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1 Introduction 
 

1.1 Licence Information 
 

Licence Name: F018 (Figure 1) 

Country : Faroe Islands 

Licencing Round: Open Door Application 2012 

Award Date: 25
th
 June 2013 

First Term : 3 Years, Expiry, 24
th
 June 2016 (Figure 2) 

Equity : DONG E&P (100%) Operator 

Firm Commitment :  (a) Obtain a minimum of 290km
2 
of new 3D seismic data within the Licence Area 

   (b) Reprocess a minimum of 1066km
2 
3D seismic data 

   (c) Complete AVO analysis and fluid substitution within the Licence Area 

 

Figure 1 ï West of Shetland Location Map Showing DONG Licence holding as of June 2016 
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1.2 Timeline 
 

 

Figure 2 - High Level Licence Overview 

 

1.3 Exploration History 
 

Four wells have been drilled in the Faroese sector of the Judd Sub Basin to date, these include 6005/15-1 

(Longan), 6004/16-1Z (Marjun), 6004/17-1 (Marimas) and 6004/12-1 1Z (Svinøy) (Figure 3).  All wells were 

targeting Paleocene amplitude anomalies which were expected to contain hydrocarbons in deep marine 

sandstones.  The Longan well drilled by Statoil in 2001 penetrated a number of water wet deep marine sands in 

the Vaila Formation, but found that the two primary anomalies were attributed to volcaniclastic sandstones.  

Marjun drilled in 2001 by Hess penetrated a thick sequence of water wet deep marine Vaila Fm. sands with 

much higher net to grosses than expected and made a 167m hydrocarbon column discovery in T10 aged sands of 

the Sullom Formation.  Svinøy, drilled by BP in 2001 targeted a T35.3 aged anomaly which was related to a 

tuffaceous layer, with shows recorded in T34 sandstones and hydrocarbons in a T31.2 sand.  Marimas drilled by 

ENI in 2003 targeted a T35.2 anomaly which comprised water wet porous basin floor fan sands. 
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Figure 3 - Well Section Showing Wells Drilled In Faroese Sector of Judd Sub Basin 
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2 Database & Work Programme Summary 
 

2.1 Geological Database 
 

The DONG geological database includes all completed wells in Faroese waters and all exploration wells in UK 

waters that are available through the CDA.  Digital log data is available for all nearby wells, which has been 

used in the generation of computed petrophysical interpretations (CPIôs), synthetic well ties, fluid substituted 

logs and for well correlation purposes.  Key well results are illustrated in Figure 4. 

Biostratigraphic data were purchased from regional studies conducted by RPS Ichron.  These include the 

Palaeogene, Faroe Shetland Stratigraphic Database Phase 1 and 2.  The Ichron database comprises a detailed 

biostratigraphic analysis, litho- and biostratigraphic markers and regional correlation profiles which underpin 

the stratigraphic framework for the basin. 

To assess the exploration and AVO potential of Licence FO18 a full re-evaluation of all the Faroese wells 

within the Licence was conducted.  This included a full petrophysical assessment, used to generate fluid 

substituted logs, provide input ranges for porosity, net to gross and water saturation.  See F019 Licence 

Formation Evaluation Report.pdf, for a detailed review on the petrophysical analysis undertaken by DONG. 

The DONG database also includes the addition of Phase II of the Ikon West of Shetland Roknowledge Atlas.  

The Ikon dataset comprises a comprehensive petrophysical and AVO evaluation of selected West of Shetland 

wells, with the intent of providing a consistent rock physics dataset to de-risk AVO prospects (Table 1). 

 

Table 1 - Primary well database used in the F018 Licence evaluation.  CPI: Dong Petrophysical Evaluation; 

Ichron: Biostratigraphy; FIT: Fluid Inclusion Technology; APT: Applied Petroleum Technology; HM: Heavy 

Mineral Research Associates. 

