
 

Page 1 

 

 

 

 

 

 

 

FAROE ISLANDS 

LICENCE F019 

 

RELINQUISHMENT REPORT  

 

July 2016 

 

 

 

Compiled by 

Kirsty Purnell  and Michael Vork 

  



 

Page 2 

 

Contents 
1 Introduction .................................................................................................................................................... 7 

1.1 Licence Information .............................................................................................................................. 7 

2 Database ......................................................................................................................................................... 9 

2.1 Well Database ....................................................................................................................................... 9 

2.2 Seismic Database ................................................................................................................................ 10 

3 EM Feasibility Study .................................................................................................................................... 12 

4 Marjun .......................................................................................................................................................... 14 

4.1 Overview ............................................................................................................................................. 14 

4.2 Depositional Environment .................................................................................................................. 16 

4.3 Reservoir ............................................................................................................................................. 18 

4.4 Seismic Interpretation ......................................................................................................................... 20 

4.4.1 Depth Conversion ........................................................................................................................... 23 

4.4.2 Seismic Features ............................................................................................................................. 24 

4.5 Local Structural Setting ....................................................................................................................... 26 

4.6 6004/16-1Z AVO Modelling ............................................................................................................... 27 

5 Marjun Static Modelling ............................................................................................................................... 29 

5.1 Static Modelling Approach ................................................................................................................. 29 

5.2 Structure .............................................................................................................................................. 29 

5.2.1 Structural Modelling ....................................................................................................................... 29 

5.3 Reservoir ............................................................................................................................................. 30 

5.3.1 Zonation and Layering .................................................................................................................... 30 

5.3.2 Facies Characterisation and Upscaling ........................................................................................... 33 

5.4 Facies modelling ................................................................................................................................. 34 

5.5 Petrophysical Modelling ..................................................................................................................... 35 

5.5.1 Porosity and Permeability ............................................................................................................... 35 

5.5.2 Net to Gross .................................................................................................................................... 38 

5.5.3 Water Saturation ............................................................................................................................. 38 

5.6 Hydrocarbon Water Contact................................................................................................................ 38 

5.7 Fluid Parameters ................................................................................................................................. 38 

5.8 Geological Model - Scenario 1............................................................................................................ 39 

5.8.1 Trap Definition ............................................................................................................................... 39 

5.8.2 Facies Model ................................................................................................................................... 40 

5.8.3 Porosity Model ................................................................................................................................ 41 

5.9 Scenario 2 ............................................................................................................................................ 42 

5.9.1 Trap Definition ............................................................................................................................... 42 

5.9.2 Facies Model ................................................................................................................................... 44 

5.9.3 Porosity Model ................................................................................................................................ 44 

5.10 Scenario 3 ............................................................................................................................................ 46 

5.10.1 Trap Definition ........................................................................................................................... 46 



 

Page 3 

 

5.10.2 Facies Model .............................................................................................................................. 47 

5.10.3 Porosity Model ........................................................................................................................... 49 

6 Volumetrics and Uncertainty ........................................................................................................................ 50 

7 Conclusions from Static Model .................................................................................................................... 55 

8 Reservoir Engineering .................................................................................................................................. 56 

8.1 RE Evaluation 2014 ............................................................................................................................ 56 

8.2 RE Evaluation 2016 ............................................................................................................................ 57 

8.3 Development Concept ......................................................................................................................... 58 

8.4 Well Spacing Study ............................................................................................................................. 58 

8.5 Reservoir ............................................................................................................................................. 60 

8.5.1 PVT ................................................................................................................................................. 60 

8.5.2 Permeability and Relative Permeability .......................................................................................... 60 

8.5.3 Fractional Flow Analysis ................................................................................................................ 61 

9 Conclusion from Reservoir Engineering ...................................................................................................... 63 

 



 

Page 4 

 

Figures 
Figure 1 ï West of Shetland Location Map Showing DONG Licence holding as of June 2016 ............................ 7 
Figure 2 - High Level Licence Overview ............................................................................................................... 8 
Figure 3: Licence map showing Marjun, Marjun Appraisal and semi regional offset wells. ............................... 10 
Figure 4 - Seismic basemap showing PGS Megamerge IV outline with underlying surveys used in the F018 and 

