedrock, climate, paleogeography and topography. Provenance studies aim to
better understand these underlying controls and to provide fundamental constraints on the evolution of
basins and their surrounding hinterlands. An ultimate objective of such studies is to help predict both
reservoir sandstone distribution and quality in the subsurface.
Northeast Atlantic Margin basins, ranging in age from Late Palaeozoic to Mesozoic, have been the focus
of such investigations in recent years. Research has been specifically targeted in order to 1) better
understand the generic controls on sand delivery to basins; 2) assess the nature of older, but poorly
understood, source lands/basement highs; 3) investigate how sediment dispersal patterns have evolved
over geological timescales; and 4) develop an understanding of how these factors influenced the nature
and distribution of potential reservoir sandstones. Targets for study have ranged from Carboniferous basins
onshore Ireland (e.g. Clare, NW Carboniferous basins) and Mesozoic basins offshore west of Ireland
including the Slyne, Erris, Rockall and Porcupine basins. These share tectono-stratigraphic similarities with
those on the Canadian conjugate margin and record a complex history of rifting, thermal subsidence and
local inversion, prior to and during the opening of the North Atlantic.
Some commonly applied provenance tools can produce equivocal results as potential source areas may
be inadequately characterised. Furthermore, certain approaches can fail to identify and/or quantify mixing
of multiple sources or incorporation of polycyclic sand grains. Provenance signals stored in specific mineral
grains can be modified pre- or post-deposition. Each of these factors has the potential to obscure
information that could be used to better constrain palaeodrainage and basin evolution. The studies
discussed here utilise a multi-proxy approach as part of developing and validating a provenance toolbox
which can account for cryptic factors such as those outlined above. For example, fingerprints from individual
sand components with a range of stability (from robust zircon grains to labile K-feldspars) are interrogated,
such that the role of sedimentary recycling, mixing and diagenetic alteration can be evaluated.
On a regional scale, the results reveal the important role played by previously uncharacterised or poorly
understood basement highs and sources. Periods of major drainage reorganisation, likely associated with
the rifting that eventually culminated in the break-up of Pangaea, have been identified. On the scale of
individual basins and sub-basins, results show that provenance signals can highlight linkages between
basins, the impact of climatic fluctuations, periods of tectonic acquiescence and the exhumation/uplift of
hinterland areas. The aim of this presentation is to highlight examples of the on-going work in this region
in terms of sediment dispersal patterns and to underscore how novel analytical approaches are being
applied to optimise insights into the sedimentary evolution of the Northeast Atlantic margin basins.
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Reducing frontier exploration risks using regional 2D seismic in a single 3D depth
model building workflow via Full-Waveform Inversion and tomography
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Introduction
It is well known that exploring a new or relatively unknown basin often starts with analysing regional 2D
seismic data. Exploring an unknown basin without a confident regional interpretation from 2D seismic lines
poses serious risks. The 2D regional lines, in most cases, are sparsely and irregularly acquired and can be
of varying vintages, intersecting each other at one or two locations. Therefore, it is always challenging to
use them simultaneously. The 2D lines are often processed individually, including depth velocity model
building. This raises the issue of mis-ties in velocities and, subsequently, in geological interpretation where
the 2D lines intersect. Time must be invested to correct for these errors and, even so, some residual error
normally persists. We present here a practical and efficient depth model building workflow including fullwaveform inversion (FWI) and global reflection tomography where several regional 2D lines were used
simultaneously, not individually, to achieve a consistent single 3D model that can significantly reduce the
risks of mis-tie and facilitate better geological interpretation. As part of the 2016 work programme in the
Porcupine Basin in the Irish Atlantic Margin, CNOOC International carried out a proprietary reprocessing
project comprised of forty-two 2D line segments totalling approximately 4700 common midpoint (CMP) line
km. The segments were acquired as part of two discontinuous surveys between June 2013 and October
2014. The model building work presented here was performed in two phases. In Phase I, twenty-eight 2D
seismic lines of 3073 km in total were reprocessed and a single 3D velocity depth model was built covering
all lines. This work has since been followed up in Phase II, where the existing single 3D model from Phase
I was used as the starting model and further updated using an additional fourteen 2D seismic lines of 1644
km in total to deliver a regionally consistent single 3D depth velocity model. This single 3D model and
corresponding images can now be used for purposes such as enhancing regional geological
understanding, planning new 3D seismic acquisition, and as a suitable starting model for future 3D model
building.
Initial Model Building
Limited existing depth velocity model information motivated extra care in building the initial depth model at
the beginning of Phase I. Two sets of velocity information were available from legacy studies: depth interval
velocities (from the Searcher Seismic, SSE15 Echidna regional 2D survey) and time root-mean-square
(RMS) velocities from vintage processing of Phase I lines. Different initial model options were tested,
including extrapolation of the two sets individually, with and without horizon control and smoothing. The
preferred initial model used a combined approach and gave reliable and consistent initial velocity values
for all 2D lines. The initial depth-migrated images were sufficiently consistent with regional geological
trends, and the initial depth-migrated gathers showed that the residual moveout (RMO) was of an
acceptable level to start the model optimisation process.
Model Building Workflow
For Phase I, the depth model building workflow included an initial reflection tomography (whilst an FWI
feasibility study was performed in parallel) followed by FWI (two frequency bands) and a further four
iterations of reflection tomography. Phase II model building started directly from FWI using the already
existing single 3D model from Phase I as an input. In Phase II, FWI (two frequency bands) was followed
by three iterations of reflection tomography. The data driven FWI method was implemented in a 3D manner
by using all the available seismic shots together. For Phases I and II, we used adjustive FWI (Jiao et al.,
2015) in Band 1 and least-squares FWI in Band 2. In challenging geological settings such as the North Sea
and Offshore Atlantic Ireland, where high velocity contrasts are common, fast velocity layers are often
present in the near surface and water depths can be shallow; adjustive FWI has proved to be more robust
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(Roy and Bullock, 2018) in achieving a correct background velocity model. Global reflection tomography
was also implemented in a single 3D sense. The RMO picks from all the available CMPs from all 2D lines
were used in the tomography. Longer scale lengths helped make the single 3D model more relevant by
providing smooth updates between the 2D lines as compared to individual 2D tomography updates. While
FWI provided reliable shallow updates, reflection tomography continued to provide deeper velocity updates
and enhanced the deep structures significantly.
Results
The simultaneous single-model 3D workflow provided reasonable updates to the velocity model and
corresponding uplift in imaging Phase I lines. Encouraged by Phase I results, the project was continued to
Phase II, which provided further benefits to the regional model with additional 2D lines. At the end of Phase
II, a final global tomography was run including all 2D lines (Phases I and II) simultaneously to provide a
final single 3D model and image. Figure 1 shows an example of the updated final single model after Phase
I, II, and follow-up global tomography. It shows that the primary velocity updates are along the 2D seismic
lines with consistent ties at intersections. In addition, it also shows that, due to this 3D approach, smooth
updates are available between 2D lines, which makes the workflow even more effective. Seismic images
using the final model show the continuity of events and consistency of structural features across the
intersections, indicating that the mis-tie issue was handled by using the simultaneous, single model, 3D
approach (Figure 1). It is encouraging to observe that, without any additional effort to correct for the mistie, this efficient workflow minimised the potential risks.
Conclusions
A depth velocity model building workflow for 2D lines was presented where FWI and global reflection
tomography were implemented in a simultaneous, single-model, 3D manner. The workflow achieved the
objective of a consistent model update that mitigated against potential mis-tie issues. The velocity update
and corresponding images produced by the combination of the FWI and tomography show geologically
plausible and consistent results. The continuity of events across intersections is encouraging, indicating
the success of the workflow.

Figure 1 Left: The location of seismic regional 2D lines (Phase I – white and Phase II – black) are shown
on water-bottom map. Middle: A map view of the final single 3D velocity model (at 3500 m depth) covering
almost all of the 80,000-km2 regional area. Right: Two intersecting 2D lines (red and green) show continuity
of events with minimum or no mis-tie. The simultaneous, single model, 3D workflow worked positively to
achieve this goal.
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Data You Can Trust, No Matter What the Azimuth – Case History from the Irish
Atlantic Margin
Cho, E.1, Gromotka, J.1, Hart, M.1, Mondal, D.1, MacLeod, A.1, MacTaggart, R.1
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Frontier Exploration Licences (FEL) offshore Ireland provide exclusivity to group members on the
acquisition of seismic data inside their licence boundary. As a result, this can, in some circumstances, limit
the flexibility of planning for regional, group or speculative seismic surveys in adjacent unlicensed acreage.
Despite this, careful and well-planned acquisition can overcome such restrictions, requiring trust in the
processing toolbox to ensure no compromise in the overall data quality.
During 2017, TGS acquired approximately 5,400 km 2 of new triple source 3D seismic data (the Crean
survey) in the South Porcupine Basin between the Porcupine High and the Irish Mainland Platform (Figure
1). The Crean 3D acquisition was able to operate within these offset exploration boundaries only by
changing the shooting direction by 90 degrees for part of the survey. Most of the sail lines were acquired
through an east-west shooting direction - except for 8.6% of the sail lines that had to be acquired through
a north-south shooting direction.
The merging of two surveys that have different azimuthal acquisition is a challenge that requires careful
processing and good quality controls. However, we demonstrated that data acquired with different sail line
azimuths can be merged without impacting the overall quality. Our deblending workflow can remove the
overlapping shots from triple source acquisition, thus revealing the underlying seismic data (Baldock et al.,
2018). The regularisation process also benefitted from the use of triple-source acquisition, whereby a dense
CMP grid of 12.5 m inline by 18.75 m crossline separation was acquired with greater efficiency than
conventional dual source acquisition (Langhammer et al., 2018). The vintage 2013 3D survey in block FEL
2/13 that was also acquired through a north-south shooting direction was reprocessed with the Crean 3D
survey to produce a seamless and uniform volume totalling approximately 6,400 km2 of high-quality seismic
data.

Figure 1. Crean 3D survey (orange polygon) alongside vintage 3D (grey polygon) and 2D surveys in the Irish Atlantic.
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Seismic acquisition in the Irish Atlantic is often prone to operational downtime due to adverse weather
conditions and high sea states. Cable feathering in particular can leave areas with low coverage during
primary acquisition. Whilst these areas can be filled in by later infill shooting, they are also typically
addressed by 4D/5D Anti-Leakage Fourier Transform (ALFT) regularisation. This interpolates and
regularises the data prior to migration. The ALFT approach uses a matching-pursuit technique that
iteratively claims the strongest plane-wave components in each iteration, as described by Whiteside et al.,
(2014). The technique preserves dips during regularisation and reconstructed traces are well-behaved,
with good correlation with surrounding bins. Figure 2 shows an example inline and crossline through the
survey with orthogonal shooting directions before (a) and after (b) 4D AFLT, respectively. Figure 3 shows
time slices and extracted RMS amplitude along the Top Eocene horizon before (a) and (b) the same
process. After 4D ALFT there is no discernible difference between the two.

Figure 2. Stack before (a) and after (b) 4D ALFT.
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Figure 3. Time slice at 2800 ms TWT (left) and RMS amplitude slice through Top Eocene horizon (right) before (a)
and after (b) 4D ALFT.