Well Name Operator Year CPI Ichron FIT APT HM Ikon

6004/12-1&1Z Svinøy BP 2001 V V V V

6004/16-1Z Marjun Hess 2001 V V V V V

6004/17-1 Marimas ENI 2003 V V V

6005/15-1 Longan Statoil 2001 V V V V V

204/13-1Z Tornado OMV 2009 V V

204/14-1 Suilven BP 1998 V V V V

204/14-2 Onslow BP 1998 V V

204/16-1 Marjun App Hess 2002 V V

204/17-1 Nrth Fleet Chevron 2003 V V

204/18-1 Assynt BP 2001 V V V

204/18b-2 Handcross Valiant 2014 V

204/21-1 Bedlington BG 2004 V V V
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Figure 4 - Location Map, Showing Key Well Results and Licence F018 Leads & Prospects 
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2.2 Seismic Database 
 

The F018 Licence Area is covered by the PGS MegaSurvey 3D seismic data.  This is an off the shelf post-stack 

merge of pre-existing seismic data.  Leads identified at the time of Licence application were mapped on the PGS 

Megamerge Phase I dataset.  The Megamerge Phase IV dataset was subsequently purchased after the Licence 

was awarded to meet the commitment of purchasing 290km
2
 and to obtain angle stacks with which to conduct 

AVO work. 

The Licence commitment included reprocessing a minimum of 1066km
2
 of 3D seismic data.  Four pre-existing 

input surveys were used for the reprocessing and included the FSB12 Geostreamer, ENI SF96 (shot in 2001), 

AH2002 and the BP96 (Figure 5).  Figure 6 shows the fully imaged output area for the reprocessed dataset, 

which comprised the primary dataset used in the Licence evaluation.  Seismic products available from the 

reprocessing included time migrated full and partial stacks, pre & post stack gathers, migration and stacking 

velocities. 

 

 

Figure 5 - Seismic Base Map Showing PGS Megamerge IV Outline with Underlying Surveys Used In the F018 

Reprocessing 
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Figure 6 - Seismic Base Map Showing Output Area for DONG FO18 Reprocessed Area 
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2.3 Seismic Data Reprocessing 
 

To meet the Licence Commitment, a fully imaged output area of 1790km
2
 of 3D seismic data was reprocessed 

by PGS for DONG (Figure 6).  Two contractors including PGS and CGG were screened for suitability, PGS was 

selected primarily on the basis of their available datasets.  The underlying CGG 3D datasets had very short cable 

offsets, which rendered them unsuitable for the type of AVO analysis at the target depth of identified prospects. 

The purpose of seismic reprocessing was to produce a consistent high quality seismic image suitable for AVO 

analysis from multiple input datasets through modern broadband seismic processing techniques.  PGS used 

modern processing technology to achieve uplift and improvements to noise attenuation, velocity fields and an 

increase in usable bandwidth.  In addition, the output of continual pre-migration merge volumes meant 

amplitude issues associated with fold variations, survey edges and aperture distortions were avoided. 

Specific objectives included enhancing the image production and development quality, improving the signal to 

noise ratio, improving the resolution, including enhancing the usable bandwidth, minimising lateral and 

temporal positioning errors of dipping events such as faults and optimising the AVO response in the target 

section.  These were achieved using broadband processing techniques for vintage flat streamer datasets, 

including boosting high and low frequencies through optimisation procedures, employing time and space variant 

Q correction, using current noise attenuation & multiple removal techniques, constructing a detailed velocity 

model and ensuring relative amplitude preservation. 

The four input surveys used were of varying vintages including a 1993 BP survey, a 2001 ENI survey, a 2002 

Hess survey and the TGS FSB12 Geostreamer data which formed the baseline survey.  The acquisition 

parameters for each of these surveys can be found in (Figure 7; Table 2). 