F019 reprocessing. (FSB12, AH2002, ENI SF96 and BP96) ............................................................................... 11 
Figure 5 - Seismic basemap showing output area for DONG F018 and F019 reprocessed area .......................... 11 
Figure 6 - Vertical Resistivity Profile Used For CSEM Modelling ...................................................................... 12 
Figure 7 - Peak sensitivity for Marjun field limits ................................................................................................ 13 
Figure 8 - DONG West of Shetland Paleogene Lithostratigraphy ........................................................................ 15 
Figure 9 - Generalised depositional environments for the Sullom and Vaila Formations .................................... 16 
Figure 10 - Well Section Illustrating T10 Sullom Section in The Faroese Sector of The Judd Sub Basin ........... 17 
Figure 11 - Submarine fan divisions of the Karoo Skoorsteenberg Formation, Karoo, South Africa .................. 18 
Figure 12: 6004/16-1Z CPI showing GR, Porosity, Permeability and Water Saturation. The GR log is colour 

coded based on DONG Energyôs internal lithology scheme. ............................................................................... 19 
Figure 13: Thin section taken in plane polarised light at -4151.39 m TVDSS of well 6004/16-1Z ..................... 20 
Figure 14 - Well tie for 6004/16-1Z Marjun and associated statistical wavelet ................................................... 21 
Figure 15 ï Top Left: Depth structure map of the Top T10 Sullom Sandstone displaying transect A and B. A: 

dip line through 204/16-1 showing synthetic seismogram, reservoir interval and major east west trending faults. 

B: Intersection through both Marjun wells showing key horizons used for velocity and static modelling .......... 22 
Figure 16: Intersection through both Marjun wells showing key horizons used for velocity modelling .............. 23 
Figure 17: Top T10 Sullom Sandstone time and depth structure maps ................................................................ 24 
Figure 18: 3D image of the seabed (twt), of the reprocessed seismic dataset illustrating a range of 

geomorphological features including submarine fans and extensional faults. ...................................................... 25 
Figure 19: Seismic intersection showing clear evidence of extensive igneous activity in the region in and around 

Marjun. The depth structure highlights the location of the seismic intersection in relation to Marjun. ............... 26 
Figure 20 - Top T10 Sullom Sandstone twt map illustrating local tectonic setting .............................................. 27 
Figure 21 - Synthetic Gathers For Well 6004/16-1Z ............................................................................................ 28 
Figure 22: Schematic of the static modelling workflow ....................................................................................... 29 
Figure 23: Marjun model showing 200 x 200 m mid skeleton grid populated with faults. .................................. 30 
Figure 24: Intersection through geomodel showing three zones .......................................................................... 30 
Figure 25: A T10 Sullom sandstone intra-reservoir well log correlation. A, B and C show schematics of the 

gross depositional environment for each zone. ..................................................................................................... 32 
Figure 26: Core porosity and permeability crossplot annotated with zonal colours from Figure 24. ................... 33 
Figure 27: Well section comparing wireline and upscaled facies, porosity and water saturation logs ................. 34 
Figure 28: A variance attribute map of the seabed showing modern day submarine fans .................................... 35 
Figure 29:Left: Semi-regional porosity data analysis (6004/16-1Z, 204/16-1, 204/21-1, 204/22-2Z and 204/22-1) 

for sand facies in Zone 1. Right: Well log (red) (6004/16-1Z and 204/16-1 only), upscaled (green) and modelled 

(blue) comparison for sand facies. ........................................................................................................................ 36 
Figure 30: Left: Semi-regional porosity data analysis (6004/16-1Z, 204/16-1, 204/21-1, 204/22-2Z and 204/22-

1) for sand facies in Zone 3. Right: Well log (red) (6004/16-1Z and 204/16-1 only), upscaled (green) and 

modelled (blue) comparison for sand facies. ........................................................................................................ 36 
Figure 31:A histogram plot showing the core plug permeability (horizontal) for 6004/16-1Z and 204/16-1 ...... 37 
Figure 32: A histogram plot showing the CPI permeability for 6004/16-1Z and 204/16-1 for sand facies. ......... 37 
Figure 33: A crossplot showing the MDT data for 6004/16-1Z and 204/16-1. .................................................... 38 
Figure 34: A: Variance seismic attribute of Top T10 Sullom Sandstone. B:  Seismic cross section through 

Marjun 6004/16-1Z well ....................................................................................................................................... 39 
Figure 35: Depth structure map of the Top T10 Sullom Sandstone showing Scenario 1 boundary and -4197 m 

TVDSS contact ..................................................................................................................................................... 40 
Figure 36: A: Zone 1 sand probability map with conceptual sand deposition overlay. B: Effects of probability 

map on sand propagation ...................................................................................................................................... 41 
Figure 37: A: Zone 3 sand probability map with conceptual sand deposition overlay. B: Effects of probability 

map on sand propagation ...................................................................................................................................... 41 
Figure 38: Intersection through model and Marjun wells showing modelled facies ............................................ 41 



 

Page 5 

 