Conclusions
We demonstrate that data acquired through two distinct shooting directions can be processed successfully
to produce a single uniform seismic volume. The key steps are an advanced seismic processing workflow
that can mitigate challenges and deliver high-quality seismic data. With Avalon and other prospects
underlying this area, additional emphasis was also placed on quality control to ensure our licensees can
trust the data they work with.
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Source rocks development in offshore Ireland in the context of the new standard
lithostratigraphic framework
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As part of project ISPSG 16/04 (“The Standard Stratigraphic Nomenclature of Offshore Ireland: An
Integrated Lithostratigraphic, Biostratigraphic and Sequence Stratigraphic Framework”) carried out by the
Merlin Energy Resources project consortium, potential source rocks in the various offshore Ireland basins
have been evaluated in light of the newly established stratigraphic framework.
The interpretation is based on an integrated geochemical database that was compiled from data provided
by PIP and the PAD, containing all released Irish geochemical data from historic reports together with
additional data from the ISPSG IS16/01 project. Data relevant for the source rock identification and
characterisation presented in this study include total organic carbon contents (TOC), as well as data derived
from Rock-Eval pyrolysis, which allow identification of the organic richness, kerogen type, and hydrocarbon
yield of the individual formations. These data were available for a total of 116 wells offshore Ireland,
including TOC data for more than 12,700 samples, and Rock-Eval data for over 6,450 samples.
Lithostratigraphic and chronostratigraphic data based on the newly compiled stratigraphic framework were
integrated for each well.
Based on the available data a total of 21 formations with a varying degree of source potential have been
identified throughout the different offshore basins. In addition to these intervals, a further 10 formations
containing a restricted number of samples with hydrocarbon potential have been identified. Source rock
formations are mainly of Early Jurassic to Early Cretaceous age, although the Paleogene Gweedore
Formation in the Porcupine Basin, as well as the Carboniferous Blackthorn Group also show some source
potential. Based on the available data, none of the Upper Cretaceous or Triassic age formations showed
hydrocarbon generative potential. Data availability for the Permian and Devonian and older intervals is very
limited such that a reliable characterisation of their source rock potential is not possible. Only a selection
of the most important source intervals will be discussed in the presentation and full details are available as
part of the ISPSG 16/04 project report.
Formations with hydrocarbon generative potential have been identified in all major offshore basins, but
significant differences are seen between basins based on the age and kerogen characteristics of potential
source intervals. In the North Celtic Sea Basin excellent oil potential is seen for the Early Cretaceous
Purbeck Group, where samples are very organic-rich and show high hydrocarbon yields. However, such
excellent source potential of the Early Cretaceous is not seen in any of the other basins. In the Porcupine
Basin the Late Jurassic Dursey and Bolus formations are characterised by a Type II/III to Type II kerogen
composition, indicating mixed oil and gas to oil potential. Further hydrocarbon generative potential,
although likely to be more gas-prone, is seen in Paleogene to Early Cretaceous intervals, as well as in the
Carboniferous Blackthorn Group. The Slyne Basin contains several intervals with source potential from the
Late to Early Jurassic, and the Carboniferous. Best source potential is seen in the Early Jurassic Whitby
Mudstone and Pabay Shale formations, that are characterised by a Type II kerogen composition and good
to excellent oil potential. These intervals show varying characteristics in other basins offshore Ireland and
due to a more terrestrial Type II/III to Type III kerogen composition are mixed oil and gas to gas prone in
the North Celtic Sea Basin, the Fastnet Basin, and Goban Spur.
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Towards more realistic conceptual models of deep-water lobes: controls on NTG
and amalgamation ratio
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Conventional cell-based modelling techniques excel at reproducing spatial statistics, while process-based
methods are proficient at producing geological realism. As a novel halfway approach between them, rulebased methods are an excellent alternative for reproducing geological realism but maintaining a low
computational cost. This is because rule-based modelling considers models as 2D spatio-temporal
surfaces sequentially stacked, mimicking geological processes but without simulating the physical flowdeposit interactions. Each 2D surface - or event - will be influenced by the previous events, while at the
same time it will constrain the following deposits. This is a particularly efficient approach for modelling deepwater lobe systems. Deep-water lobes contain geological features which are very hard to model by other
methods, such as thin but laterally extensive interconnected networks of shale baffles arranged
hierarchically, compensational stacking and erosion. Depositional geological processes result in
heterogeneities that have significant influence on fluid flow paths and recovery factors in deep-water lobe
reservoirs, and therefore properly modelling them is critical in order to make better informed reservoir
management decisions. In this work, a rule-based modelling code for modelling deep-water lobes has been
defined.
To generate a simple model of a lobe, three facies are defined: sand, silt and a shale cover that covers the
entire lobe and plays an impermeable drape role. Each one of the facies may have an associated probability
of deposition, P(deposition), which can lead to scenarios where sand or shale is more or less abundant.
The numerical models are able to reproduce the four-fold lobe hierarchy often seen in natural systems.
From smaller to larger scale, the hierarchical classification used in this work comprises bed to bed-sets,
lobe elements, lobes and lobe complexes, where smaller elements are stacked to define a hierarchically
larger element. The hierarchy is controlled by defining nested areal constraints and the generation of new
larger or smaller hierarchical levels is related to the avulsion and subsequent migration of the lobes, which
will be preferentially deposited on topographic lows. This process emulates the geometries resulting from
hierarchical compensational stacking (figure 1). Additionally, a simple erosion process can be included
based on a probability P(Erosion). This is very important since erosion is the main process to generate
potential sand to sand contacts (amalgamation surfaces) by removal of the shale barriers between
successive sand deposits.
Although the models can be tested from a qualitative perspective, there are few studies quantifying the
properties of rule-based models in deep-water lobe settings. The code has been tested by generating sets
of models using morphological data available in the literature for unconfined and confined settings.
Quantification of the final models show that morphology and dimensions of real systems are honoured.
Furthermore, for each one of the generated models, different propensities for erosion and deposition where
used as an input. Net:gross (NTG) vs amalgamation ratio (AR) relationships describe similar curves to the
ones observed in natural systems, defined by the compression factor, cf (e.g. Mt. Messenger formation,
Ross formation). These relationships demonstrate that different input parameters, and specially, P(erosion)
have an influence on the final properties of the lobes (figure 2). Since the models are similar both
qualitatively and quantitatively to real systems, the code represents an excellent tool for generating realistic
conceptual models of deep-water lobes, which may help us to make better informed reservoir management
decisions.
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Figure 1. Cross sections at two end-member hierarchical scales: lobe complex and bed scale (lobe and
lobe element scale organisation are not highlighted). Both sections have the same dimensions. At the lobe
complex scale (above), deposits shift laterally large distances, looking for topographic lows and describing
compensationally stacked geometries. At the smallest scale, the beds (below) show a completely different
behaviour, describing less lateral migration and more of an aggradational nature.

P(Erosion) = 0.15
P(Sand+Silt) = 1
P(Shale) = 1
Mt. Messenger fm. ___
Ross fm. ___

P(Erosion) = 0.35
P(Sand+Silt) = 1
P(Shale) = 0.5

Figure 2. Net:gross ratio (NTG) vs amalgamation ratio (AR) relationships for two systems described in the
literature and for two models. Lines represent the trends for Mt. Messenger fm. and Ross fm. (cf = 0.03,
0.15 respectively). A) NTG vs AR for a low erosive system, showing similar connectivity properties to the
Mt. Messenger ones. B) Model resembling the Ross fm. as a result of a combination of larger erosive
propensities.
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Sand detachment processes in modern deep marine environments: Analogues for
updip stratigraphic traps
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Stratigraphic traps formed by pinchout of deepwater turbidite reservoir bodies are a key exploration target
in the Porcupine and other basins globally. This play type offers the potential for giant world-class oil fields,
making them a major focus in deepwater drilling environments where high-rate, high-ultimate-recovery
reservoirs are required to satisfy economic thresholds for commercial plays. However, despite some recent
successes, widespread replication of this play type has been difficult, in part due to issues with identifying
effective closure and containment in prospects. A particular issue is the potential for thief sands or gravels
extending updip from the interpreted pinchout point, which may be difficult to resolve on seismic data. Here
we review data from modern turbidite systems (sediment cores, seismic lines, seafloor bathymetry, and
backscatter maps) to provide a clearer understanding of the conditions required to form detached sand
bodies on the seafloor, examining the issue from a sedimentological perspective. In particular, we focus
on deepwater sand bodies with terminations (pinchouts or erosional truncations) at their proximal end
(upslope stratigraphic traps).
The processes forming these geometries may be classified into syndepositional and post-depositional
types and subdivided further based on the specific detachment mechanism involved. Syndepositional
detachment may occur when: 1) sediment gravity flows bypass or erode the seafloor in more proximal parts
of the system; or 2) mass transport deposits undergo flow transformation from slides and poorly sorted
debris flows into turbidity currents, which are able to segregate sand into discrete beds. Bypass may occur
in high-gradient parts of the system, and/or within the channel-lobe transition zone (CLTZ), which is often
characterised by scours and patchily distributed sands and gravels as the transport power of the flow
becomes reduced. Flow transformation can occur at any point below the slope failure, and numerous recent
examples have been documented where this process results in large-scale (100s of km) detached sand
bodies on the seafloor. The switching and abandonment of channels and lobes may also lead to isolation
of formerly active parts of the system, preventing isolated lobes from becoming reconnected by future
backfilling of channel pathways. Post-depositional detachment is dependent upon erosion of the seafloor
and the subsequent infilling by fine-grained sediment; several processes in the deep sea are capable of
eroding the proximal parts of attached systems, including contour currents, slope failures and associated
gravity flows, and the channelised flows that are contained within turbidite systems.
By examining examples of these processes in the modern marine environment, where the geologic and
oceanographic context is known, their controls and occurrence can be analysed in a way not possible with
other data sets. Sea level, sediment supply, and slope gradient often exert the primary control on the
connectivity of the system. The steeper slopes and coarser input sediments of active margins make them
prone to less efficient flows and attached systems, but more susceptible to frequent, small-scale failure
events. Passive margins, despite having lower slopes than active margins, are often the sites of infrequent
(but very large) slope failures and their subsequent turbidites, and are more commonly host to large, finergrained fan systems that result in flow efficiency bypass and detachment. Contour currents operate
independently of sedimentary system properties, and though they may rework turbidite sands into isolated
bodies, their occurrence and effectiveness are currently less predictable. As such, different detachment
mechanisms can be considered in terms of their potential scale, effectiveness and geographic
predictability, providing a valuable resource for the prediction of upslope stratigraphic traps in the
subsurface and modern analogues for subsurface prospects.
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The Jurassic and Cretaceous Petroleum System of the East Flank of the Porcupine
Basin: Implications for prospectivity in Licences FEL 1/17 and 3/13
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The Eastern Flank of the Porcupine Basin remains a large and under-explored play fairway area of
approximately 10 000 Km2 within which both Early Cretaceous and Jurassic play fairway areas have been
defined. These play fairways trend broadly N-S along the eastern flank of the Porcupine Basin, forming a
contiguous area from the FEL 1/17 and FEL 3/13 area to the south and the Connemara area to the north.
The play area includes the 35/8-1 (Burren) and 35/8-2 (Spanish Point) discoveries in Early Cretaceous and
Jurassic reservoirs respectively, extending north to the Connemara area, where Upper Jurassic reservoirs
flowed at a combined rate in excess of 5000 BOPD. The 35/30-1 well defines the western edge of the
Jurassic play, in which gas saturations were identified in generally tight Upper Jurassic sandstones
occurring at depths of 3900 – 4500m below mud line.
These wells demonstrate the presence of effective reservoirs, albeit in generally low N/G systems within
the Upper Jurassic, and the presence of mature oil-prone Upper Jurassic source rocks which provide an
effective charge to both the Early Cretaceous and Jurassic play systems.
Seismic mapping of a proprietary high-resolution 3D seismic data set has also identified a thick, continuous
stratigraphic unit directly beneath the Upper Jurassic syn-rift stratigraphy, which is thought to represent a
potential Pre-Rift (? Middle Jurassic) reservoir, which is undrilled along the Eastern Flank of the Porcupine
Basin.
Within the Cretaceous play fairway area in Licences FEL 1/17 and 3/13, the Wilde, Beckett and Shaw
stratigraphic traps are developed within submarine fan systems which develop from long-lived, welldefined, structurally controlled sediment entry points, and have a dramatic seismic expression. These
eastern fan systems are developed at the base of a much sharper shelf-edge break than seen along the
western margins of the Porcupine Basin. This results in better up-dip trap definition, thicker more compact
fans and clearer evidence for sandstone provenance.
These fan systems are charged by direct vertical migration from underlying mature Upper Jurassic source
rocks. Charge access to these Early Cretaceous systems can be inferred regionally by the presence of
residual oil within the 44/23-1 Dunquin well, and the 35/8-1 Burren discovery which tested oil from thin
Aptian-aged sandstones. The Wilde, Beckett and Shaw fans are situated in a range of 2000 – 3000m below
mud line, and as such are likely to preserve effective reservoir potential.
Mean unrisked prospective resources for these Early Cretaceous prospects are estimated to be 462, 1719
and 747 million barrels of oil equivalent respectively.
Along the eastern margins of the Porcupine Basin, the structural framework of the Middle Jurassic and
older sediments is dominated by faults trending NNE to SSW down throwing towards the east. This fabric
sets up a family of structural culminations in the south of FEL 1/17 forming the Edgeworth and Ervine
prospects amongst others. The orientation of the hanging wall structures is such that they dip west into the
basin and are on-lapped by a mature source-prone Upper Jurassic sequence. This Upper Jurassic interval
is well developed providing an excellent top seal to the well imaged pre-rift tilted fault blocks. This play
configuration is untested along the Eastern Flank of the Porcupine Basin.
In summary, all the main elements of an effective Cretaceous and Jurassic petroleum system can be
identified along the Eastern Flanks of the Porcupine Basin. Recent disappointments in the western portions
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of the basin do not detract from these prospective play configurations that can be delineated from 3D
seismic mapping in combination with the regional well data set.
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Newfoundland and Labrador Update: Emerging Plays
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Nalcor Energy’s exploration strategy has greatly improved our understanding of the petroleum potential of
the province’s offshore basins. By the end of 2019, the TGS/PGS partnership will have acquired over
175,000 kms of offshore broadband 2D seismic data and five large 3D datasets (combined size ~30,000
km2). These multi-client seismic surveys provide modern, high quality datasets allowing new venture teams
to analyse an area ahead of scheduled land sales (Figure 1).
In addition to the seismic programs, Nalcor is working with global leading partners on strategic studies to
evaluate Newfoundland and Labrador’s frontier slope and deepwater basins. These studies are undertaken
to address key risks and scientific uncertainties. They include:

•
•
•
•
•
•
•
•
•

A Full Waveform Inversion (FWI) pilot project.
Structural Restoration project of the Orphan Basin.
Seabed coring, multibeam and heatflow surveys with Fugro in the Orphan Basin and within
the 2019 South-East Newfoundland Call-for-Bids area.
Metocean study which covers all Newfoundland and Labrador offshore.
Fluid inclusion from selected wells.
Drilling metrics report.
Biostratigraphy studies.
Regional geopressure report and a rock physics study by Ikon Science.
Regional source rock study led by PIPCo and conducted by Beicip-Franlab.