The project commenced in July 2014 and was expected to be completed in March 2015.  The only notable delay 

arose during the merge of the ENI SF96 data.  Issues with the navigation data meant that a straight forward 

merge of the seismic and navigation data was not possible.  A misalignment between the shot record and the 

field file identification number (FFID) was present.  A relationship with the FFID, shot records and P190 was 

developed to mitigate issues.  The resolution of this issue added around 3 weeks to the initial project timeline 

and the final products were delivered to DONG in May 2015. 

The seismic reprocessing is the subject of a detailed report from PGS and can be found in the accompanying 

document F018_PGS_Final_Processing_Report_FINAL.pdf.  The ENI reformatting is also the subject of a more 

detailed report and found in the accompanying document F018_ENI_navseis_merge_report.pdf. 



 

Page 14 

 

 

Figure 7 - Faroes Reprocessing, Input Seismic Survey Sail Lines 
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Table 2 - Input Survey Acquisition Parameters 

Survey AH02-Judd BP93-204 FSB11/12 ENI SF96 3D

Location 6004/5, Q204 Q204, Q205 Q204, Q205 6004

Acquisition year 2002 1993 2011 / 2012 2001

Acquired by PGS CGG PGS Fugro Geoteam

Vessel Ramform Valiant Nordic Explorer Ramform Viking Geo Pacific

subsurface spacing6.25 x 25m 6.25 x 30m 6.25 x 18.75m 6.25 x 25m

Line Orientation N - S NE - SW N - S 030 - 210

Nominal Fold 60 30 80 52

Shotpoint Interval25m 25m 18.75m 25m

No. of Sources 2 2 2 2

Source Depth 7m 6m 8m 5m

Source Separation50m 60m 37.5m 50m

No. of Cables 10 4 12 6

Cable Separation100m 120m 75m 100m

Cable Length 6000m 3000m 6000m 5200m

No. groups / cable480 240 480 416

Group Interval 12.5m 12.5m 12.5m 12.5m

Cable Depth 8m 9m 20m 8m

Nom Near Offset 250m 225m - -

Low Cut Filter 3 Hz 8Hz 3 Hz 2 Hz

High Cut Filter 206 Hz 218 Hz 214 Hz 206 Hz

Record Length 8192ms 4608ms / 6168ms 7168ms 8192ms

Sample Interval 2ms 2ms 2ms 2ms

Survey Datum WGS84 ED50 ED50 WGS84
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3 Prospectivity 
 

3.1 Geological Overview 
 

The Faroe Shetland Basin (FSB) comprises a series of northeast - southwest trending sub-basins which are 

separated by basement cored highs, which have undergone a complex tectonic and sedimentary history (Figure 

8).  Licence FO18 lies in the Judd Sub-Basin, which is a major Paleocene depocentre in a basin approximately 

80km in length, which is contiguous with the Brynhild and Flett sub-basins (Figure 8).  Inherited basement 

trends derive from Caledonian times when a major orogeny formed a series of northeast southwest terranes.  

Multiple rift phases have occurred at times including the Triassic, Cretaceous and Paleocene. 

Major volcanism occurred prior to the onset of seafloor spreading in the Palaeogene with the emplacement of 

significant thicknesses of volcanic successions that stretch from the Faroes into the UK.  The timing of surface 

uplift in the Scottish hinterland is correlated with these events and resulted in the shedding of large volumes of 

sediments into the Faroe Shetland Basin.  The Danian marks the onset of a period of the pervasive deep water 

deposition of the Sullom Formation during T10 times, this continues throughout Selandian and Thanetian with 

the deposition of the Vaila Formation, T22-T36 sands (Figure 9).  Known hydrocarbon discoveries and shows 

occur throughout the Paleocene including the T10, T22, T31, T34 and T35 (Figure 9).  The Vaila Formation is 

capped by the tuffaceous Kettla Member which is widely regarded as a regional seal.  A major unconformity 

occurs in the Late Thanetian at the base of the Flett Formation, with a shallowing of basins and widespread 

deposition of fluvial to fluvio-deltaic reservoirs. 

