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Abstract

An investigative study into the East Shetland Platform, part of the mature UK Continental Shelf petroleum province with a focus on
geochemistry. The platform bounds the Viking Graben to the west. It was a high throughout most of the Mesozoic, having been affected by
Variscan deformation. A thin veneer of recent Tertiary sediment cover is found. The platform is significant for clastic sediment routed through
incised valleys and channels on it, into the adjoining basin. Unlike the basin, there remains considerable scope for further exploration on
marginal areas such as the platform. The dataset consisted primarily of geochemical reports of highly biodegraded oils, dating back to 1977 of
wells drilled in the area. The aim of the study was to determine a link between oils found on the platform and basin based Kimmeridge Clay
Formation source rocks. This was done through evaluation of the biomarker data embedded in gas chromatogram and mass spectroscopy data
where available in the dataset. Isoprenoids such as pristane and phytane, and terpanes such as gammacerane provided the best indicators of
both source maturity and environment. Existing stratigraphic templates were adapted and applied to the raw data to further constrain outputs.
The results confirmed the decrease in oil maturity further inbound of the platform, while demonstrating the ability of distal Kimmeridge shales
to charge over long distances onto reservoir units on the platform. High well coverage in the area is conducive to 3D petroleum systems
modelling in future investigations. Application of statistical tests on biomarker variability posited a possible link between contamination and
the observed standard deviation in the measurements. This raises a possible avenue of further research into the effects of drilling on the natural
biomarker signature in mature petroleum provinces.
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HESIER Overview

* The report is an overview of the petroleum prospectivity of the East
Shetland Platform of the UKCS.

* There is a particular emphasis on an examination of the geochemistry.

e Target area is part of mature petroleum province.
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Regional history
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Stratigraphy
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Exploration history
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SUMMARY OF DATA

Blocks 16 (example — 3/28-1, 9/14B-1, etc.)
Fields 9 (example — Bressay, Mariner, etc.)

Wells 39

Geochemistry reports 42 (compiled by Fugro, Robertsons, et al. )
Composite logs 39

Specialised reports 52 (includes brine analyses for example)
Oil analyses 17
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 Study aims to provide evidence in support of further exploration of
previously peripheral areas of a mature petroleum province.

* Conduct a literature review to gain an understanding of the regional
geological context.

* Index the dataset for Gas Chromatogram (GC) and Gas
Chromatogram-Mass Spectrometry (GC-MS) data.

* Reconstruct GC and generate biomarker plots using data.

* Analyse for environmental and maturity information pertaining to
oils.
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* Hopane found distributed in nearly all organic matter.

* Observe varying amounts of bisnorhopane in North Sea crudes.
* Bisnorhopane levels decrease with increasing maturity.

* |soprenoids pristane and phytane are key biomarkers.

* m/z 191 is the key fragmentogram used for the report.

|22
29 . .
Fig 6: Bisnorhopane molecular structure. (From
missing 28, 30 positions  summons.mit.edu)
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Fig 7: Sample GC from dataset well report demonstrating large
baseline drift prevalent.
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Biomarker analysis

Difference in output through application of stratigraphic templates

Environmental biomarkers 3/28-1
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Fig 10: Biomarker radar plot demonstrating range of oils

sampled.

Fig 11: Application of a different template causes some trends
to become more apparent, though outliers are lost.
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A statistical examination

* Standard deviation Box plot for data variability using Pr/Ph ratio
insufficient for )
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Implications & Uncertainties

* Manipulation of dataset to condense data and to extrapolate gaps
increases inherent uncertainty in analysis.

* Various source authors of well reports can lead to incompatibility due
to proprietary standards.

* Many techniques have greatly improved with time or are recent

developments.



Y
er

The Universit
of Manchest

MANCHESTER Conclusions & Recommendations

* Biodegradation observed in majority of dataset wells.

* Alkane evidence for bacterial influence as well as synthetic
contaminants such as oil based muds (XP-07).

* Matching biomarker fingerprints indicates platform reservoirs able to
be charged from basinward mature Kimmeridge Clay Fm.

* Maturity trend seen to decrease away from graben source, however
sporadic evidence of localised source inconclusive for Devonian play.

e Potential for future studies of transport pathways into platform and
further statistical examination to ascertain what effect drilling has on

natural geochemical signatures.
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Fig 14: Elevated value for Montrose Gp as highlighted in raw data
table.
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Maturity indicators Fig 15: Example of raw data biomarker
_ .. radar plot. Extremely difficult to identify
—= | trends without application of

—== | stratigraphic templates.
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