A number of these studies have been commissioned and are available for free download on the Nalcor
website.
The new data, studies and reports demonstrate petroleum prospectivity in our under-explored basins at a
level greater than previously known. The independent resource assessments conducted by Beicip-Franlab
for the 2015, 2016, 2018 and 2019 Call-for-Bids areas predict the potential for material volumes of
hydrocarbon accumulations. These resource assessments are also available on the Nalcor Energy
website.
The newly collected has identified many new plays, and over 650 leads and prospects have been
inventoried. Prospects like Cape Freels, an Eocene-aged, turbidite fan complex have been imaged on the
3D and regional 2D seismic data2. Rock physics modelling of the AVO response on 3D data has provided
important insights into the potential fluid charge within these turbidites3. Regionally with high quality 3D
datasets and 5x5 km 2 2D data, fan complexes, structural/stratigraphic leads of Cretaceous age and
numerous Jurassic structural leads, all of which are demonstrating strong AVO responses, are imaged in
the Orphan Basin and Eastern Jeanne d’Arc areas4,5,6. The South-Eastern Newfoundland area of the 2019
Call-for-Bids is also demonstrating structural and stratigraphic plays in the Cenozoic, Cretaceous and
Jurassic. A number of these leads are aligning with seabed coring results, showing the captured
hydrocarbons in the core are thermogenic in origin7.
Nalcor Energy’s exploration strategy continues to build our knowledge and understanding of petroleum
prospectivity of the province’s offshore basins. Our partnerships are critically important to the successful
implementation of this strategy. Additionally, partnership and collaboration with researchers at Memorial

October 2019

Page 46

ATLANTIC IRELAND 2019
University of Newfoundland and universities and research institutes in Ireland and the UK have contributed
to this success.
The strategy will ensure sufficient data and information will be available to industry ahead of future
scheduled land sales. This will allow the industry to make informed investment decisions potentially leading
to major new discoveries in the future.
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Figure 1: Map of Nalcor/TGS/PGS seismic data acquisition to 2019 and upcoming licensing rounds.
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Sequence Stratigraphic interpretation of Organic-rich Source Rocks within North
Atlantic Conjugate Margin Basins: integration of Rock-Eval, maturity,
biostratigraphy, and log-derived TOC datasets
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This presentation summarises current work-in-progress by Husky Energy Inc. to develop a predictive
Sequence Stratigraphic framework for hydrocarbon source rock occurrences and distributions within the
Jeanne d’Arc, Flemish Pass, and Orphan Basins offshore Canada, and their conjugate basins offshore
Ireland. This ongoing study is based upon integration of datasets from several strategically selected wells
within the respective basins. A current focus is the development and refinement of well log-based methods
for TOC (Total Organic Carbon) estimation, enabling: 1) close match to TOC data measured from RockEval sample analyses, 2) prediction of TOC profiles in wells lacking Rock-Eval data, and 3) rendering and
identification of TOC log motifs that reflect distinctive depositional styles and stratal stacking patterns of
organic-rich source beds. The log TOC analyses support sequence stratigraphic interpretation of source
rock occurrences, when combined with other geological datasets (e.g. organo-facies, biostratigraphy, and
structural-stratigraphic position). These integrated datasets are being interpreted within both local and
regional settings, as well as compared and linked to conjugate stratigraphic frameworks established
through studies such as the recent “Atlas of Source Rocks in Mesozoic Basins of the North Atlantic
Conjugate Margin, Offshore Newfoundland-Labrador and Offshore Ireland” (Beicip-Franlab, 2017).

Figure 1. Bathymetry map, offshore Newfoundland and Labrador, Canada, showing Mesozoic basins
(green overlay) and well locations. Wells currently used in this study are highlighted by yellow circles.
Map Source: Nalcor Energy Oil and Gas, Nalcor Exploration Strategy System (NESS),
https://ness.nalcorenergy.com/vcc/htmlclient/?savedView=7e6454b9-7c34-457d-b452-f27012410281
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Figure 2. Bathymetry map, offshore Ireland, showing basins (yellow overlay) with wells currently used
in this study (magenta squares). Map Source: Petroleum Affairs Division of the Department of
Communications, Energy and Natural Resources, Ireland, Integrated Petroleum Affairs System,
http://gis.dcenr.gov.ie/internetIPAS/servlet/internet/IPAS2IDisplayGlobalIMFViewer

Figure 3. Example of log-derived organic richness profile from well 18/25-1, within the Corrib Field, Slyne
Basin, offshore Ireland (early Toarcian interval; see right-hand track, calculated versus measured TOC).
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Revisiting the Upper Jurassic sediment deposition in the Grand Banks area,
Newfoundland, Canada
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The Upper Jurassic time period in the Grand Banks area has proven to be an important time interval
regarding major source rock contributions from the Kimmeridgian and Tithonian period as well as the
provision of good siliciclastic and carbonate reservoir fairways for major fields to work.
The Kimmeridgian Egret Member in the Jeanne d’Arc Basin likely provides the major source for the
surrounding giant oil fields and smaller discoveries for which Wood Mackenzie is reporting a total ultimate
resource of over 6.1 bboe with major contributions from the Hibernia, White Rose, Terra Nova and Hebron
fields. Evidence of charge access into the overlying structures is generally strong as seen in the fields and
many smaller explored structures. This suggests the potential of a far-reaching working petroleum system
which may provide support for more hydrocarbon discoveries in this basin.
An upper Jurassic source rock in the underexplored Flemish Pass Basin is assumed to be sourcing fields
like Bay du Nord, Mizzen North, Harpoon and others, which revealed total recoverable resources of around
600 mmboe (Wood Mackenzie). The exploration efforts during the last 10 years de-risked the Upper
Jurassic play fairway in this remote frontier area but more exploration and appraisal activity is needed to
assess the commerciality of the region and to possibly support a new, remote standalone hub.
Many people have worked to improve the understanding of the depositional history of this time period over
the past +30 years. Revisiting and integrating their contributions into a bigger regional picture provides an
insight into the known parameters of the complex petroleum system, but also highlights the data and
knowledge gaps which could be addressed in the future and are currently captured in uncertainty
statements and risk calculations.
During the Mesozoic, several rifting processes triggered major tectonic events, which influenced sediment
transport as well as source rock and reservoir rock deposition. Upper Jurassic reservoirs could have been
sourced from provenances which are now situated on the conjugate margins. Fossil derived paleobathymetry data and mineral derived provenance
information can give insight about paleo-waterdepth
and sediment influx direction.
Integrating observations and contributions from the
conjugate margins helps to deduce sedimentation
patterns and to make important inferences in support
of a mega regional framework, which is useful for
delineating potential hydrocarbon play fairways within
the area of interest.
This presentation summarises previous observations
and integrates key regional trends on the Grand Banks
and the conjugate margins to identify Upper Jurassic
source rock and reservoir depositional patterns
offshore Newfoundland.
Figure 1. Paleogeographic Reconstruction (Blakey, 2012)
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No Rockall Basin in the Late Jurassic: towards an age limit on an over-used
palaeogeographic feature
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A common theme of published Jurassic
palaeogeographies (e.g. Ziegler, 1990)
is the depiction of a major, deep water
basin system NW of Ireland and Britain
forming a precursor to the present-day
Rockall Basin. Given the key role of the
Jurassic in NW European petroleum
systems, this observation is critical.
And yet, while seismic data and shallow
drilling have confirmed the limited
development of perched Triassic to
Jurassic aged basins along the margins
of the present-day Rockall Basin and
Porcupine High, evidence for the
through-going marine connection from
the North Viking Graben and FaroeShetland Basin to the Canadian East
orphan / Flemish Pass / Jeanne d’Arc
basins prior to the Cretaceous is scant.
The presence of such a major marine
connection is countered by the longknown Jurassic faunal provinciality (e.g.
Arkell, 1933; Hallam, 1975) between
separate northern or Boreal temperate,
cool water faunas with predominant clastic / shale facies and southern Tethyan sub-tropical carbonate
facies. This faunal provinciality is particularly well developed in the Late Jurassic, with hydrocarbon source
rock geochemistry providing further confirmation for the lack of a major connection through the present day
Rockall Basin area. Rich marine oil-prone kerogens of the Kimmeridge Clay / Draupne Formations with a
clear Boreal affinity appear not to extend beyond the marginal North Rockall Basin which straddles the UK/
Ireland border. In these shales, anoxic deposition is indicated by the presence of the 28,30-bisnorhopane
biomarker. However, south-westwards in the Porcupine Basin and conjugate East Orphan and Flemish
Pass Basins the similar age Late Jurassic source rocks are of very different character, typically of nonmarine fluvio-deltaic to lacustrine facies with marine influences, with Tethyan affinity. Here the kerogens
are predominantly of mixed Type II/III, containing variable amounts of the gammacerane biomarker
indicating hypersaline depositional conditions beneath stratified waters. While some marine kerogens are
present, these appear related to influences from the opening Central Atlantic Ocean to the south with late
Jurassic carbonate facies source rocks occurring to the south-west in the Jeanne d’Arc Basin. Carbon
isotopes and C28/C29 steranes, along with other source rock biomarkers, also show similar variations
between the Boreal and Tethyan realms.
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Deep marine basinal conditions through the Rockall Basin area appear not to have been developed until
the Early Cretaceous Aptian/Albian with the development of through-going connections between the
incipient North Atlantic Ocean / Bay of Biscay and the Faroe-Shetland/More/Voring Basins off Scotland
and Norway.

Based on this evidence, the pre-Cretaceous presence of a deep water, through going basin system north
west of Britain and Ireland connecting the incipient Central Atlantic Ocean with the North Viking Graben
and beyond in the Late Jurassic appears very unlikely. Palaeogeographic maps showing this feature are
allowing present day bathymetry to bias our picture of the past and are creating a false sense of continuity
in the Jurassic petroleum systems.
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Sampling sediments in Hatton and Ammassalik basins - conjugate margin studies
to unravel the paleographic evolution of the North Atlantic region
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The Atlantic Ocean between Greenland and Europe opened around 56 million years ago, marking the
culmination of a protracted period of extension which formed a series of major sedimentary basins
straddling the north Atlantic. Despite these basins including some of the world’s most important
hydrocarbon systems, the timing, configuration and depositional environments of the region prior to the
formation of the Atlantic Ocean remain uncertain. The Geological Survey of Denmark and Greenland, the
British Geological Survey, and Geological Survey Ireland have been collaborating to carry out a conjugate
margin study with a particular focus on possible Mesozoic seaways between SE Greenland and Hatton
Bank/Rockall Plateau, a feature shown on most paleogeographic maps going as far back as the Permian,
but the direct evidence for which is currently lacking.
Recent work on the two conjugate pairs has documented the presence of Cretaceous sediments along the
Hatton Basin that are exposed in windows where the basalt cover is missing. These sediments are similar
to Cretaceous samples recovered from offshore SE Greenland within the Ammassalik Basin (Figure 1).

Figure 1. Overview map of the North Atlantic highlighting the location of the Ammassalik Basin off SE
Greenland in relation to the Hatton margin. Tan colors are structural highs and grey shading is bathymetry
and topography. Modified from Gerlings et al. (2017).
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Figure 2. Mid-Cretaceous reconstruction of the sedimentary sequences of Hatton margin to the Greenland
margin. Modified from Gerlings et al. (2017).
Plate reconstructions show that the Hatton margin sediments are along strike from the Ammassalik Basin
sediments, suggesting a significant Cretaceous basin system (Gerlings et al., 2017, Figure 2).
Interpretation of seismic and gravity data show that the Ammassalik Basin is at least 4 km deep and is
regionally extensive. Dipping strata indicate the stratigraphic thickness is also considerable and that much
older sediments are present below the sediments that were sampled at site SEG80B, which were just below
the Paleogene basalt. In several areas of the basin, dipping strata subcrop close to the seafloor, providing
an opportunity to sample older sequences with shallow coring systems.
A key part of the collaboration is to collect new data to better constrain the history of this basin system. The
first phase involves collection of new seismic data over the poorly studied Ammassalik Basin off SE
Greenland. This is planned for late summer 2020 using a Danish naval vessel that supports research and
can accommodate a portable seismic acquisition system run by Aarhus University and GEUS. The second
phase will include sampling of the older sediments on both sides of the Atlantic with the 50 m RockDrill
operated by BGS. In addition to collecting new seismic data and sediment samples from the older basins,
the projects will provide an opportunity for ecological and oceanographic work in an area with many
interesting features, including the UK's only deep water cold seep. The new data will provide key new
information on the palaeogeographic evolution of the North Atlantic region with important implications for
regional hydrocarbon exploration models.
References
Gerlings, J., Hopper, J.R., Fyhn, M.B.W, and Frandsen, N., 2017, Mesozoic and older rift basin on the SE
Greenland shelf near Ammassalik, in Peron-Pinvidic, G., Hopper, J.R., Stoker, M., Gaina, C., Doornenbal,
J.C., Funck, T., & Árting, U., The NE Atlantic Region: A Reappraisal of Crustal Structure,
Tectonostratigraphy and Magmatic Evolution. Geological Society London Special Publications, 447, 375392, doi:10.1144/SP447.15.

October 2019

Page 54

ATLANTIC IRELAND 2019
A Health Check of Irish Cold Water Coral Habitats: Insights from an Integrated
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Submarine canyons are vast, steep-sided geomorphological features that cut through continental slopes
globally. Channelling flow from the shelf to the deep sea, organic matter and sediment flux at these sites
are common. As a result, submarine canyons can host and sustain a range of benthic habitats. The
Porcupine Bank Canyon, NE Atlantic, is a tectonically initiated canyon, cut-off from direct terrigenous input.
Ranging from -600 m to -3000 m water depth, the canyon hosts a range of cold water coral habitat types
(reefs and mounds, coral gardens, isolated colonies and coral carbonate talus slopes).

Figure 1. Map showing the Porcupine Bank Canyon Special Area of Conservation (red box) and Belgica
Mound Province Special Area of Conservation (yellow box)
This large project uses Irish state of the art and new innovative marine exploration and analysis
technologies to explore and monitor the cold water coral habitats within the Porcupine Bank Canyon and
relate to ocean-climate environmental dynamics. The project employs multiscale mapping (hull-mounted
and ROV-based multibeam bathymetry and novel 3D photogrammetric reconstructions) for geostatistical
analysis and habitat characterisation. Imaged habitats are sampled (ROV-vibrocores, CTD casts, water
samples and bio-samples) and equipped with deep water “landers” to continuously quantify and
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characterise allogenic environmental controls (current variability and sediment dynamics). Habitats are
quantitatively characterised at 1:1 (video: morphology) and show a significant variability where cold water
coral mounds appear to host less live coral than the lesser-studied coral garden habitats.