Figure 39: Intersection through model and Marjun wells showing modelled porosity......................................... 42 
Figure 40: Left: A seismic section highlighting three key horizons. A: Variance of the Top Balder showing 

amalgamated pockmarks. B: Amplitude extraction of T22 shale showing amplitude dimming between 6004/16-

1Z and 204/16-1. C: A timeslice at -3620 ms showing extensive sill intrusions. ................................................. 43 
Figure 41: Figure 39A, B and C overlain together linking sill intrusions, fluid chimneys and pockmarks on the 

Top Balder. ........................................................................................................................................................... 43 
Figure 42: Depth structure map of the Top T10 Sullom Sandstone showing Scenario 2 boundary and -4197 m 

TVDSS contact ..................................................................................................................................................... 44 
Figure 43: A probability map overlain on Top Balder variance attribute map showing intersection plane relevant 

to Figure 44. .......................................................................................................................................................... 45 
Figure 44:  Modelled porosity showing low porosity zones (purple) where pockmarks were identified. ............ 45 
Figure 45: Cross section showing a clear vertical barrier between 6004/16-1z and 204/16-1 (Intersection shown 

on Figure 42) ........................................................................................................................................................ 46 
Figure 46: Well log correlation showing two potential sands provenances and stratigraphic component between 

6004/16-1z and 204/16-1. ..................................................................................................................................... 47 
Figure 47: Sand probability map for both Zone 1 and 2 with zero probability barrier between 6004/16-1Z and 

204/16-1 ................................................................................................................................................................ 48 
Figure 48: Modelled facies showing stratigraphic trap between 6004/16-1Z and 204/16-1. ................................ 49 
Figure 49: Cross section showing a clear stratigraphic vertical barrier between 6004/16-1Z and 204/16-1 ........ 49 
Figure 50: Depth structure map of the Top T10 Sullom Sandstone showing Scenario 3 boundary and -4197 m 

TVDSS contact ..................................................................................................................................................... 49 
Figure 51: Depth structure map summarising the final volume boundaries for each scenario. Scenario 1 in blue, 

Scenario 2 in green and Scenario 3 in pink. ......................................................................................................... 51 
Figure 52: STOIIP distribution for Scenario 1 ..................................................................................................... 51 
Figure 53: Scenario 1 Mid-case STOIIP volume height map (m) ........................................................................ 52 
Figure 54: STOIIP distribution for Scenario 2 ..................................................................................................... 52 
Figure 55: Scenario 2 Mid-case STOIIP volume height map (m) ........................................................................ 53 
Figure 56: STOIIP distribution for Scenario 3 ..................................................................................................... 53 
Figure 57: Scenario 3 Mid-case-STOIIP volume height map (m) ........................................................................ 54 
Figure 58: Marjun production profiles from 2014 reservoir simulation ............................................................... 57 
Figure 59: Well spacing diagram .......................................................................................................................... 58 
Figure 60: Scenario 1 area of hydrocarbons and development well pattern ......................................................... 59 
Figure 61: Oil and water production rates for different well spacing ................................................................... 59 
Figure 62: Marjun mean case relative permeability curves .................................................................................. 61 
Figure 63: Marjun fractional flow curves and parameters .................................................................................... 62 
Figure 64: Marjun field profile for Scenario 1 (Mean Case - 11 wells in total - 400 m well spacing) ................. 63 
 

Table 1 - Primary well database used in the F019 Licence evaluation.  CPI: DONG Petrophysical Evaluation, 

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

Mineral Research Associates. ................................................................................................................................. 9 
Table 2 - CSEM sensitivity metric table ............................................................................................................... 13 
Table 3:A summary table detailing the average CPI petrophysical parameters by well for the T10 Sullom 

Sandstone Member. .............................................................................................................................................. 20 
Table 4: Table summarises key stratigraphic units and how they are acquired and uses within velocity modelling 

and geomodelling. See Figure 14 for stated surfaces............................................................................................ 21 
Table 5: A summary table detailing the average CPI effective porosity and NtG by zone for the T10 Sullom 

Sandstone Member. .............................................................................................................................................. 33 
Table 6: Summary of the key uncertainty ranges on the main STOIIP parameters. ............................................. 50 
Table 7: Summarises the key similarities and differences between each scenario ............................................... 55 
Table 8: Final STOIIP summary table colour coded by scenario boundary from Figure 50 ................................ 55 
Table 9 : Marjun hydrocarbon volume range used in 2014 reservoir simulation ................................................. 56 
Table 10 : Recovery factors calculated from Mbal ............................................................................................... 56 
Table 11: Well spacing production rates .............................................................................................................. 60 
Table 12: Marjun Reservoir fluid properties used in simulation modelling ......................................................... 60 
Table 13: Marjun relative permeability parameters .............................................................................................. 61 