Compression during the Middle and Late Miocene, resulted in the reactivation of Mesozoic extensional faults 

and folding of the overlying uppermost Paleocene to Middle Miocene post-rift sediments into a series of 

anticlinal domes.  Significant uplift also took place during the Early Pliocene resulting in the erosion of Tertiary 

and older sediments at basin margins (Figure 10). 

 

Figure 8 - West of Shetlands Structural Setting with DONG E&P Licences 

Faroe Islands 

Shetland Islands 



 

Page 17 

 

 

Figure 9 - DONG West of Shetland Palaeogene Lithostratigraphy 
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Figure 10 - Regional Seismic Section and Conceptual Geosection 
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3.2 Mapping 
 

All seismic data presented in this report are European polarity, where an increase in acoustic impedance is 

represented by a trough.  Synthetic well ties were generated for all wells within the boundary of the reprocessed 

dataset (Figure 6).  Well ties were generated in Petrel, by extracting a statistical wavelet which was then 

convolved with a reflectivity spike series generated using DONG corrected compressional sonic and density 

logs.  In general the well ties are considered good and the wells did not require any time shifts to match the 

seismic data at key horizons (Figure 11). 

Horizons to be mapped were selected after analysing well ties, regional cross sections and the biostratigraphic 

data.  Mappable sequence boundaries were chosen to enable a robust structural interpretation, assess basin 

development, and assess identified and new prospectivity using various seismic attributes.  Horizons mapped 

include the seabed, Top Balder, Base Flett, Top Vaila, T35.3, T35.2, T34, T31, T22, Top Sullom and the Base 

Tertiary (Figure 12). 

All surfaces were depth converted using the DIX converted migration velocities.  The seismic velocities were 

cross plotted against the well velocities with the resulting formula used to scale the seismic velocities for depth 

conversion (Figure 13). 

 

 

Figure 11 - Well Tie For 6004/16-1Z Marjun and Associated Statistical Wavelet 
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Figure 12 - Dip Line Illustrating Mapped Horizons and Well Ties 
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Figure 13 - Well Velocity - Seismic Velocity Cross Plot 

Of note is the geomorphology of the seabed which has an effect on the seismic image throughout the section.  A 

number of modern day geological processes are manifest in spectacular fashion with the seabed forming part of 

the continental slope, base of slope and continental rise (Figure 14).  A series of modern day submarine fans 

cover an area of nearly 500km
2
 fed through slope channels which run parallel to the slope direction.  These fans 

are considered a good analogue for sandstones deposited during Sullom and Vaila times, and have been used to 

condition facies distributions in geological modelling.  Another prominent feature of the seabed is the Judd 

Falls, a major seabed escarpment that forms a 200 metre high ridge in the southwestern corner of the dataset, 

causing seismic artefacts to occur deep into the section below it. 

 

Figure 14 - 3D Image of the Seabed (TWT) 

 

Y = -0.00016x
3
 + 1.27x + 67 
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3.3 Local Structural Setting 
 

Locally the basin is flanked to the east by the Westray High and to the west by the Sjurdur Ridge (Figure 15).  

The structural setting is dominated by a broad arch which plunges to the northwest.  The Paleocene is 

characterised by a number of east - west extensional faults which formed during localised rifting.  Structural 

traps throughout the Paleocene section are confined to small fault bounded three way closures such as those in 

the Suilven and Marjun Fields.  All prospects identified in the Paleocene section rely on some component of 

stratigraphic trapping. 

 

Figure 15 - Top T35.2 Map (TWT) Illustrating Local Tectonic Setting 
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3.4 Petroleum System 
 

3.4.1 Source Rock & Charge 
 

The main source rock for hydrocarbon discoveries in the FSB is widely recognised as being the Kimmeridge 

Clay Formation (KCF), a world class source rock deposited in the late Jurassic.  Additional potential exists in 

the Heather Formation of the Jurassic and potentially in rocks deposited in the Cretaceous but these are 

considered insignificant in this part of the basin.  Numerous KCF source rock penetrations have been made on 

structural highs and in shallow basins within the UK sector of the FSB (Figure 16).  Rock Eval and direct 

analysis on fluid extracts indicate that it is a Type II-Type III marine source rock with terrestrial influence.  