Figure 2. Map showing ROV-video derived 3D orthomosaic (top) and digital elevation model (bottom)
Temporally, CT-scan led core studies throughout the habitats reveal that growth was punctuated through
time. This growth and cessation coupled with modern variability may provide insight on how these cold
water coral habitats respond to changes in their environment. This project aims to produce a series of
reports that will reveal potential impact responses of Irish deep water coral habitats to climate change and
facilitate knowledge-based recommendations for effective management. On a wider scale, this project adds
to Irish seabed mapping capacity, develops a critical mass to generate large consortia, building further
capacity and relationships with industrial (hydrocarbon)/international partners.
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An Appraisal of National Oil Spill Response Capability in Ireland
Saunders, S.1, Endean, T.1, Nagle, H.1, Whitely, L.1, Wilkinson, C.1, Colgan E.1,
McElhinney, G.1, Forde, J.1
1

RPS Group

Email: SaundersS@rpsgroup.com

The Petroleum Infrastructure Programme (PIP) commissioned RPS to undertake An Appraisal of National
Oil Spill Response Capability in Ireland. The objectives of the study were to:
• Describe the principals of oil spill response and internationally accepted strategies for the
management of spills;
• Verify that the standard components of an oil spill response plan are executable in Ireland;
• Verify that the required response equipment and systems are in place in Ireland and assess
compliance with regulatory requirements and industry best practice; and
• Benchmark the oil spill response capability in Ireland to that of other jurisdictions.
To inform this study, a review was undertaken of published international guidelines and technical papers
on oil spill response, and of the regulatory framework in place in Ireland and in the States identified for
benchmarking (namely, the UK, Denmark, Norway and Australia). An overview of the behaviour and fate
of oil spills in the marine environment and the management and clean-up strategies available was also
presented.
To determine the current status of oil spill preparedness and response capability in Ireland consultations
were held with key organisations including regulatory bodies, local authorities, port/ harbour authorities and
industry stakeholders. The oil spill response equipment and systems were assessed for compliance with
existing national legislation, international conventions and industry best practice.
Benchmarking of the findings was also undertaken against oil spill preparedness regimes in the UK,
Denmark, Norway and Australia.
The oil spill response industry functions on the widely accepted Tiered response concept with responses
categorised according to the level of resources required to adequately manage a spill event (Figure 1). A
Tier 1 level response is the lowest response level required to deal with a small localised spill incident;
Typically, resources required for a Tier 1 response are available locally. For a Tier 2 level incident,
resources are provided on a regional level by local authorities, port/ harbour authorities, oil spill response
contractors and possibly government agencies (if available). While for a Tier 3 level incident, resources
from national and possibly international sources are required to adequately combat the pollution.

Figure 1. The Tiered response concept
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In general, Ireland is in a good state of preparedness to deal with a Tier 3 oil spill incident. The Irish Coast
Guard (IRCG), which is designated under national legislation as the national agency for national marine
pollution contingency planning, preparedness and response coordination, is fully aware of its roles and
responsibilities. The IRCG own and control significant national stockpiles of response equipment for
shoreline protection and spill containment/ recovery.
The main area of concern is the perceived lack of understanding among stakeholders surrounding the use
of the IRCG stockpile equipment. Many local authorities and some port / harbour authorities have indicated
that they anticipate any response to spill events above a Tier 1 level would be provided by the IRCG using
equipment from the national stockpiles. It is recommended that authorities re-familiarise themselves with
their responsibilities with respect to Tier 1 and Tier 2 oil spill responses and the circumstances whereby
the IRCG stockpiles can be deployed by the IRCG. It is also recommended that the relevant authorities
take the appropriate steps to ensure that adequate resources are available to them for Tier 1 and Tier 2
responses which are commensurate to the local risks identified.
Acknowledgements
RPS would also like to thank all participants for their valuable time and efforts to cooperate, attend
meetings, complete questionnaires and for providing supporting documents and facilitating visits to spill
response equipment stockpiles. Without this co-operation this study would not have been possible.
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IS18/07 - Oil Spill Environmental Sensitivity Mapping Project
McNicoll, I.1, Sutton, G.2, Lee, J.1, Munro, C.1, Blaen, S.3
1

ERM. Email: ingeborg.mcnicoll@erm.com
MaREI. Email: gerry.sutton@ucc.ie
3
OSRL. Email: SimonBlaen@oilspillresponse.com
2

PIPCo required a Geographical Information System (GIS) containing all the elements that could be
impacted by a potential oil spill occurring offshore to the West and South coasts of Ireland. The GIS
database will inform the classification of the coastline with a sensitivity ranking system based on IPIECA’s
classifications (Sensitivity Mapping for oil spill response – Good practice guidelines for incident
management and emergency response personnel 2012). This will enable the determination of areas
sensitive to the greatest financial or ecological impact. When combined with outputs from oil spill modelling,
these will enable repeatable and reasonable determinations of financial exposure to be made, which in turn
will assist in defining the most appropriate locations for spill response infrastructure to be installed. The
Project Plan is shown below.

Figure 1. Project Plan
ERM together with MaREI conducted extensive stakeholder engagement to inform on the process and help
identify additional datasets that would significantly improve the quality of the final maps. For the tactical oil
spill sensitivity maps there will be three continuous lines separately showing sensitivity of shoreline type,
sensitivity of biological resources and sensitivity of socio-economic resources.
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Figure 2. Example of Tactical Oil spill Sensitivity Map
Two small pilot areas (Areas 1 Shannon Harbour & 2 Clare Coast) were chosen to produce strategic oil
spill sensitivity maps with rankings (applying existing classifications – IUCN red list, CEDRE) using the map
based approach in consultation with the SEAPT and other relevant stakeholders. This map will have one
line that represents the cumulative sensitivity (a single line for coastal vulnerability, which integrates the
three main components geomorphological type, biological resources and human resources.
The methodology for combining the sensitivity ranking will be developed through the stakeholder
consultation with e.g. SEAPT and others. The IS18/07 Project will thus deliver a strategic level mapping
template for use by the various stakeholders who will subsequently develop operational sensitivity maps
depending on their localised or regional operational requirements after this IS18/07 project is completed.
Oil spill modelling will be undertaken for representative offshore drilling scenarios at a range of locations
around the Irish coastline. The results of the oil spill modelling will be combined with the sensitivity analysis
and a risk assessment will be conducted providing an estimated cost for clean up of the shoreline areas
together with an assessment of currently proposed response equipment locations.
Together with the Sensitivity Maps, the oil spill modelling outcomes and risk assessment will support the
identification of the high risk areas in the context of offshore drilling activities.
This presentation will provide a status update of this project which is due to be completed by the end of
November 2019.
Acknowledgements
We gratefully acknowledge the contributions made by all of those who attended the stakeholder meetings
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INFOMAR Ireland’s Seabed Mapping Programme
O’Toole, R.1
1

Geological Survey of Ireland (GSI)/INFOMAR
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Anatomy of early continental rifting: An integrated pedofacies, spectral gamma
and paleomagnetic approach
Alshawib, A.1, Nicholas, C. J.1
1

Department of Geology, School of Natural Sciences, Trinity College, University of Dublin, Republic of Ireland

Hydrocarbon exploration in offshore Atlantic Ireland rift basins carries significant risk for a number of
different reasons and currently remains overly dependent upon seismic surveys and their interpretation.
Finding and documenting high-resolution, onshore analogue examples of continental syn-rift sedimentary
lithofacies architecture and depositional styles will potentially help de-risk exploration in these basins in the
future. The Lake Albert rift basin of the East African Rift System (EARS) exhibits all the classic tectonic,
sedimentary, geomorphological and hydrological features of the early stages of continental rifting and has
been used by exploration companies in the past as a direct recent analogue for the central North Celtic
Sea Basin; it is of a similar structural size and style to Lake Albert, but with a fluvio-lacustrine fill from Upper
Jurassic - Cretaceous. Also, the onshore Lusitanian Basin of coastal Portugal exposes a series of
sedimentary sections which are characteristic of the early to mid-stages of continental rifting. As the
geographically closest rift basin to offshore Atlantic Irish basins, it could potentially also be used as a direct
analogue for the Porcupine and North Celtic Sea basins as they are of a similar structural size, style and
age to the Lusitanian Basin, with syn-rift deposits of Late Triassic to Late Jurassic age and ranging from
fluvial lacustrine to deep marine deposits. A detailed study is currently underway to geochemically
fingerprint a range of known sedimentary paleo-environments in the Uganda and Portuguese sections, with
which to then model the well log responses from both the North Celtic Sea and Porcupine basins.

Rapid characterisation of apatite elemental distribution with LA-Q-ICPMS and the
map interrogation tool “Monocle”: implications for fission track analysis
Ansberque, C.1, Chew, D.1, Drost, K.1
1

Department of Geology, Museum Building, Trinity College Dublin, College Green, Dublin 2, Ireland;

One of the main drawbacks of the apatite fission track (AFT) method is that not every sample yields
sufficient high-quality, un-zoned apatite grains with high spontaneous fission track densities. Counting
zoned or damaged grains is thus sometimes unavoidable, while grains with low-track densities (low-U
and/or very young apatites) cannot be excluded as this may bias the resultant fission track age. Current
approaches to AFT dating by LA-ICPMS typically employs a spot ablation approach [1]. This method works
extremely well when the U distribution is homogenous, and this rapid approach can also produce multielement data (e.g. REE, Cl, other trace elements) which yields extra information on annealing kinetics or
apatite provenance. However, in cases of U zoning or low-U grains where there are too few spontaneous
fission tracks to detect zoning, it can be difficult to know where to place a representative LA-ICPMS spot.
In contrast, a major strength of the external detector method (EDM) is that data are collected from identical
areas on apatite grains and their mirror images in the muscovite detector, and therefore within-grain U
heterogeneity is accommodated by this technique.
An alternative to spot analysis is to produce apatite U-distribution maps by LA-ICPMS which can then be
spatially linked to the fission-track density. In this study, fission tracks were counted on apatite standards
(Durango, Fish Canyon Tuff) and unknowns with (i) complex U zonation; (ii) cracks; or (iii) a low U-content;
all previously dated by EDM. Uranium maps were then acquired using a Photon Machines Analyte Excite
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laser with an aerosol transfer device (ARIS; [2]) coupled to an Agilent 7900 ICPMS. Elemental maps were
made using Iolite [3] and interrogated using the Monocle tool [4] for sub-domains of variable size within the
zone of counted tracks. This mapping approach represents a new benchmark for the AFT method by LAICPMS.
[1] Chew and Donelick 2012, Min. Assoc. of Canada Short Course 42, 219-247. [2] van Malderen et al.,
2015, J. Anal. At. Spectrom., vol. 30 (1), 119 – 125 [3] Paton et al., 2011, J. Anal. At. Spectrom., vol.26,
2058 – 2518 [4] Petrus et al., 2017, Chem. Geol., vol. 463, 76 – 93
This project is funded by the Petroleum Infrastructure Programme (PIP).

Investigating the link between stress, pore pressure, and slow slip events in New
Zealand
Behboudi, E.1, Lokmer, I.1, McNamara, D.D.2, Manzocchi, T.1, Wallace, L.3, Saffer, D.4, Barnes,
P.5, Pecher, I.6, Lee, H.7, Kim, G.8, Hung-Yu, W.9, Petronotis, K.10, LeVay, L.10, Expedition 372
Scientists10, Expedition 375 Scientists10
1
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Department of Earth, Ocean and Ecological Sciences, University of Liverpool, UK.
3
4
Natural Hazards, GNS Science, Lower Hutt, New Zealand.
Department of Geosciences, Penn State, USA
5
6
NIWA, New Zealand
School of Environment, University of Auckland, New Zealand
7
National Institute of Meteorological Research, South Korea
8
Korea Institute of Geoscience and Mineral Resources, South Korea
9
Institute for Research on Earth Evolution, Japan Agency for Marine-Earth Science, Japan
10
International Ocean Discovery Program, Texas A&M University, USA
2

The Hikurangi subduction margin (HSM) of New Zealand is a well-known site for shallow occurrence of
slow slip earthquakes (SSEs). The physical mechanisms of slow slip earthquakes and their relationship to
seismic slip are not well constrained, and so they represent a challenge to better quantification of hazard
posed to the New Zealand. This project seeks to explore the likely interlinked role of stress, pore pressure
and subduction dynamics along and across the HSM to establish the potential role stress field variability
may play in the spatial distribution of seismic behaviour along the HSM plate interface.
In order to investigate the existence and the nature of the link between SSEs and Shallow contemporary
stress field, the borehole image logs from the IODP 372 Expedition (drilled in the part of HSM that
experiences slow slip plate behaviour) and industry well dataset were used. Borehole breakouts (BOs) and
drilling-induced fractures (DIFs) are important indicators of horizontal stress orientation that could be
identified from borehole image logs. BOs generally occur in the minimum principal stress direction around
the wellbore, where the stress concentration is the largest while DIFs occur in the maximum principal stress
direction around the wellbore, where the hoop stress is tensional. The maximum stress orientation from
borehole image logs shows that in the area where SSEs occur, the orientation of maximum horizontal
stress varies from NE-SW in the north to the NE-SW in the south of North Island that is locked according
to GPS data observations.
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The role of tectonic evolution, crustal structure and multiphase magmatism in the
evolution of the Hatton rifted continental margin, offshore Ireland, using seismic
reflection and potential field methods
Bérdi, L.1,2,3, Prada, M.4, O’Reilly, B.1,2, Shannon, P.2,3, Haughton, P.2,3
1

Dublin Institute for Advanced Studies, Geophysics Section, 5 Merrion Square, Dublin 2, Ireland
Email: lberdi@cp.dias.ie
2
Irish Centre for Research in Applied Geosciences (iCRAG), O'Brien Centre for Science (East), University College
Dublin, Belfield, Dublin 4, Ireland
3
School of Earth Sciences, University College Dublin, Belfield, Dublin 4, Ireland
4
Barcelona-CSI, Inst. de Ciències del Mar-CSIC, Barcelona, Spain
The Hatton Basin is located next to the continent-ocean boundary in the Irish offshore, east of the Hatton
passive volcanic Continental Margin. It is bounded by the Rockall Bank to the east and by the Hatton High
to the west.
We use modern multichannel seismic (MCS) data acquired with a 10km-long streamer, together with
DSDP- and potential field data to explore the formation processes of the basin. The seismic reflection and
DSDP data combined with analogues from the Rockall, Porcupine and Slyne-Erris basins suggest the
presence of Mesozoic to Holocene sediments. Seismic data indicates that one major syn-breakup, and
some minor post-breakup magmatic phases influenced the evolution of the Hatton Basin.
Both magnetic and gravity data show NNE-SSW trending lineaments of positive anomalies, extending from
the centre of the basin towards the southern end. The locations of the mapped paleo-volcanoes in the basin
are spatially coincident to these anomalies. Magnetic and gravity modelling showed that the existence of
the NNE-SSW trending anomalies cannot be explained by shallow magmatic intrusions observed on the
seismic reflection data, indicating that the anomalies represent deep-seated features in the basin. In order
to fit the potential field data observed along the seismic reflection profiles, magmatic intrusions in the middle
crust had to be introduced into the 2D models.
This publication has emanated from research supported in part by a research grant from Science
Foundation Ireland (SFI) under Grant Number 13/RC/2092 and co-funded under the European Regional
Development Fund and by PIPCO RSG and its member companies.