 

Page 6 

 

  



 

Page 7 

 

1 Introduction 
 

1.1 Licence Information 
 

Licence Name : F019 (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 

Equity : DONG E&P (100%) Operator 

Firm Commitment :  (a) Complete AVO analysis and fluid substitution within the Licence Area 

   (b) Petrophysical evaluation of available log, core and sample data 

   (c) Electromagnetic feasibility study 

   (d) Conduct dynamic simulation modelling 

   (e) Investigate optimised development scenario 

The F019 licence contains the Marjun discovery which was carved out of the original larger F018 licence area at 

the time of the licence award (Figure 1). The two licences were set to run concurrently and the seismic 

reprocessing project forming part of the F018 licence commitment also covers F019. Figure 2 details the F019 

licence timeline and critical project aspects. 

 

Figure 1 ï West of Shetland Location Map Showing DONG Licence holding as of June 2016 
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Figure 2 - High Level Licence Overview 
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2 Database 
 

2.1 Well Database 
 

The DONG geological database for F019 is common with that for F018 and it 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 Marjun and Marjun Appraisal wells, which has been used in the generation of computed 

petrophysical interpretations (CPIôs), synthetic well ties, fluid substituted logs and for well correlation purposes.  

As a F019 licence commitment, an in-house petrophysical evaluation was completed for 6004/16-1Z and 

204/16-1 along with additional offset wells (that penetrate T10 Sullom reservoir sandstones) 204/22-2, 204/21-

1, 204/22-1 and 204/23-1 which were used to capture the semi-regional geology (Figure 3). 

Biostratigraphic data were purchased for regional studies conducted by Ichron.  These include 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 underpinning the stratigraphic 

framework for the basin. 

To assess the AVO potential of Marjun, a full re-evaluation of Marjun well 6004/16-1Z in the F019 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 

Formation_Evaluation_Report_Licence_F019_Commitment_Work_2016.pdf for a detailed report on the 

petrophysical analysis undertaken by DONG. 

The DONG database also included 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. (Table 1) 

 

Table 1 - Primary well database used in the F019 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

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

204/16-1 Marjun App Hess 2002 V V

204/22-2 Conival BP 1994 V

204/21-1 Neptune BG 2004 V

204/22-1 No Name BP 1989 V

204/23-1 No Name BP 1987 V
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Figure 3: Licence map showing Marjun, Marjun Appraisal and semi regional offset wells. 

2.2 Seismic Database 
 

The F018 and F019 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.  Pre-licence award mapping was conducted on PGS Megamerge 

Phase I dataset.  The PGS Megamerge Phase IV 3D dataset was subsequently purchased after the licence was 

awarded as part of the F018 licence commitment and this dataset was used for seismic interpretation for the 

Marjun evaluation. 

A comprehensive 3D seismic reprocessing project was also carried out over licences F018 and F019. This is 

described in more detail in the F018_Relinquishment_Report_July_2016.pdf and in the 

F018_PGS_Final_Processing_Report_FINAL.docx. Maps showing the input surveys and the output area are 

given in Figure 4 and Figure 5. 
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Figure 4 - Seismic basemap showing PGS Megamerge IV outline with underlying surveys used in the F018 and 

F019 reprocessing. (FSB12, AH2002, ENI SF96 and BP96) 

 

Figure 5 - Seismic basemap showing output area for DONG F018 and F019 reprocessed area  
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3 EM Feasibility Study 
 

In November 2014 EMGS carried out a feasibility study to determine the potential effectiveness in utilising a 

controlled source electromagnetic (CSEM) survey to delineate the Marjun Field extent. 

Data provided to EMGS included well logs for 6004/16-1Z, 204/16-1, lithologies, depth structure maps, seismic 

images along with a geological overview of the potential scenarios for compartmentalisation and field extents. 

The target's thickness and depth of investigation were modelled using data available from wells and seismic 

mapping.  A background resistivity model from mean sea level to below the target was generated from the 

resistivity log profiles in well 6004/16-1Z and 204/16-1(Figure 6).  The resistivity profile shows a general 

increase in resistivity with depth, with three notable peaks occurring at the Kettla Tuff, the T25 and in the 

hydrocarbon saturated T10 Sullom Sandstone, where horizontal resistivities are modelled at 30 ohm meters and 

vertical resistivities are modelled to be around 50 ohm meters.  The gross thickness of the target was taken to be 

around 170m. 

