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Evidence of an working hydrocarbon 
system



Introduction

Project Aims 

• This project, prepared for the Oil and 
Gas Authority (OGA) aims to test the 
presence of previously poorly 
understood hydrocarbon source rocks 
of the Mid North Sea High (MNSH) , by 
detecting sea surface slicks identified 
using satellite imagery.

• The project aims to present the 
locations of these sea surface slicks, 
and identify any trends present in their 
distributions.

• The datasets are presented in a ArcGIS 
project containing key relevant E&P 
datasets, ready for correlation with 
seismic interpretations from the OGA’s 
seismic campaign over the MNSH 
province



The technologic principle
• Relatively small volume of oil spreads over a comparatively 

large area of sea surface.

• Oil slick smoother than surrounding sea surface
• More sunlight (or microwave radiation in the case of RADAR) reflects off of the slick 

in the same direction (away from satellite)
• Rougher sea surface backscatters more radiation in the direction of the satellite.

• Significantly influenced by wind conditions.
• Zero wind: the sea surface and oil slick reflect sunlight in same direction so both 

appear very dark
• Strong wind: surface oils dissipated by waves
• Slight wind: sea surface rough but slick surface smooth

• Persistent surface slicks (i.e. those appearing on many 
images spread over many dates) can be indicative of a 
working subsurface hydrocarbon system.

• Separating anthropogenic and natural slicks is a major 
challenge that can be addressed by comparison with 
features interpreted from seismic cross sections.

.

Dissipation 
by waves

Barcelona, May 2013. Calm sea 
reflects little light towards satellite; 
Mediterranean appears dark

Offshore Barcelona, Aug 2003. 
slightly rougher sea is brighter 
and highlights darker slick.  
Slick dissipating on leeward side 
due to wave action



The technologic principle - Below The Sea 
Surface

Seismic Example courtesy Spectrum (Western Mediterranean)

• Subsurface Migration from 
hydrocarbon source to seafloor 
does not only exist vertically, it is 
common for hydrocarbons to travel 
up dip for large distances, as long 
as a persistent regional seal is 
present

• If a hydrocarbon generating source 
rock exists below the seal, 
hydrocarbons will migrate against it 
until they reach a fault or the edge 
of the sealing unit.

• Where this does occur, slicks are 
often observed in large numbers 
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Methodology – Satellite Image Platform
• Satellite platform used- Optical, Landsat series (4, 5, 

7, 8).  Large Landsat8 archive now available.

• Largest spatial and temporal coverage of any 
satellite dataset

• Over 200 images interpreted in final study. each 
image tile ~200km X 200km 

• Coarser resolution than a typical radar scene; but as 
key slicks are generally over tens of meters in size 
this factor is not a serious limitation

Landsat 8 Satellite
Launched Feb 2013



Methodology – Image Screening 
• In total in excess of 2000 images have been screened for cloud cover and suitability for inclusion 

within the project, with around 200 images downloaded and subjected to full analysis

• No advantage in processing imagery- Band 8 (panchromatic) used for interpretation

• All visible sea surface slicks in the imagery were then identified, analysed and stored in the GIS 
database.  

• The study has not collected sea surface slicks that are obviously associated with passing vessel 
traffic or offshore infrastructure, and has cross- referenced slick clusters with known shipwrecks

Vessel Tracking Heat Map Supplied By MarineTraffic.com



Results 

The team have identified over 100 slicks in 
the area of investigation.

These have been grouped into 4 main slick 
classes based on geographical and 
geological setting.

• Class 1 - Central Graben/Moray Firth

• Class 2 - Forth Approaches basin Cluster

• Class 3 - Central Mid North Sea High

• Class 4 - Southern Gas Basin



Analysis – Gravity Data
Initial Free Air regional gravity map shows 
some correlation to the slick patterns-
however resolution is limiting. 

• Relatively poor correlation with regional 
gravity models (both Free Air and 
Bouguer)

• Interesting to note the small gravity low 
in close proximity with class 2 slick 
cluster (the Forth Approaches basin)



Analysis - Fault Data
Many slicks fall in close proximity to major 
faults.

• Majority of class one slicks conform well 
with major faults, and are associated 
with pre-existing hydrocarbon plays.

• Classes 2 and 3 are not generally 
associated with major faulting (with one 
or two exceptions)

• Class 4 slick clusters sometimes 
associated with major faults – and close 
to gas condensate discoveries in SGB.  
Local seal breaches?