A hierarchical compression-based geomodelling workflow for Petrel
Carneiro, M.1, Manzocchi, T.1
1

iCRAG and Fault Analysis Group, School of Earth Sciences, University College Dublin, Ireland.
Email: mvcmartins@icrag-centre.org
Most classic geomodelling techniques (variogram-based, object-based, multiple-point statistics-based) are
limited in their ability to reproduce poorly amalgamated but high net:gross successions, resulting in
overestimated reservoir connectivity and hence poor predictions of reservoir flow. In the standard objectmodelling approach, object placement is usually arbitrary and non-hierarchical, and the amalgamation ratio
is equal to the net:gross if the objects have equal thicknesses. An innovative grid-transformation method
(the compression algorithm) allows object-based models to be generated with independent net:gross and
amalgamation ratios and has been implemented in Schlumberger’s Petrel software. The implementation
comprises five new Petrel plug-ins with an overall flexible design that aims to avoid imposition of a rigid
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workflow. The first plug-in deals with the large-scale, deterministic reservoir components, and reconstructs
the pre-erosional geometry of the reservoir zones. The second plug-in calculates the modelling parameters
associated with the compression algorithm that are used in the succeeding steps of the workflow. The third
plugin (a very simple hierarchical object-based modeller) complements existing functionality to produce the
initial facies model, which is then transformed to its final state in the fourth plug-in which applies the
compression algorithm. The fifth plug-in resolves zone erosions, combine the zones into a single model
with various grid-cell combination options designed to decrease grid size without affecting the overall
connectivity.

Investigating acoustic noise propagation across various continental margin
settings
Daly, E.1, 2, Brown, C.3, White, M.1, 2
1

Earth and Ocean Sciences, School of Natural Sciences, N.U.I., Galway
Irish Centre for Research in Applied Geosciences iCRAG
3
Ryan Institute, N.U.I., Galway
2

Seismic activities for hydrocarbon exploration are often concentrated near continental margins, which are
a focus for numerous, varied and important ecosystems. In particular the complex topographic nature of
such margins, such as that found in Ireland’s offshore, make the evaluation of noise propagation levels
difficult to map in 3D space.
The levels and distances from source where this noise becomes harmful are controlled by various factors,
including water column properties, bathymetry, topography and shallow sub-seafloor geology. Through use
of a dedicated airgun/hydrophone survey, initial evaluation of the 3D sound space in a continental margin
region hosting a canyon was made SW of Ireland. Initial results suggest that, during passage of a seismic
survey line, the variation in 2D/3D pathways from source to receiver location is highly complex, displaying
noise focussing/reflection, dissipation and multiple pathways. This results in the sound within a canyon
being highly variable in magnitude with multiple pathways altering enhanced noise periodicity. Variability in
underwater noise levels will also be generated by other anthropogenic sources such as passing ships,
especially bottom trawlers which focus efforts at the continental margin.
When comparing canyon versus slope, the differences in noise behaviour demonstrate the impact of more
severe topography and its inherent three-dimensional complexity. These differences highlight the need for
further research in 3 dimensional aspects of noise propagation, and applied evidence in any future
moderation of offshore noise regulations.
This publication/presentation* has emanated from research supported in part by a research grant from
Science Foundation Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the European
Regional Development Fund and by PIPCO RSG and its member companies
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Distribution and behaviour of pelagic foraging seabirds
Darby, J.1,2, de Grissac, S.3, Quinn, J.1, Jessopp, M.1,2
1

School of Biological, Earth and Environmental Sciences, University College Cork, Ireland
MaREI Centre, Environmental Research Institute, University College Cork, Ireland
3
Swansea University, Swansea, Wales
2

Seabirds represent species of conservation concern, with declining populations throughout Britain and
Ireland. In addition to demonstrably low overlap between protected areas and Irish seabirds predicted atsea distributions (Critchley et al, 2018), recent development of a seabird Oil Vulnerability Index (OVI) placed
fulmars and Manx shearwaters at highest risk from oil pollution, largely due to their foraging tactics and
range (Critchley, 2018). There is some evidence that fulmars also actively avoid surface oil, so chronic
surface oil around extraction infrastructure may restrict their foraging range (Lorentsen & Anker-Nilssen,
1993). This makes understanding at-sea distribution an important step in effective designation of areas of
conservation for seabird protection. The movements of such pelagic foraging seabirds can now be studied
in detail due to advances in telemetric devices and technology.
In 2018 and 2019, northern fulmars were GPS tracked from their colony on Little Saltee. Fifteen extended
foraging trip tracks from 11 individuals were retrieved. Tracks showed several fulmars foraging in the Celtic
Deep area between Wales and southeast Ireland, which is intensely fished. Other tracks show fulmars
travelling southwest along the coast of Ireland towards the Old Head of Kinsale, an area with oil and gas
extraction activities. Further work will also investigate the foraging distribution of Manx shearwaters.
Ongoing analysis will focus on identifying important foraging hotspots as well as environmental cues that
trigger foraging behaviour. This information may inform the designation and management of Irish MPAs
and mitigate the detrimental effects of anthropogenic activities to seabird populations.
This project is co-funded by the Petroleum Infrastructure Programme (PIP) and an Irish Research Council
Enterprise Partnership postgraduate award.

Fault-bend folding associated with normal faults in Porcupine Basin
Delogkos, E.1, Saqab, M.M.1,2, Walsh, J.1, Roche, V.1 Childs, C.1
1

Irish Centre for Research in Applied Geosciences (iCRAG), UCD School of Earth Sciences, University College Dublin, Ireland
Norwegian Geotechnical Institute, St Georges Terrace, Perth WA 6000, Australia

2

Normal faults in the Porcupine Basin often have associated hanging wall folding the origin of which is
sometimes unclear, with interpretations ranging from inversion through to salt-related folding. This study
investigates the development of these structures using a fault-bend folding model, in which folding is linked
to irregular fault surface geometries arising from different processes including refraction and segmentation.
The underpinning conceptual framework of this model is that a fault with an average dip and constant
displacement on a large-scale, will have irregular geometries on smaller scales, the presence of which will
generate fault-related folds. The purpose of the study is to provide a rationale for hanging wall fold
development linked to 3D fault geometries, without a requirement for additional complicating factors,
including inversion and halokinesis. We also show that there are several practical implications of this type
of deformation including (i) definition of across-fault juxtaposition and sealing and (ii) the generation of
hanging wall fault-related traps, both in terms of four-way and three-way dip closures.
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We present a simple model which illustrates the range of deformation arising from movement on fault
surface irregularities, with fault-bend folding generating geometries reminiscent of both normal drag and
reverse drag. Our model highlights how along-fault displacements are partitioned between continuous (i.e.
folding) and discontinuous (i.e. displacement) strain along fault bends characterised by the full range of
fault dip changes. We also show that fault throw, the pre-eminent measure of the displacement on normal
faults, can be subject to errors of +/- ca. 10% for realistic fault bend geometries (ca. 30°), even on subplanar faults with constant displacement. This effect will provide apparently more irregular variations in
throw and bed geometries that must be accounted for in associated kinematic interpretations. These
variations are also inextricably linked to the generation of fault-related downside traps and to complex
juxtaposition effects and are an inevitable consequence of movement on natural non-planar normal fault
surfaces.
This publication has emanated from research supported in part by a research grant from Science
Foundation Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the European Regional
Development Fund and by PIPCO RSG and its members companies.

Shorelines: The Coastal Atlas of Ireland
Devoy, R.1,2, Cummins, V.2,3, Brunt, B.1, Bartlett, D.1, Kandrot, S.2, Kozachenko, M.4
Department of Geography, University College Cork
Marine and Renewable Energy Ireland (MaREI) Centre, Environmental Research Institute (ERI), University College
Cork (UCC)
3
School of Biological, Earth and Environmental Sciences (BEES), University College Cork (UCC)
4
Independent Coastal & Marine Scientist
1
2

Visually stunning, accessible and an academic tour de force; Shorelines: The Coastal Atlas of Ireland will
resonate with everybody who has a connection to Ireland and anybody with an interest in coasts. Ireland
as surrounded by ocean, has often been referred to as an “island nation”. The coastal zone is of high
importance to Ireland, given its economic value from tourism and recreation, fishing, aquaculture, offshore
energy, ports, linked industries and its environmental significance. Although there are existing guides about
Ireland’s coastal geology, marine biology, geography and history, these are fragmented and mostly of a
local nature. There is no comprehensive text that explores the coast of Ireland as a whole, from both the
physical and social perspectives. Shorelines will fill this gap by both educating and engaging the public on
the importance of the coastline for Ireland and more widely for other world coastlines.
Shorelines will be an 800 page, 33-chapter book publication covering a wide range of themes including
historic maritime traditions, marine biology and modern maritime industries that support Ireland’s coastal
communities. The atlas is due to be published by Cork University Press in 2020 as part of their celebrated
atlas series. The publication incorporates an all-island approach, involving the work of more than 130
voluntary text contributors.
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A Review of the Early Carboniferous Source Facies of the North Atlantic
Francastel, L.1, Armstrong, J.2
1
1

University of Derby, UK
Petroleum Systems Limited, Prestatyn, UK

Email: francastel.lea@gmail.com
Email: jpa@petroleumsystems.co.uk

This study reviews and assesses the Early Carboniferous source facies of the conjugate margins of the
North Atlantic, specifically those of the British Isles and the eastern seaboard of Canada. The Early
Carboniferous sources in these areas have a long history in being important hydrocarbon resources. The
retorting of oil from low maturity oil shales, particularly in the Midland Valley of Scotland became
widespread during the 19th century. The processing of such material was developed by Scottish
technologist James "Paraffin" Young at that time. The sediments that were exploited are lacustrine derived
oil shales plus associated Cannel Coals and Torbanites. These lacustrine deposits developed in a series
of pull-apart basins that resulted from dextral movement long major fault systems to the north of the Iapetus
Suture. A series of such lacustrine influenced basins are noted, Midland Valley of Scotland, Rathlin Basin
(Northern Ireland), Deer Lake Basin (Newfoundland) Moncton and Magdalen basins (New Brunswick). All
of these have experienced some level of exploration for hydrocarbons, but at best, this can be described
as rather patchy.
The area immediately to the south of the Iapetus Suture within the British Isles also has important
hydrocarbon source facies of Carboniferous age. Late Carboniferous Coal Measures are known sources
for much of the commercial gas discoveries within the East Irish Sea Basin and also the Corrib gas-field,
offshore Western Ireland. There are two very significant oilfields within the East Irish Sea Basin, Douglas
and Lennox each with around 200 mmbbls STOIIP. These fields are sourced by Early Carboniferous shales
that have an overriding marine character. This region to the south of the Iapetus Suture was subjected to
a differing tectonic regime relative to that to the north.
The two differing tectonic settings have more recent counterparts that have been used to further illustrate
the development of source systems that developed during the Early Carboniferous of the study area. For
the northern area, comparison with the Tertiary lacustrine basins of Sumatra are made. The area to the
south is compared to Sumatran fore-arc basins and to the Eastern Mediterranean region.
Using available datasets, the sources and resultant hydrocarbon products from both the lacustrine and
marine influenced Early Carboniferous strata of the study area have been compared. Understanding the
nature of the sources, their kinetics and differing hydrocarbon products will have impact on exploration
efforts in the underexplored Sydney Basin (offshore Newfoundland / Nova Scotia) where Early
Carboniferous sources are considered key in the search for oil and gas. Also, Early Carboniferous sources
may have been overlooked in the exploration campaigns west of Ireland (north Porcupine, Slyne and Erris
Basins) where a Late Carboniferous source provides the only commercial discovery to date.