Although no penetrations exist within the Faroese sector, source rock presence can be inferred from the 

discovery of oil in Marjun, oil shows in well 6005/15-1 (Longan) and gas shows in well 6004/12-1 (Svinøy). 

 

Figure 16 - Map Showing Wells With KCF Penetrations and Presence 

Mapping a Top Jurassic KCF marker in the study area is inherently uncertain due to the large scale presence of 

igneous rocks throughout the Cretaceous section, which significantly impact the image of the Jurassic and older 

stratigraphy (Figure 18).  Mapping on the current dataset places the KCF at deeper depths than previous 

interpretations (Figure 17).  Using a geothermal gradient of 30-40 °C per kilometre puts the KCF in the oil to 

gas window at current time (Figure 18).  This observation is supported by the fluids in Suilven and Tornado 
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fields which are both gas/oil discoveries and have been charged from source rocks in this part of the basin.  

Charge modelling estimates that generation began in the Cretaceous and continues to present day.  Discoveries 

at Suilven and Tornado, with oil shows in well 6005/15-1 and gas shows in well 6004/12-1 indicate that 

migration of hydrocarbons through this section of the Judd Sub-Basin has occurred and has probably been 

assisted through basin bounding faults which cut down to Jurassic strata (Figure 18).  Charge and timing for 

prospects in the Paleocene are considered low risk. 

 

Figure 17 - Top Jurassic Depth Map (KCF Proxy) 
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Figure 18 - Section through Wells Showing Approximate Oil & Gas Windows 
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3.4.2 Seal 
 

Seal for Paleocene prospects in this part of the FSB is considered the highest risk component of all the 

petroleum system elements.  Well data across the Licence confirm that the entire Paleocene section is an 

extremely sand rich, high net to gross interval with limited sealing horizons.  A major flooding event occurring 

at the end of T10 and start of T22 times provides a thick sequence of mudstones forming the seal for the T10 

discovery at Marjun (Figure 19).  Throughout the T31 and T34, sedimentation is dominated by amalgamated 

basin floor fans and it is not until the T35.2 that the next regional flooding event occurs.  Following the T35.2 

MFS another wedge of low stand basin floor fans are present which are capped by another flooding surface 

during T35.2 times (Figure 19).  The Vaila Fm. is capped by the Kettla Member, widely accepted as a basin 

wide seal in the Flett and Foinaven sub-basins. 

For prospects to work at T31 level, they would be reliant on thin intra-fan mudstones providing retention ability.  

This is yet to prove successful in the FSB, where discoveries are typically sealed in more mud rich settings such 

as the slope and shelf break.  Prospects at T35 level have a greater chance of retaining hydrocarbons due to the 

presence of several regional flooding events. 
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Figure 19 - Section Illustrating Regional Sealing Horizons 
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3.4.3 Reservoir & Depositional Model 
 

Both the Sullom and Vaila formations in the FSB are characterised by deep marine sedimentation.  Generalised 

models for deep water systems classify architectural elements by their relative depositional position within the 

shelf, slope and basin floor.  Major erosional features occur on the shelf, and shelf break and can include feeder 

canyons, slope and intra-basin failures.  Channels including large scale levéed valleys, and commonly smaller 

un-levéed channels in the slope setting where they feed large amounts of material to the base of slope, where it 

forms unconfined fans lobes.  Submarine fans are major constructional features which develop seaward of a 

major sediment source.  Figure 20 illustrates generalised depositional environments for the Vaila Formation.  In 

the Faroese sector of the Judd Sub-Basin, deep water deposition is characterised by the presence of basin floor 

fans (Figure 21).  Up dip towards the UK, facies associations move progressively upslope with the reservoirs in 

Foinaven, Schiehallion and Loyal comprising of high density turbidites, deposited in slope channel complexes. 