 

 

Figure 6 - Vertical Resistivity Profile Used For CSEM Modelling 

 Using the above base resistivity model, EMGS use a sensitivity metric to determine the effectiveness of CSEM 

in detecting hydrocarbons (Table 2).  If the sensitivity metric is <1 the detection likelihood is low and typically 

masked by errors, responses between 2 and 3 return moderate results and responses >3 return positive detection 

results where most samples will resolve the response. 
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Table 2 - CSEM sensitivity metric table 

 

Figure 7 - Peak sensitivity for Marjun field limits 

Figure 7 shows the peak sensitivity response modelled by EMGS for a Marjun accumulation within the P10 and 

P90 aerial extents of the Field.  The peak sensitivity metric for an accumulation at Marjun ranges from 0.25-1.25 

for aerial extents that range from 7-33km
2
.  For an accumulation at these depths and areas, the peak sensitivity is 

modelled as residing in the noise level and the conclusion from EMGS is that the use of CSEM to determine the 

lateral extent of the Marjun discovery is not recommended based on their assessment with the currently 

available data. 



 

Page 14 

 

4 Marjun 
 

4.1 Overview 
The Marjun discovery is located in the Judd Basin, in the Faroes offshore sector close to the UK-Faroes border. 

The Marjun well (6004/16-1Z) was drilled by Amerada Hess as Operator in licence F001. The well was spudded 

20th September 2001 and was completed 4th December 2001. The Marjun well encountered an oil column 

(charged from the Kimmeridge Clay Formation) of 166.7 m in sands of the Palaeocene Sullom Formation (T10 

interval) (Figure 8).  

The Marjun reservoir was deposited by turbidity currents in a basin-floor fan environment.  Reservoir quality 

has been significantly affected by volcanic activity causing the precipitation of diagenetic authigenic clays. The 

reservoir sands are capped by Intra-Sullom mudstones forming the seal at Marjun. 6004/16-1Z was drilled on an 

inversion anticline and consists of an upper and lower reservoir unit, which is separated by a mudstone that has 

a semi-regional extent. 

An updip appraisal well (Marjun Appraisal 204/16-1) was drilled by Amerada Hess as Operator in UK licence 

P1029. It is located 5.7 km southeast of the 6004/16-1Z well. The 204/16-1 well only encountered residual gas.  

The two wells are not in pressure communication and consequently the south-eastern boundary of the Marjun 

discovery is situated somewhere between the wells. The up dip trap extent is the most uncertain volumetric 

parameter. 

Basin and migration modelling suggests that hydrocarbon migration began around 65 Ma and continued to 

present day. Modelling indicates two separate phases of charge with the first oil that was charged being 

biodegraded. 

Based on re-interpretation of the 3D seismic data and on a geological model for the licence oil initial in place 

estimates range from 120 to 254 MMbbl. The interpretations and analyses currently available have highlighted a 

number of uncertainties with respect to hydrocarbon volume in the Marjun discovery.  Three viable geological 

scenarios have been proposed to account for uncertainties surrounding the Field Extent.  Three different 

trapping mechanisms have been postulated and include a sill induced fault barrier, an intrusive/hydrothermally 

induced barrier and a stratigraphic barrier. 
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Figure 8 - DONG West of Shetland Paleogene Lithostratigraphy 
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4.2 Depositional Environment 
 

Both the Sullom and Vaila Formation in the Faroe Shetland Basin (FSB) are characterised by deep marine 

sedimentation.  Generalised models for the deep water systems classify systems by their relative depositional 

position where architectural elements can be associated with the shelf, slope and basin floor.  Submarine fans 

are major constructional features developing seaward of a major sediment source.  Marjun and the Faroese area 

is typical of a submarine lobe setting in the basin floor area (Figure 9). Updip towards the UK, facies 

associations move progressively upslope with the reservoir in in Foinaven, Schiehallion and Loyal representing 

high density turbidites deposited in slope channel complexes. For greater detail regarding regional scale gross 

depositional environments, please refer to F018_Relinquishment_Report_July_2016.pdf. 

 

 

Figure 9 - Generalised depositional environments for the Sullom and Vaila Formations 

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

comprise 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 ratios, 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.  T10 Sullom sands at 

Marjun are interpreted to represent distal fan turbidites.  Depositional outcrop analogues include the 

Skoorsteenberg Formation of the Karoo in South Africa and the Ross Formation in County Clare, Ireland 

(Figure 11). 