Regional Seismic Depth Imaging Across Ireland’s Atlantic Frontier Basins
Hardy, R.1, Anantan, A.2, Steiger-Jarvis, M.2, Roy, S.2, Kanrar, A.2
1
2

Tonnta Energy Limited
WesternGeco, Gatwick

Email: robert.hardy@tonnta-energy.ie

The Petroleum Infrastructure Project (PIP) has funded a major regional 2D seismic re-processing exercise
based around the modern re-imaging of the PAD 2013/2014 regional seismic survey. In Ireland’s Frontier
Basins, the shallower Tertiary sediments are normally well imaged, with some seabed and buried channels
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causing deeper imaging issues in depth. The deeper sections beneath chalk can be locally complex due
to faulting and intrusive volcanics, particularly in the Continental Margins and Hatton-Rockall basins. Water
depth varies from 100m to 4,800m throughout the project area and basin related subsets of data have been
selected for re-processing to address specific research issues which affect PIP members and academic
groups.
The project commenced in June 2019 with chosen contractor WesternGeco and will complete in April 2020
with the following goals:
• Modern broadband processing such as deghosting to focus on lower frequencies and deeper syn-rift
imaging to help to understand basin geometry.
• Utilise state of the art multiple suppression for deeper water sections, but also address the margins of
the Porcupine Basin and other shallower water areas, where traditional 2D methods are only partially
successful.
• Research e.g. basis for future studies on seismic oceanography and Moho mapping and using the
data selection as a research forum for co-operation amongst geoscientists and researchers will meet
the stated aims of PIP to strengthen Irish based research infrastructure.
• Even though the selected data are 2D, as much as possible processing tests, quality control and
velocity model building will be conducted in a 3D manner using as much available data as possible
from academia and industry.

Distribution of organic matter in hybrid event beds from the Pennsylvanian Ross
Sandstone Formation
Hussain, A.1, Haughton, P.D.W.1, Morris, E.A.1, Pierce, C.2, Shannon, P.M.1
1
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2

Hybrid event beds (HEBs) are the deposits of an enigmatic yet common class of sediment gravity flow
involving turbidity currents that partly transform to debris flows as they run out. The deposits thus typically
contain a basal clay-poor turbidite sandstone and an upper clay-rich debrite. Petrographic and
sedimentological observations show that the linked debrites (H3) commonly contain significant volumes of
fractionated terrestrial organic matter. Hybrid and related transitional flows thus provide an efficient
mechanism for rapidly burying organic carbon in deep-marine settings. The H3 division may form both a
conventional source of hydrocarbons, and an unconventional reservoir. The bed scale distribution of
organic carbon is investigated here using behind-outcrop cores from Pennsylvanian Ross Sandstone
Formation, western Ireland, the deposits of an ice-house tropical deep-sea fan system. Nine different types
of HEB are identified, forming up to 27% of the Ross by thickness. Texture, composition, sedimentary
structures and the inferred depositional mechanism are used to identify 8 different lithofacies (LF1-LF8). A
total of 55 core plug samples were collected from the different lithofacies and powdered samples were
analysed using a LECO carbon analyser and Rock-eval to quantify the total organic carbon content as well
as determining the organic matter type and their source potential. A subset of samples was further analysed
by XRD, XRF and petrography for compositional and textural analysis. The analysis reveals that the clayrich facies (LF5, LF7 and LF8) have darker and finer-grained matrices associated with highest
concentrations of both finely disseminated organic matter and plant debris (>1% TOC). In contrast, cogenetic sandy facies (LF1, LF2, LF3 and LF6) are much leaner (< 0.3% TOC). The detailed examination
of clay and organic matter distribution vertically within individual event beds and laterally towards bed pinchouts reveal similar trends suggesting strong coupling of these components.
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This project is supported in part by a research grant from Science Foundation Ireland (SFI) under Grant
Number 13/RC/2092 and is co-funded under the European Regional Development Fund and by PIPCO
RSG and its member companies. An IAS postgraduate grant is greatly acknowledged for funding XRD
work.

Public Comparison of experts’ and non-experts’ mental models of the subsurface
and geological processes
Lacchia, A.1, Schuitema, G.1,2, McAuliffe, F.1
1
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2

Geoscientists and non-geoscientists often struggle to communicate with each other, especially around
complex or contentious geoscience issues. In this paper we aim to understand mental models - defined as
people’s representation of a phenomenon - of geoscientists and non-geoscientists regarding geological
concepts and processes. Using a mixed-methods approach, we compare mental models of the subsurface,
mining/quarrying, drilling, and flooding between geoscientists (n=24) and non-geoscientists (n=38). We
identify four dominant themes which underlie their mental models: (1) degree of knowledge and familiarity,
(2) beliefs about human interactions, (3) affective beliefs, and (4) beliefs about perceived impact of the
processes. While the mental models of non-geoscientists focus more on the perceived negative
environmental and economic impacts of geoscience, those of geoscientists focus more on human
interactions, as well as having more familiarity and technical knowledge related to geoscience. We argue
that mental models are the result of beliefs, including both cognitive (based on rational thoughts) and
affective (based on feelings and emotions) components, and that both need to be acknowledged for
successful dialogue between the two groups to take place.

The influence of continental margins over secondary microseisms recorded on
land
Le Pape, F.1, Craig, D.1, Bean, C.1
1

Dublin Institute for Advanced Studies (DIAS), Dublin, Ireland

Due to its proximal position to the main North Atlantic low-pressure systems, Ireland is ideally located for
the study of ocean wave induced seismic noise or microseisms. Based on array analysis, consistent and
very localised source distributions are located at or near the continental shelf over several frequency bands
covering the secondary microseism spectrum. Those observations cannot be explained by ocean wave
models only, without taking into account propagation effects. We look at 3D numerical simulations to show
the effects of both bathymetry and sediment morphologies associated with the Irish offshore hyperextended margin. In addition to affect the transition from pseudo-Rayleigh to Rayleigh waves at the
continental shelf, the structure of the margin has a substantial impact on secondary microseism Love wave
generation and propagation. The Love wave energy observed from land is highly dependent on bathymetry
and sediment gradients controlling the transverse wavefield radiation patterns. For passive imaging
purposes, it is significant to understand the radial and transverse seismic wavefield as both Rayleigh and
Love waves will exhibit different sensitivity to the underlying velocity structure of the margin.
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This project is part of the Irish Centre for Research in Applied Geoscience (ICRAG), funded under the SFI
Research Centres Programme and is co-funded under the European Regional Development Fund.

Towards more realistic conceptual models of deep-water lobes: controls on NTG
and amalgamation ratio
Lopez-Cabrera, J.1,2, Manzocchi, T.1,2, Haughton, P.D.W.1,3
1
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3
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2

The internal heterogeneity of deep-water lobe reservoirs is usually highly uncertain due to limited seismic
resolution. Therefore, the generation of a range of plausible geological models of these systems is crucial
in order to quantify development risk. Rule-based modelling represents a robust alternative to more
conventional techniques and allows for the generation of deep-water lobe models that capture geological
features such as compensational stacking or organised and continuous frameworks of thin shale beds.
Such models, therefore, can be used as conceptual models for wider reservoir modelling studies.
There are few studies quantifying the properties of rule-based models in deep-water lobe settings. In this
work, a rule-based modelling code has been created, and tested by generating successive sets of models
using morphological data available in the literature for unconfined and confined settings. For each one of
the generated models, different propensities for erosion and deposition where used as an input.
Quantification of the final models show that morphology and dimensions of real systems are honoured.
Furthermore, net:gross (NTG) vs amalgamation ratio (AR) relationships describe similar curves to the ones
observed in natural systems. The realism of the models makes the code an excellent tool for generating
realistic conceptual models of deep-water lobes, which may help us to make better-informed reservoir
management decisions.
This publication has emanated from research supported in part by a research grant from Science
Foundation Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the European Regional
Development Fund and by PIPCO RSG and its member companies. Schlumberger are thanked for an
academic Petrel license.

Enhancing the Seismic Image through Diffraction and Specular Imaging
Lowney, B.1,2,3, Hoeber, H.2, Kaszycka, E.2, Hou, S.2, Lokmer, I.1,3, O’Brien, G.4
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3
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4
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2

Obtaining an accurate seismic image is the ultimate goal of the processing geophysicist. By recording the
interactions created by seismic waves as they travel through the subsurface, an image of the subsurface
can be produced. A conventional seismic processing workflow processes the entire wavefield
simultaneously to create an image. However, this wavefield is not only populated by diffractions and
reflections, but also by noise. This noise diminishes the final image, reducing the interpretability and
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therefore increasing the risk associated with decisions based on the seismic data. One method proposed
for denoising the migrated image is the so-called specular image. This specular image uses a dip-guided
filter to remove anything which is not reflection energy, thus removing the noise and providing a cleaner
output. However, along with the noise, the diffractions are also removed. Diffractions form from geological
discontinuities such as faults and thus by removing the diffractions, information about the discontinuities is
also lost.
Diffraction imaging is the process of removing the reflections and noise to locate the diffractions, thereby
imaging geological discontinuities. Diffraction images can be used akin to an attribute in order to highlight
certain features such as faults and pinchouts, without the stronger amplitude reflections overshadowing
the diffractions. However, as an additional use, these separated diffractions can be added back into the
separated reflections from the specular image in order to obtain an image which contains both reflections
and diffractions with less noise. The three methods of imaging, specular, diffraction, and combined specular
and diffraction, have been demonstrated on a real dataset from offshore Gabon.
This project is funded through iCRAG/SFI (13/RC/2092)

Architectural and kinematics comparison of the Galicia margin and the Porcupine
Basin
Lymer, G.1,2, Saqab, M.M.3, Childs, C.1,2, Walsh, J.1,2
1

iCRAG (Irish Centre for Research in Applied Geosciences), School of Earth Sciences, University College Dublin, Belfield,
Ireland
2
Fault Analysis Group, School of Earth Sciences, University College Dublin, Belfield, Ireland
3
Norwegian Geotechnical Institute, 40 St Georges Terrace, Perth WA, Australia
The Galicia Margin (West of Spain) and the Porcupine Basin (West of Ireland) are components of the
Eastern North Atlantic rifted continental margins. We outline the structural architecture and kinematics of
these basins derived from seismic interpretation and fault analysis of multiple 2D and 3D seismic datasets.
Our ongoing work suggests that the many similarities between these basins arise from the operation of
equivalent extensional processes from rift initiation through to hyperextension of the North Atlantic Ocean.
The Galicia margin and Porcupine Basin are characterised by the following shared structural features: i)
Pronounced bathymetric V-shapes attributed to extension about a pole of rotation and/or a stepped
variation in E-W extension facilitated by transfer faults, a fundamental characteristic of North Atlantic rifting.
ii) High beta-factors (4< <10) and hyper-extended continental crust, with similar associated fault
geometries and orientations. iii) The presence of detachment faults, in both Galicia (the “S” reflector) and
the Porcupine Basin (the “P” reflector), which are presumed to reflect the embrittlement of the continental
crust before the break-up. (iv) Serpentinisation arising from water circulation through the crust to the
underlying mantle facilitated by crustal hyper-extension and the formation of low angle normal faults (<40°)
and detachment faults.
Our preliminary comparison of the Galicia Margin and the Porcupine basin permits definition of some of
the processes of rift-related deformation, from fault propagation through to simultaneous multiple fault
activity. Our long-term aim is to develop an integrated model of offshore basin development and rift
propagation that can be expanded to include other continental margins and associated rift basins.
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Sedimentological Natural Gas Hydrate production: transition to and part of a
renewable energy paradigm
Max, M.1, Roy, S.2
1
2

MaxSystems LLC, Washington D.C., USA
iCRAG, School of Earth Sciences, University College Dublin, Belfield, Dublin 4, Ireland

Although huge conventional natural gas resources currently exist (shale is now a conventional resource
because it is in production) existing shortfall in indigenous supply and future energy demand is encouraging
a number of deep energy importing nations to develop methodologies and technologies for long-term
production from their potentially very large Natural Gas Hydrate (NGH) resources. As methane and other
natural gases are potent greenhouse gases, concerns exist about the possible environmental risks
associated with greatly increasing the amount of natural gas that is produced and transported. Accidental
release of natural gas would have environmental consequences, and this is a constant worry for high
pressure conventional natural gas. However, the special characteristics of NGH and production models
indicate an environmental risk from the NGH reservoir to the deep-water wellhead is much lower than that
of conventional deep-water gas reservoirs. Only relatively small amounts of natural gas need to be in a
gaseous form during NGH production and, unlike conventional gas, pressure in the reservoir can be
controlled and maintained at a relatively low level. NGH is naturally stable in its solid form in the reservoir
and shutting in the gas can be achieved by stopping NGH conversion and gas production in the reservoir.
Rapid shut down results in re-crystallisation of gas and stabilisation of the reservoir through NGH
reformation.
New options for innovative technologies have the potential to allow safe development of NGH at a fraction
of the current estimated cost for conventional deep-water experience. Gas produced from NGH is purer
than conventional gas because when the NGH is converted, only water, which has the character of distilled
water, and pure methane is produced. Gas transport leakage is a matter for best practices regulation that
will be rigorously enforced.
A dispersed energy production system based on small, medium pressure gas pipelines or LNG transport
can feed local, very high efficiency combined cycle turbine power plants. Natural gas produces much less
CO2 than any other combustible fuel for any particular Btu values, and if the methane is pure, the water CO2 exhaust is also relatively pure. For a CO2-free energy production, these sites can be transitioned to
H2-air fuel cells using the same distribution networks and stripping the H2 from the C, leaving a C residue
pure enough to use for carbon fibre manufacture and provide for the establishment of high-value
manufacturing as an additional benefit to CO2-free and dependable energy production.

The temporal evolution of provenance in the Mesozoic rocks of the North Celtic
Sea and St. Georges Channel Basins – Heavy Mineral Results
McCarthy, O.1,3, Meere, P.1,3, Chew, D.2,3
1

School of Biological, Environmental and Earth Sciences, University College Cork
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3
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2

Establishing the temporal evolution of sediments from source to sink in the North Celtic Sea (NCSB) and
St. George’s Channel basins (SGCB) helps to constrain reservoir potential. Results from a QEMSCAN
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heavy mineral abundance study encompassing 75 samples from the Triassic, Jurassic and Cretaceous
sediments from these basins are presented and discussed.
This publication/presentation* has emanated from research supported in part by a research grant from
Science Foundation Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the European
Regional Development Fund and by PIPCO RSG and its member companies.