 

Figure 20 - Generalised depositional environments for the Vaila Formation 

 

Figure 21 - Well Section Illustrating Vaila Section in the Faroese Sector of the Judd Sub-Basin 
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Wells drilled in the Vaila section of the Faroes have penetrated thick Vaila sequences with up to 1500 m of high 

net to gross amalgamated sands forming basin floor fans.  Isopach analysis of the T31 unit of the Vaila reveals a 

constructional lobate feature oriented 50 km northeast - southwest in a strike sense and 25 km in length in a dip 

sense (Figure 22).  The thickest part of the section reaches up to 600 m.  This submarine fan is interpreted to 

comprise a series of amalgamated lobes, which were be fed by three separate feeder channels traveling from the 

southeast to the northwest. 

 

Figure 22 - Isopach Map of the T31 interval 

Isopach analysis of the T35.2 unit of the Vaila Fm. reveals a constructional lobate feature with orientation and 

dimensions similar to the T31 however, the depocentre of theses submarine fans appear to have narrowed and 

become more focused in the central part of the basin.  Gross thicknesses for the T35.2 unit reach up to 500 m 

(Figure 23). 
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Figure 23 - Isopach Map of the T35.2 interval 

 

Reservoir quality, including porosity and net to gross, varies significantly throughout the Vaila and plays an 

important role in the potential AVO response.  In its broadest terms, reservoir quality relates to depth as porosity 

decreases with depth, initially through mechanical compaction then chemically through the subsequent 

generation of cements through diagenesis.  However, sorting and grain size also play important roles in 

preserving or destroying porosity.  Well sorted mature sandstones, which have had some level of grain coating 

chlorite cement growth can have significantly higher porosities than expected for their depths. 

T31 reservoir quality in Faroese wells is generally moderate to poor.  Burial depths range from 2.5 km to 3.5 km 

below mudline, but are likely to have been buried up to 1 km deeper than present day due to Miocene uplift.  

Average porosities are typically less than 15%, with some exceptions such as in well 6004/12-1Z, where the 

lower section of the T31.2 has porosities averaging 17% (Figure 24). 

T35 reservoir quality in Faroese wells is generally moderate to good.  Burial depths range from 1.5 km to 3.2 

km below mudline and like the T31.2 may have been buried up to 1 km deeper than their present depth due to 

Miocene uplift.  Average porosities range from 14 - 20% in the region of interest however, reservoir quality 

seems best in the upper most section of the T35.2 where some point value porosities can reach up to 30% 

(Figure 25). 
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Figure 24 - T31.2 Average Porosity Probability Distribution Function for Judd Sub-Basin Wells 

 

Figure 25 - T35.2 Average Porosity Probability Distribution Function for Judd Sub-Basin Wells 

Submarine fans can be further subdivided into proximal, medial and distal components.  Proximal fans typically 

display more channelisation, low (width to height) aspect ratios, high net to gross within sands and erosional 

contacts.  Medial fans comprise sheet sands with high aspect rations, net to gross is still high with non-erosional 

contacts.  The distal portion of the fan comprises sheet sands composed of thin bedded turbidites with much 

lower net to gross values than that of the medial or proximal parts of an overall fan system.  Prospectivity 
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identified within the Vaila section of the Licence area is interpreted to be deposited within the proximal and 

medial sections of a fan system.  T31.2 sands are interpreted to represent medial fan turbidites and the T35.2 

medial to proximal sands.  Depositional outcrop analogues include the Skoorsteenberg Formation of the Karoo 

in South Africa (Figure 26) and the Ross Formation in County Clare, Ireland. 

 

Figure 26 - Submarine fan divisions of the Karoo Skoorsteenberg Formation, Karoo, South Africa 

  
























































