Focus - Class 2 Slicks 
• Located within the Forth Approaches 

basin (Quad 26). 

• 9 slicks identified in images from 7 
separate dates significantly reduce the 
possibility of random pollution events 
associated with vessel traffic

• Shipwreck databases also consulted- no 
correlation (shipwrecks generally much 
closer to shore)

• There is a high likelihood that this 
tight cluster of sea surface slicks is 
the result of naturally occurring oil 
seepage



Focus - Class 2 Slicks 
Slick Comparison with OGA 2D Seismic 

• Slicks cluster observed over a zone of 
high diapirism.

• Also associated  with a local high point of 
the base Zechstein in the Forth 
approaches basin – Base Zechstein  
generally dipping upwards to this area.  
Regionally base Zechstein flattens before 
dipping again towards Central North Sea. 

• Gas pockets, migrating gas and possibly 
pockmarks at the sea floor are all clearly 
visible above the Zechstien Diapirs in this 
location.  Observing strong DHIs in 
seismic data at this location adds 
confidence that these slicks are a result 
of natural seepage.

Slicks Cluster



Focus - Class 2 Slicks 
• Potential H/C sources interval below 

Zechstein in the Forth Approaches

• Carboniferous: Dinantian (Visean)  Oil 
shales.

• Dinatian coal measures encountered by nearby 
well 26/7-1; - over 1km of coal measures of 
midland valley affinity.

• Oil discoveries onshore in the Scottish midland 
valley in and around Edinburgh.

• Midland valley coal measures are known to 
seep onshore

• Possible that this play stretches into the 
Forth Approaches Basin.

• Lwr Devonian Lacustrine source
• Some distance from nearest Lwr Devonian 

sourced discovery
• But the nearby well 26/12-1 also penetrated lwr

Devonian sediments



Class 3 Slicks 
• Located within the central area of the Mid North 

Sea High

• Clusters of slicks within this zone took our interest, 
and have subsequently been examined against 
OGA seismic datasets.

• Vessel traffic in this area is higher than average for 
the North Sea, but the slick distributions do not 
present a linear trend that might be expected if 
shipping were to be the primary cause of the slicks

• A lack of seeps have been identified within quads 
37 and 38 was unexpected –The Zechstein is 
thicker here.

• Slicks cluster in Quad 35 used in key case study 
A, 

A



Class 3 Slicks 

• Cluster of slicks is found at up-dip termination of Zechstein halite facies 

• Clear indication that a hydrocarbon source is present below the halite seal

• Migration below the halite facies could travel significant distance.

Slicks Cluster “A”SW NE



Class 3 Slicks 

• Case Study A

• Few wells drilled in the area.  

• Of those that have been, two in the 
adjacent quad 036 also encountered 
Dinantian (Scremerston, also Visean
age) coal measures

• A similar play to that described in the 
Forth Approaches

• Dinantian / Lwr Carboniferous also 
encountered further south, providing a 
hydrocarbon source for the Breagh gas 
discovery. 

• Potential for the Dinantian coals to be 
present across the MNSH

A



Lwr Carboniferous prospectivity

SNS2D-13

W E

40 km2

Spectrum Survey SNS2D-13, East of Breagh.
Well-imaged structural closure in time preserved in depth
Prospects such as this could be charged by Lwr Carboniferous H/C source.



Conclusions

This study aimed to test the presence of previously poorly understood hydrocarbon 
source rocks of the Mid North Sea High.  

A total of 107 sea surface slicks have been identified, some with high likelihood that they 
are associated with natural hydrocarbon seepage.

These were presented in ArcGIS alongside relevant E&P datasets to compare with 
OGA’s seismic data. 

A tight cluster of repeating slicks in quad 26 indicate the presence of a hydrocarbon 
source rock that is (or has been) mature for oil generation.  This cluster is some distance 
from the oil producing plays of the central graben.  It is proposed that the source of the 
hydrocarbons is from the Dinantian oil shales, as encountered in the Scottish Midland 
basin, around 100km southwest.

Slick clusters over the central MNSH can also be associated with a hydrocarbon source 
beneath the Zechstein, likely also to be of Dinantian age 



Further Questions and Contact Details

Peter Browning – Stamp

Peter.Browning-Stamp@Pann-Ex.com

Tel; +44 7801418204 

For further questions regarding this study please contact the Authors; 

Phillip Hargreaves

phillip.hargreaves@spectrumgeo.com

Tel; +44 1483742639

The team would like to thank the OGA for the opportunity to 
participate in the competition
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