Figure 10 shows a well log correlation with particular focus on the T10 Sullom Sandstone Member. Wells 

drilled in the distal Sullom section of the Faroes have penetrated T10 Sullom sandstone sequences of up to 200 

m with gradual sand thinning occurring south east onlapping onto the Judd High. Also onlapping onto the Judd 

High is the Jurassic Kimmeridge Clay Source rock (Figure 10) recorded in well 204/23-1. Sands are most likely 

sourced from the Judd High (Scottish provenance), however, due to limited evidence regarding sediment 

provenance a northern sediment source (East Greenland provenance) cannot be ruled out.  
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Figure 10 - Well Section Illustrating T10 Sullom Section in The Faroese Sector of The Judd Sub Basin 
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Figure 11 - Submarine fan divisions of the Karoo Skoorsteenberg Formation, Karoo, South Africa 

 

4.3 Reservoir 
 

The Marjun well encountered an oil column of 167 m in basin-floor fan turbidite sandstones of the Palaeocene 

T10 Sullom Formation. The T10 sandstone is divided into a lower (Zone 1) and an upper reservoir (Zone 3), 

separated by an intra-reservoir shale (Zone 2) (Figure 12). The average effective porosities of the reservoir 

sandstones in 6004/16-1Z are approximately 12%, average permeabilities of 3mD and average water saturations 

of 36% (Table 3) based on the facies characterisation explained in 5.1 Static Modelling Approach. 

T10 
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Figure 12: 6004/16-1Z CPI showing GR, Porosity, Permeability and Water Saturation. The GR log is colour 

coded based on DONG Energyôs internal lithology scheme. 

The poor reservoir quality of the T10 sandstones is related to precipitation of diagenetic authigenic clays (G7 

Figure 13). These clays precipitated during significantly raised temperatures. These raised temperatures were 

probably short lived, and are assumed to have been related to the early intrusion of an igneous dyke, intersecting 

the well at -4090 m TVDSS and other extensive igneous intrusions in the area (Figure 12). This event has had a 

significant detrimental influence on reservoir quality, and the lateral extension away from the well of this 

diagenetic phase is not known.  

Zone 3 

Zone 2 

Zone 1 
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Figure 13: Thin section taken in plane polarised light at -4151.39 m TVDSS of well 6004/16-1Z 

The 204/16-1 Faroe Extension well in the UK licence P1029 well was drilled as an appraisal well to the 

6004/16-1Z discovery well. The main target was the T10 sandstones and the well found solely residual gas 

sandwiched in thin sand layers between water bearing intervals. Moreover, the well showed another pressure 

regime indicating that no pressure communication is present between the two wells and that the south-eastern 

boundary of the Marjun discovery is situated somewhere between the two wells.  

The reservoir quality of the T10 sandstones in this well are also generally poor and affected by precipitation of 

diagenetic clays related to significantly raised temperatures. The average effective porosities of the reservoir 

sandstones are approximately 11% and average permeabilities of 2.4mD (Table 3) based on facies 

characterisation explained in 5.1 Static Modelling Approach. 

Table 3 summarises the key petrophysical averages for the T10 Sullom Sandstone Member. Greater 

petrophysical detail broken down by zone is discussed in Section 5.3 Reservoir.  

 

Table 3:A summary table detailing the average CPI petrophysical parameters by well for the T10 Sullom 

Sandstone Member. 

4.4 Seismic Interpretation 
 

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 both 6004/16-1Z and 204/16-1.  Well ties were 

constructed, by extracting a statistical wavelet convolved with a reflectivity spike series generated using DONG 

Energyôs corrected compressional sonic and density logs.  In general, the well ties are considered good and time 

shifts of less 10 ms applied (Figure 14 and Figure 15A). 

Well Porosity Permeability Water Saturation NtG

6004/16-1Z 12% 3 mD 36% 61%

204/16-1 11% 2.4 mD N/A 48%

204/22-2 13% Not Calculated N/A 25%

204/21-1 17% Not Calculated N/A 74%

204/23-1 14% Not Calculated N/A 36%
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Figure 14 - Well tie for 6004/16-1Z Marjun and associated statistical wavelet 

The derivation of geologically significant horizons was achieved after analysing well ties, regional cross 

sections and the biostratigraphic data.  Key seismic horizons for the Marjun geological model included The Top 

T10 Sandstone and Base Tertiary which also marks the base of the Sullom Formation.  These were interpreted 

across the study area and delineated the top and base of the Marjun geomodel. Faults were interpreted in detail 

across the study area. Overburden surfaces were taken from F018 regional interpretation and Table 4 summaries 

the key horizons and how they are implemented in both velocity modelling and geomodelling.  

 

Table 4: Table summarises key stratigraphic units and how they are acquired and uses within velocity modelling 

and geomodelling. See Figure 15 for stated surfaces. 