Detailed Origin and significance of thin-bedded packets adjacent to channels in
sandy deep-sea fan successions
Morris, E.A.1, Haughton, P.D.W.1, Shannon, P.M.1, Martinsen, O.J.2, Barker, S.P.2
1
2
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Sandy deep-water reservoirs commonly contain subordinate or even minor low-net sand, thin-bedded
packets that can have a significant impact on production. These thin-bed packets can occur in a wide range
of settings from lobe fringes, splays, levees, channel margins, or they can signify abandonment. As such it
is important to correctly determine their origin to reconstruct hierarchical stacking patterns, for reservoir
zonation and to incorporate them correctly in reservoir models. Outcrop and core-based studies from the
Pennsylvanian Ross Sandstone Fm, western Ireland, have highlighted the presence of significant intervals
of thin-bedded and fine-grained turbidites that sit adjacent to channels. These are typically m-scale, but
also occur in thicker siltstone-dominated packets that are up to 10 m thick, some of which can be correlated
laterally for several kilometres down dip. They are exclusively composed of well-structured thin to very thin
beds of current-rippled sandstone isolated in siltstone; a vertical fining upwards motif is common. These
successions are locally cut and partly interleaved with mid- and upper-Ross channel fills. Lateral faces
transitions and palaeoflow data in the thin bed packets suggest a genetic relationship with the channels. In
other cases, the thin-bed packets are perched above the level of the adjacent channel floor but can be
followed laterally into channel margin facies without a break. These relationships suggest at least some of
the Ross channels had low-relief levees and locally thin-bedded frontal splays into which they were incised.
Away from channels, metre- and sub-metre thick bundles of thin-beds commonly separate thicker sandy
lobe elements. These show strong bed type partitioning in that some are exclusively composed of stacked
very-thin well-structured turbidites, interpreted as overspill sheets from out of section channels delivering
sand to lobes further down-dip; others are made up of thin hybrid event beds, commonly displaying
sandying-upward cycles beneath cleaner sandstones. These tend to be associated with and fill erosional
relief and are considered to be related to lobe reoccupation of scoured and abandoned mid- and inner-fan
sections; the erosional relief is key to their preservation.
This project is part-funded by a Griffith Geoscience Award and is supported in part by a research grant
from Science Foundation Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the
European Regional Development Fund and by PIPCO RSG and its member companies.
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Synergies between the Sentinel Satellites and the use of Bio-optical and Flow
cytometric measurements for tracing surface slicks along the Irish Western Shelf
Mullins, M.1, Croot. P.L.1
1
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A key challenge facing the maritime industry at present is developing the capability to distinguish in real
time, maritime accidents from naturally occurring phenomena such as phytoplankton blooms and natural
oil seeps. The ability to correctly determine the nature of the observed surface slick will facilitate
applications in maritime safety, oil exploration, harmful algal blooms/ecosystem services and other marine
based activities. This project aims to link detection and monitoring of these natural and manmade surface
slicks using satellite-based observations incorporating the new ESA sentinel series of satellites. Predictive
assessments will be made by combining SAR with ocean colour (Sentinel 3) and scatterometer winds
(Sentinel 1). Methods include baseline optical measurements of CDOM (absorbance and fluorescence) in
surface waters along the west coast of Ireland over a range of spatial and temporal scales. Phytoplankton
abundance will also be recorded at this time by analysing samples using flow cytometry (Accuri C6).
Results should help with determining criteria for Good Environmental Status (GES) as per the EU Marine
Strategy Framework Directive regarding the optical properties of seawater.
This publication/presentation* has emanated from research supported in part by a research grant from Science
Foundation Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the European Regional
Development Fund and by PIPCO RSG and its member companies.

Application of stochastic Gabor inversion to FWI
Naghadeh, D. H.1
1
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The main target of seismic inversion is to estimate the physical properties of the subsurface from recorded
wavefields. Using pre-stack shot records enables the analysis of whole information carried by receiver
wavefield through the use of full-waveform inversion (FWI) to estimate physical properties. In inversion, the
most challenging part is to transform waveform amplitudes to velocity as a physical property of the media.
This is normally done using a recursive algorithm such as steepest descent which to update the initial
velocity model using the gradient of misfit between observed and simulated data sets. These methods are
time-consuming and can get stuck in local minima easily. Since the low-frequency content of a data set is
crucial to escape from a local minimum, some methods start with a low frequency filtered data set and then
increase the frequency content in each iteration step. Unfortunately, in many cases, there is insufficient
energy at low frequencies, and this may not be possible. In this work, we use stochastic Gabor inversion
(SGI) to address these issues.
SGI does not create artificial events (the result of filtered data set especially at low frequencies), is less
time consuming, can estimate the high-resolution velocity model after only a few iterations as well as update
the low-frequency model, which is crucial in order to image dipping reflectors. The method tested on both
synthetic and real seismic data sets, and the results compared with SD and conjugate gradient (CG)
approaches. These tests demonstrate that SGI needs fewer iteration and can provide a high-resolution
velocity model after as few as 5 iterations.
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Provenance of the Tullig Cyclothem Sandstones from the Clare Basin: A multiproxy approach
Nauton-Fourteu, M.1, Tyrrell, S.1, Morton, A.C.2, Mark, C.3, O’Sullivan, G. J.3 and Chew, D. M.3
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This study investigates the provenance of deltaic sandstones from the mid-Carboniferous Clare Basin,
western Ireland. Previous studies, based on palaeocurrent data, interpret contradictory basin infill histories
with competing models suggesting sediment input from either the northwest or the southwest. Previous
zircon U-Pb geochronology (Pointon et al. 2012) were performed on one sample from the Tullig Cyclothem.
Results suggest sources from both north (Laurentian) and south (Avalonian) of the basin.
Detailed logging and sampling of Tullig Cyclothem sandstones was performed at three locations.
Petrographic analyses indicate these are mineralogically and texturally mature quartz-arenites. Heavy
mineral assemblages show high ZTR indices, suggesting a potentially polycyclic sand. Zircon U-Pb
geochronology results from six samples present near-identical age distributions, with a dominant zircon
population of peri-Gondwanan age (~600Ma), a wide range of zircon interpreted as coming from Laurentia
(900-2500Ma) and a population associated with Caledonian granites (~430Ma). Apatite U-Pb
geochronology from the same samples also show little variations with stratigraphy but have a main
population of Caledonian age (~400Ma) and a population of peri-Gondwanan age (~600Ma).
This study highlights the need and usefulness of a multi-proxy approach in provenance studies. Our results
suggest a partially polycyclic origin for sandstones from the Tullig Cyclothem. A comparison of the U-Pb
zircon and apatite data with published regional datasets suggests these sandstones could have been
derived from Devonian Old Red Sandstones to the south, with an additional input of fresh peri-Gondwananaged material potentially from the southwest. This sediment dispersal model is in agreement with some,
but not all, of the published palaeodrainage models for the Clare Basin.
This presentation has emanated from research supported in part by a research grant from Science
Foundation Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the European Regional
Development Fund and by PIPCO RSG and its member companies.

Testing the impact of contrasting fault growth models on syn-rift stratigraphy
using forward stratigraphic modelling
O’ Donnell. E.1,2, Haughton, P.D.W.1,2, Amy, L.1,2, Childs, C.1,3, Griffiths, C. 4
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Fault system geometry and evolution directly impact on surface gradients and hence drainage development
in rift basins. Intrabasinal transfer zones (relays) have attracted particular attention as possible entry points
for larger hinterland supply systems linked to expanded transfer fan systems in the basin. However, relays
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can arise in different ways dependent on how faults grow. Two contrasting models have been proposed for
the development of large faults by growth and linkage of fault segments. The Conventional Growth Model
suggests that the segments of a fault array initiate as a series of isolated faults. As extension proceeds
these faults systematically increase in both maximum displacement and length until they interact and form
relay zones, ultimately becoming connected to form a larger fault. An Alternative Model proposes that fault
length is established rapidly so relay zones between fault segments form under low strains; subsequent
fault growth is achieved by an increase in fault displacement with minimal change in fault length (Walsh et
al. 2002). These contrasting models have different implications for the potential importance of relay zones
as entry points of sediment into the hanging wall depocentres. Understanding the patterns of sediment
dispersal and the stratigraphy generated in the immediate hanging wall is important for reservoir prediction.
This is directly applicable to the Irish offshore basins where basin bounding syn-rift stratigraphy and
depositional architecture are poorly imaged by seismic datasets, but the fault systems are better imaged
and may guide where the hanging wall stratigraphy is likely to include reservoir facies.
This project uses forward stratigraphic modelling to investigate the impact of opposing fault growth models
on sediment routing and subsequent stratigraphy in the developing hangingwall depocentres. The
modelling has been carried out using Sedsim. This program uses a hydrodynamic approach to modelling
sediment dispersal based on an approximation of the Navier-Stokes equations (Griffiths et al. 2004).
Sedsim allows the rate of sediment supply and rate of accommodation creation during fault system
evolution to be quantified. The tectonic input to the experiment reflects the contrasting fault growth and
linkage models while other parameters, including sediment input and base level, are held constant. The
effects of the fault growth and linkage models can thus be compared. Early findings from these models
indicate the importance of existing, antecedent drainage patterns in determining location of deposition in
the conventional growth model, with isolated fault segments. The alternative model, with constant length
faults, displays a higher degree of flow migration, varying from around-fault to transverse flow. Depositional
patterns in the depocentres are also seen to vary, reflecting the location of sediment input. The variable
routing likely reflects the differences in the uplift and subsidence fields around the faults implicit in the
contrasting models of fault growth.
This publication has emanated from research supported in part by a research grant from Science
Foundation Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the European Regional
Development Fund and by PIPCO RSG and its members companies.

Distribution and composition of a multi-layered salt-prone stratigraphy and its
influence on rift-basin development; Insights from the Slyne and Erris basins
O’Sullivan, C.M.1,2, Childs, C.1,2, Saqab, M.M.1,2,3, Walsh, J.J.1,2, Shannon, P.M.1,4
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Two salt-prone intervals have been proven in the Slyne and Erris basins; the Upper Permian Zechstein
Group and the Upper Triassic Uilleann Halite Member of the Currach Formation. Where present in their
salt-dominated forms, both layers act as décollements, mechanically detaching pre-, intra- and post-salt
stratigraphy. The Zechstein Group is present throughout the Slyne and Erris basins, while the Uilleann
Halite Member is only developed in the northern Slyne Basin and the southern Erris Basin. The Zechstein
Group is salt-prone on the high-strain sides of half-grabens, in the hanging-walls of major faults, and grades
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to a carbonate- and siliclastic-dominated sequence on the low-strain basin-margins. The Uilleann Halite
Member is restricted to the basinal areas of the northern Slyne and southern Erris Basins, and is poorly
developed on the basin margins. Both salt layers have undergone significant halokinesis during basin
development, and their original thicknesses are unclear. This halokinesis has played a significant role in
the formation of hydrocarbon traps in these basins: the Zechstein Group forms salt pillows and salt rollers,
causing folding and rafting in the overlying Mesozoic section, driven by active faulting in the pre-salt
Palaeozoic basement. The Uilleann Halite Member caused thin-skinned crestal collapse and delamination
of the overlying Jurassic section above anticlines cored by Zechstein salt. Both layers of salt play a key
role in the development of the Corrib gas field and are responsible for trap formation in the Corrib North
and Bandon discoveries. Understanding the genesis of these salt-related structures in a multi-layered salt
system will provide insight into future exploration activities in salt-prone perched basins both offshore
Ireland and further afield.
ICRAG is funded in part by a research grant from Science Foundation Ireland (SFI) under Grant Number
13/RC/2092 and is co-funded under the European Regional Development Fund and by PIPCO RSG and
its member companies.

Tank testing of offshore vessel in operational and extreme wave conditions
Otter, A.1, Shanley, M.1, Murphy, J.1
1
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A wave tank testing programme was carried out in the Deep Ocean Basin at the National Ocean Test
Facility, Lir, to simulate the Dynamic Positioning capability of a storage tanker or floating production storage
and offloading (FPSO) vessel in operational and extreme met-ocean conditions as found off the west coast
of Ireland. The aim of the tests was to provide an indication of the thrust requirements of any such vessel
operating under these conditions. The testing was performed with a 1:85 scale model of a storage tanker
in a six-point mooring system to simulate the DP system of the vessel for three different load conditions.
The results were validated with the outputs of numerical simulations.
The test results indicate that an offshore storage tanker with a length of 300 m and tonnage of 60,000 tons
will be able to handle sea states with significant wave height of 10m and a peak wave period of 17 s, typical
of conditions off the west coast of Ireland, while remaining within the safety limits maintained by the vessel
operator. The main thrust capacity, or bollard pull, for such a vessel would be 1200 tons and the maximum
thrust capacity of the side thrusters would be 190 tons. If the vessel is equipped with azimuth thrusters
rather than conventional propulsion, their combined thrust capacity should also be around 1200 tons. The
vessel would be able to handle higher sea states; however, the tests have shown that the operator’s own
enforced safety limits will occasionally be exceeded. Structural integrity of the vessel will be another limiting
factor on the sea states which could be safely handled.
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The crustal structure of the Porcupine Basin, offshore Ireland
Prada, M.1,2, Watremez, L.3, Chen, C.4,5, Whiting, L.2,7, Fullea, J.1, O’Reilly, Brian M.1,2,
Minshull, T.A.4, Reston, T.J.6, Shannon, P.2,7, Haughton, P.2,7, Klaeschen, D.8
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The Porcupine Basin is a Mesozoic failed rift located in the North Atlantic margin (SW Ireland). In this study,
we present a set of tomographic images obtained with travel-time tomography of wide-angle seismic data
that provide the P-wave velocity crustal and uppermost mantle structure of the basin, in addition to Moho
geometry variations along and across the basin axis. The tomographic results combined with neighbouring
seismic reflection profiles reveal that continental rifting in the north evolves to hyperextension in the centre
of the basin, where potential crustal break up occurs. Along the basin axis, lithospheric extension is
accompanied by increasing mantle hydration in agreement with the increase amount of crustal faulting,
implying fault-controlled mantle hydration as in the Galicia margin. South of the hyperextended region, the
crust thickens southwards where lower crustal velocities are anomalously fast for continental crust (i.e. > 7
km/s). These results strongly suggest that lithospheric extension along the basin axis have led to crustal
break up and oceanic spreading in the centre of the Porcupine Basin, where the prominent Porcupine
Median Ridge is located. The integration of these results with surface maps of the post-rift sedimentary
cover allow us to derive an empirical relationship between crustal thickness and post-rift sedimentary
thickness that we use to present first order approximation of minimum stretching factors of the entire
Porcupine Basin and explore the lithospheric extension processes that shaped the South Porcupine Basin.
This poster has emanated from research supported in part by a research grant from Science Foundation
Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the European Regional
Development Fund.