Key Surfaces Seismic Interpretation Depth Conversion layers Geomodel Zones

Seabed F018 Regional Interpretation Base of layer 1 N/A

Top Balder F018 Regional Interpretation Base of layer 2 N/A

Base Flett F018 Regional Interpretation Base of layer 3 N/A

Top Vaila F018 Regional Interpretation Base of layer 4 N/A

T10 Sullom Sst Detailed seismic Interpretation on reprocessed seismic Base of layer 5 Top of Geomodel (Top Zone 3)

Top Intra-shale Isopach from Top T10 Sullom Sandstone N/A Top of Zone 2

Base Intra-shale Isopach from Top T10 Sullom Sandstone N/A Top of Zone 1

Base Tertiary Detailed seismic Interpretation on reprocessed seismic Base of layer 6 Base of Geomodel (Base Zone 1)
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Figure 15 ï Top Left: Depth structure map of the Top T10 Sullom Sandstone displaying transect A and B. A: 

dip line through 204/16-1 showing synthetic seismogram, reservoir interval and major east west trending faults. 

B: Intersection through both Marjun wells showing key horizons used for velocity and static modelling 
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4.4.1 Depth Conversion 
 

The velocity model was segmented into layers based on changes in velocity and density. The layered model 

included the following regional horizons: Top Seabed, Top Balder, Base Flett, Top Vaila, Top T10 Sullom 

Sandstone and Base Tertiary (Figure 16).  

 

Figure 16: Intersection through both Marjun wells showing key horizons used for velocity modelling 

All surfaces were depth converted using the DIX converted migration velocities.  Seismic velocities were tied 

using well velocities and the final depth converted surfaces tied to their formation tops at both 6004/16-1Z and 

204/16-1. Figure 17 compares the time and depth structure maps using this velocity modelling approach. 

It is evident when the horizon is converted from time to depth the saddle between 6004/16-1Z and 204/16-1 

becomes more prominent, generating two separate anticlinal structures as opposed to one.  Figure 17 highlights 

the inferred OWC at -4197 m TVDSS, where the lack of updip trap closure between 6004/16-1Z and 204/16-1 

becomes evident.  
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Figure 17: Top T10 Sullom Sandstone time and depth structure maps 

4.4.2 Seismic Features 
 

As documented in F018_Relinquishment_Report_July_2016.pdf., there are modern day submarine fans found 

on the seabed. This series of fans cover an area of nearly 500 km
2
 fed through slope channels running parallel to 

the slope.  These fans are considered a good analogue for sandstones deposited during Sullom times and have 

been used to condition facies distributions in geological modelling (Figure 18). 
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Figure 18: 3D image of the seabed (twt), of the reprocessed seismic dataset illustrating a range of 

geomorphological features including submarine fans and extensional faults. 

Important features identified on the seismic in the Marjun area include evidence of extensive magmatic activity 

including sill intrusions, sub vertical dykes, fluid escape features and pockmarks at Balder level which are 

summarised in Figure 19. Not only do these features have significant impact on seismic interpretation they also 

add complexity to Marjunôs petroleum story. Hydrothermal fluids can have a large effect on the reservoir quality 

and sill tip intrusions below the reservoir, can help to form the anticlinal trap found at Marjun.   
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Figure 19: Seismic intersection showing clear evidence of extensive igneous activity in the region in and around 

Marjun. The depth structure highlights the location of the seismic intersection in relation to Marjun. 

4.5 Local Structural Setting 
 

Locally the Judd Basin, a  Palaeocene depocentre is flanked to the east by the Judd and Westray basement highs 

and to the west by the Sjurdur Ridge (Figure 20).  The prevailing structure in the Paleocene is dominated by a 

broad arch plunging to the northwest which was formed by a combination Miocene compressional events and 

underlying volcanic intrusions.  The Palaeocene is characterised by a number of east west extensional faults 

formed during localised rifting, structures are limited to 3 and 4 way fault bound closures.  Volcanic intrusions 

heavily affect the T10 Sullom sandstone interval with increasing intensity towards the north west of Marjun. 
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Figure 20 - Top T10 Sullom Sandstone twt map illustrating local tectonic setting 

4.6 6004/16-1Z AVO Modelling 
 

One of the licence commitments for F019 was to complete an AVO analysis and fluid substitution to determine 

if the T10 Sullom Sandstone Member at Marjun could show an AVO response.  For a generalised rock physics 

method summary see F018_Relinquishment_Report_July_2016.pdf.  

1D synthetic gathers were generated for well 6004/16-1Z, to assess any potential of modelling AVO responses 

in the T10 sands of the Sullom Formation.  Porosities average about 12% across the sand package in the T10.  