New geochronological and thermochronological data from the Goban Spur area
Rateau, R.¹, Chew, D.¹
¹Department of Geology, Trinity College Dublin - Irish Centre for Research in Applied Geosciences (iCRAG)
Email: remi.rateau@icrag-centre.org
The Goban Spur is a poorly understood area of the Irish offshore continental shelf in comparison to the
nearby Porcupine and Celtic Sea basins, primarily due to the relatively limited amount of available
geological and geophysical datasets.
We obtained six seabed samples from dredges carried out in the 1980s, and which are now stored at the
Ifremer core store in Brest, France. Our aim was to obtain low-temperature thermochronological data
(apatite fission track and U-Th-Sm/He) to better constrain the thermal history of this part of the Irish
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offshore. As a by-product of the in-house LA-ICP-MS-based fission track data acquisition protocol, we also
obtained U/Pb age on apatites along with trace element concentrations. U-Pb zircon dating was also
undertaken on zircons.
Our preliminary results confirm the presence of basement comprised of Late Variscan granites and
metamorphic rocks that underwent a protracted cooling history during Mesozoic rifting, and then remained
at low temperatures (i.e. on the surface or buried under less than 1km of sediments) from the time of crustal
break-up to the present-day. The large variations of AFT ages (143 to 284 Ma) and AHe ages (~90 to 135
Ma) between the samples is not fully understood yet but could be due to: 1) different thermal histories for
each fault block/high; 2) different bathymetry depths and/or 3) different kinetics (Cl %wt and Dpar proxies).
One sample of Archean basement with an Eocene AFT/AHe age may represent a dropstone of North
Atlantic Laurentian crystalline basement.
This poster has emanated from research supported in part by a research grant from Science Foundation
Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the European Regional
Development Fund and by PIPCO RSG and its member companies.

Dating the episodes of mafic volcanism offshore Ireland
Rateau, R.¹, Chew, D.¹
¹Department of Geology, Trinity College Dublin - Irish Centre for Research in Applied Geosciences (iCRAG)
Email: remi.rateau@icrag-centre.org
Numerous occurrences of mafic volcanism (basaltic lavas, doleritic and gabbroic sills and dykes) are found
in the offshore part of the continental shelf west of Ireland. The timing of mafic volcanism offshore Ireland
has key implications for the thermal history of this area and the overall regional geological history, yet most
of these mafic bodies have never been radiometrically dated.
As a part of a thermochronological study of the western Irish offshore (see also Rateau and Chew, this
volume) we acquired U/Pb ages from apatites and zircons extracted from cuttings from boreholes that
penetrate these mafic intrusions.
One of the most precise results (i.e. with the lowest analytical uncertainty) obtained is for the intrusions in
well 35/15-1 on the eastern margin of the Porcupine Basin. Here, the well logs describe a series of gabbroic
and basaltic sills intruding Danian and Upper Cretaceous rocks and underlying a possible basalt lava flow
stratigraphically constrained as Danian in age. Zircons from these intrusions yield a precise U-Pb age of
59 +/- 1 Ma (Selandian); it is likely the c. 59 Ma intrusions represent the magma plumbing system to the
overlying basaltic lava flow. Inherited zircons yield ages with Caledonian and Cadomian peaks along with
a suite of Proterozoic and Archean zircons, and are likely recycled from the Carboniferous sands in the
Clare Basin, which underlie the intrusion in this well. We also present preliminary U/Pb results for other
mafic intrusions in the basin.
This poster has emanated from research supported in part by a research grant from Science Foundation
Ireland (SFI) under Grant Number 13/RC/2092 and is co-funded under the European Regional
Development Fund and by PIPCO RSG and its member companies.
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Controls of fault-related deformation in the Porcupine Basin, Ireland
Roche, V.1, 2, Aleksans, J.1, 2, Childs, C.1, 2, Saqab, M.3, Walsh, J.1, 2
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3
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Fault-related deformation, including the development of footwall uplift and hanging wall subsidence,
exercises a major control on migration pathways, 4-way closures and fault traps. Understanding these
features is therefore critical in hydrocarbon systems and has major implications for de-risking energyrelated exploration in Ireland. This project aims to provide a better understanding of fault-related
deformation fields in offshore Ireland and their implications for fault geometry and evolution, and for
hydrocarbon trapping and migration. The project is primarily based on the seismic interpretation of faults
within the Porcupine Basin, but also incorporates constraints from other fault systems worldwide (including
the Barents Sea and the East African Rift). High quality faulted horizons with geometries restored to
account for post-fault regional tilting have been analysed. This method highlights the fault-related
deformations arising from reverse drag, including hanging wall rollover and footwall uplift. A theoretical
model has been developed in Matlab to investigate quantitatively the geometry of these deformation fields.
The modelled geometries reproduce many of the essential features observed in the restored horizons and
confirms that the total deformation field in a fault system is due to the superposition of the individual
deformation fields caused by each fault. Our ongoing work suggests that the deformation fields of individual
faults depends primarily on two intrinsic parameters: the deformation radius and a factor describing the
asymmetry between hanging wall and footwall deformation. These parameters are controlled by geological
factors that can vary from one study to another and can, to some extent, be defined ab initio. Whatever the
prevailing parameters, our work shows that the associated fault-related deformation has a major impact on
the geometry of carrier beds and the configuration of fault-related traps.

Geophysical and experimental results on natural gas hydrates from Irish offshore
Roy, S.1, Max, M.D.1
1
2

iCRAG, School of Earth Sciences, University College Dublin, Belfield, Dublin 4, Ireland
MaxSystems LLC, Washington D.C., USA

The Gas Hydrate Stability Zone (GHSZ) thickness extends to 645 m in the Rockall Basin and 784 m
Porcupine Basin below their respective seafloors, covering a total area of 575,443 km2. A set of basins of
various shapes, sizes and ages occur in the western Irish Atlantic shelf, typically in deep waters from
1000 m to more than 3500 m. They are filled with extensive and thick Mesozoic and Cenozoic successions.
Km-scale Late Palaeozoic and younger sediments have been revealed on the seismic profiles in some of
these basins. Active petroleum systems in these basins have been demonstrated by the energy industry in
the past three decades. Geophysical and geological datasets were integrated as a first-order exploration
objective for prospective natural gas hydrate (NGH) reservoirs. Subsurface structural interpretation has
been emphasised in this work as NGH concentrations are highly dependent on subjacent fluid migration
pathways and working hydrocarbon systems. In our NGH exploration model in Irish offshore, assessments
of lithology, migration pathways of natural gas-saturated water, presence of source rocks or conventional
reservoirs, along with appropriate host rocks for NGH within the GHSZ have been included.
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Kilometre scale well-bed differentiated Cenozoic sediments were deposited in the Irish basins that could
be excellent hosts for NGH. Fluid escape features, gas chimneys, enhanced reflections indicating shallow
gas accumulations, and faults that act as pathways for fluid migration, have been interpreted above
potential source rocks and active petroleum systems. Three types of depositional systems have been
identified as potential hosts for hydrate concentrations in Irish basins: (i) mass transport deposits (Rockall
Bank Slide Complex and Donegal Barra Fan system), (ii) contourite deposits (Feni Drift), and (iii) shallow
turbidites and sand bodies. Identification of suspected shallow gas accumulation (enhanced high-amplitude
reflections) beneath the calculated base of HSZ, and fluid migration pathways such as gas pipes and
normal faults have been done in Porcupine and Rockall basins. BSR-like features have been identified
locally as well as regionally in the both the basins.
Sandy limestone and calcareous sandstone cores from a bore hole located on the eastern margin of the
North Bróna Basin (slope between the Porcupine High and the Rockall Basin), have been retrieved from
the formation within the modelled HSZ. Investigations in the laboratory to study the influence of NGH pore
saturation on Vp wave velocity and resistivity measurements have been carried out after artificially growing
NGH within these sediment cores. The anomalies in Vp and resistivity measurements can be used to
indicate and quantify the presence of gas NGHs in the sediments, and further assist in evaluating NGH
saturation and resource estimation.

Assessing potential Cretaceous source facies within the Orphan Basin using
analogue examples from the North Atlantic and 1D basin modelling
Turner, L.1, Armstrong, J.2
1
2

University of Derby, UK
Petroleum Systems Limited, Prestatyn, UK

Email: leenasara34@googlemail.com
Email: jpa@petroleumsystems.co.uk

The Orphan Basin lies in the North Atlantic at a distance of approximately 400kms to the east-north-east
of St. John's, Newfoundland, Canada. It is an underexplored basin, only 10 wells have been drilled in the
basin which has a total area in excess of 160 000 km2. Despite the very limited drilling activity to date it is
currently of high interest to oil companies, a recent bidding round raised over Can$1,300,000,000
(approximately US$1 Billion) with a record single successful bid amount of Can$621,021,200
(approximately US$475 Million).
The main focus in previous exploration campaigns has involved the presumption that any oil generated
and accumulated in the basin was from Late Jurassic sources. The handful of wells that have been drilled
targeted structures that could have been charged by mature Late Jurassic source facies. With the renewed
interest in the basin, attention has also turned to alternative hydrocarbon sources. In this study the potential
for Cretaceous source facies is examined. There is a paucity of information regarding such sediments from
the drilling that has taken place to date. Several of the wells drilled to date encountered condensed or
eroded Cretaceous sections, others on the basin flanks penetrated thicker Cretaceous sections dominated
by coarser clastics. To counter this lack of data, information has been put together from adjoining basins,
the conjugate margins and particularly from the records of the Ocean Drilling Program (ODP) and its
predecessor, the Deep Sea Drilling Project (DSDP).
The rationale of this study has been to first look at the tectonic evolution of the basin and particularly for
the Cretaceous to try to understand the distribution of sedimentary facies across the basin through a series
of time slices. Where possible these time slices are coincident with those of Ocean Anoxic Events (OAEs).
A number of such events are noted in the literature, particularly in the Early Cretaceous and with the most
well know being that of the Cenomanian-Turonian. Such events have been very well recorded in studies
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carried out by the ODP/DSDP. One of the main objectives of this study has been to integrate these data
and then apply finding to the study area. What has become evident is that some of these events may be
more appropriate for inclusion into the study than others. For example, the assessment of ODP site 1276,
which is the nearest such site to the Orphan Basin, reveals that OAE 2 (Cenomanian-Turonian) yield some
very rich and well developed source rocks, as does OAE 1b (Late Aptian/Early Albian), the latter being
considered slightly richer in terms of oil generating than the former.
The results of this study have been used in a 1D basin modelling study utilising the recently developed
Novva Software. A number of possible scenarios have been generated and risked as far as possible. To
aid the part of the study Nalcor kindly provided depth converted pseudo-well sections in key locations
determined from their extensive seismic database.

Girls into Geoscience – Ireland
Wallace, E.1, Morris, E.1, McAuliffe, F.1, Blowick, A.1, McNamara, M.1
1

iCRAG (Irish Centre for Research in Applied Geosciences)

The geosciences are undeniably perceived as a male-dominated sector. Right or wrong, this perception
has culminated in a loss of female talent and lack of diversity. Retention of female students in the
geosciences is highest where students can identify with same gender career/industry leaders (Hernandez
et al., Geosphere, Vol. 14,6, 2018), yet with few obvious female role models, poor female student retention
has become a self-perpetuating problem. Originating in the UK, the Girls into Geoscience was expanded
into Ireland by iCRAG in 2018 to interrupt this cycle. Through this programme, girls from transition year
through to 1st year undergraduate with any level of geoscience knowledge are introduced to the
geosciences by leading females in the field. To date, Girls into Geoscience – Ireland (GiGie) has run two
successful events across Ireland with a third planned for November 2019. GiGie has taken the form of daylong events which incorporate workshops, talks, networking and field-trip style elements. These events
have been hosted in academic institutions and rotate annually to reach multiple areas of Ireland which often
have limited access to STEM activities. So far, events have been hosted in Cork and Galway with a further
event planned for Dublin. 100% of participants at the Cork event reflected that they were more likely to
study geoscience, and similarly 83% of participants in Galway were now more likely to consider studying
geosciences. 100% of Galway participants also had an increased understanding of geoscience careers,
which is important considering the negative perceptions that are commonly attributed to careers in the
geosciences. Suggestions from the events in Cork and Galway have led to the incorporation of a field-trip
style element to the day, which will debuted in Dublin. The future of GiGie is bright. A planned expansion
of the programme could lead to its most successful year yet. Gender balance is far from equal yet, but
change is happening. We look forward to seeing Girls into Geoscience flourish.
“I loved (that) it was for girls. (Girls into Geoscience) made me feel more confident and that it’s possible to
do science as a girl” – Participant, Cork.
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