The synthetic angle gathers use only the in situ logs to model the potential response of hydrocarbons.  The 

modelled gathers within the T10 sand for this well are flat indicating no AVO response, which is also observed 

in both the legacy and newly reprocessed data set where no AVO or amplitude anomalies are present (Figure 

21).  It is therefore concluded that the Top T10 reservoir sands at Marjun do not show an AVO response, 

primarily because of the low porosity. 
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Figure 21 - Synthetic Gathers For Well 6004/16-1Z 
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5 Marjun Static Modelling  
 

5.1 Static Modelling Approach 
 

The Marjun geomodel is built following a set methodology (Figure 22) beginning with quality control checking 

faults interpreted from seismic. With this structural framework in place, a top, middle and bottom skeleton grid 

can be attached to the faults. Once this framework is built it is possible to start to apply seismic interpreted 

surfaces, divide the model into zones which can then be broken down further into layers. It is then possible to 

populate the 3D grid with different petrophysical parameters like facies, porosity or water saturation to compute 

final in place volumes.  

 

Figure 22: Schematic of the static modelling workflow  

Three geological scenarios have been constructed for Marjun to assess uncertainty around the updip trap extent, 

the largest factor affecting field extent. Each deterministic scenario examines a different geological idea and 

each of these scenarios has then undergone a complete stochastic uncertainty analysis. Scenario 1 is considered 

to be the most viable scenario and therefore the most likely. 

5.2 Structure 
 

5.2.1 Structural Modelling 
 

A total of 31 faults were mapped for static modelling from seismic interpretation. Edge detection and 

dip/azimuth seismic attributes were used to guide the fault pillars into the correct location.  

The modelled region was cropped from the original seismic interpretation to speed up model run time (Figure 

23). The cropped region allows enough space to include 204/16-1 well but also to incorporate three separate 

updip trap scenarios and totals 190 km
2
. The model is divided into grid cells which have a 200 m x 200 m grid 

size. The model is rotated so that the model azimuth was orientated with the E-W striking faults (Figure 23).  

An average thickness of 0.8 m helped to capture thin heterogeneous layers as well as capturing thin cement 

doggers, a non-net component of the reservoir (Figure 27). Marjun sits in the distal section of the submarine 

lobe and often sands can become very thin and heterogeneous, hence, finer layering can help to capture these 

key features within the model. 
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Figure 23: Marjun model showing 200 x 200 m mid skeleton grid populated with faults. 

5.3 Reservoir 
 

5.3.1 Zonation and Layering 
 

The geomodel has been constructed with three zones within the Sullom Formation based on an intra-reservoir 

well log correlation of the Marjun wells and the nearby offset wells.  The three zones comprise an upper 

sandstone zone (3), an intra shale layer (2) and a lower sandstone zone (1) (Figure 24). 

 

Figure 24: Intersection through geomodel showing three zones 

The intra-shale documented in 6004/16-1Z (Figure 12) has been correlated at neighbouring wells (Figure 25). 

Below the semi-regional intra-shale layer (Zone 1) log character at the Marjun and Marjun Appraisal well are 

very similar showing very spiky, heterogeneous lower GR readings. Core porosity and permeability cross plot 

data from Zone 1 at 6004/16-1Z and 204/22-2Z form a grouped cloud (Figure 26 (shaded orange)). As no sand 
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is present in well 204/21-1 (Table 5) it is possible to infer Zone 1 sands are sourced from the eastern edge of the 

Judd High and correlate with those penetrated in well 204/22-2Z. 6004/16-1Z and 204/16-1 share similar log 

character as they are interpreted to penetrate the same fan lobe (Figure 25A).  

Above the semi-regional intra-shale layer (Zone 3) 6004/16-1Z and 204/21-1 share a similar log character, 

showing three clear sand pulses (Figure 25). These three sand pulses are absent from 204/22-2Z and partially 

present in the Marjun Appraisal well.  Core poro/perm cross plots from 204/16-1 (Zone 3) form a separate group 

from that of the data in Zone 1 (Figure 26). This in conjunction with little sand being present in  204/22-2Z at 

this level (Table 5), indicates the sediment is being sourced from the western edge of the Judd High at 204/21-1. 

While submarine fans are active on the western edge of the Judd High, fans are not active on the eastern edge 

and hence, background shale is deposited as shown in 204/22-2Z.  Unlike in Zone 1, the sands  in 6004/16-1Z 

and 204/16-1 in Zone 3 are not derived from the same fan lobe. 
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Figure 25: A T10 Sullom sandstone intra-reservoir well log correlation. A, B and C show schematics of the 

gross depositional environment for each zone.  
































































