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The Clair Field

Largest known resource in the UKCS, with an
estimated 7-8 Billion BOE in place

Fractured Devonian-Carboniferous sandstones
(Clair Group) that overlie an up-faulted ridge of
fractured Precambrian metamorphic basement

Significant proportion of hydrocarbons are
stored within fractures

A greater understanding of fracture systems is
required

Also need to better understand Devonian-
Basement unconformity

Regional
stratigraphic

Top Basement Map
Courtesy of Shell

Phase 1

Graben

correlation.
After Barr et al.
(2007), Johnston
(1995) and Stoker

et al. (1993)

Cross section through the Clair
Field. After Barr et al. 2007 and
Ogilvie et al. 2015)




Regional Context

Clair Basin developed during the Mid-
Devonian to Early Carboniferous in NE/SW
trending half graben

The extensional Orcadian Basin has long
been used as the classic analogue for the

Clair Field..BUT...

...alternatives exist in Shetland — these are
thought to be transtensional (e.g. Serrane
1992, Dewey & Strachan, 2003)
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Regional Context

Foulais closest onshore analogue ~70km

Relatively poorly studied, despite its proximity

Comprises Middle (?) Devonian Sediments and
Precambrian basement

Correlated regionally both onshore and offshore
based on lacustrine facies and palynology
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General Geology of Foula

Foula part of a long lived NE/SW trending R

I

basement structural high: Foula Ridge e
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1600m of Middle Devonian clastics, s
unconformable & faulted against a ~1km :m,.
wide strip of Precambrian basement

Asymmetric NNE-SSW half graben

Basement and Devonian highly fractured

After Andrews
(1985).
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Map of gravity.
Positive = red
Negative = blue

Stoker etal. (1993). LerSlan




L] i Approach:
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Basement Geology &

age| Formation | B@SEMeENt may correlate with either
' Moine or Dalradian of Shetland

Amphibolite facies pelites,
psammites, mafics and microgranite
sills and dykes

Pervasive pegmatitic/granitic veining
and Ruscar Head Microgranite

Pre-Middle Devonian as granite
clasts in sedimentary breccias
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Basement Structures

Foliation subtly folded, W through to SW -( -

et e
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N/S to NNW/SSE, E dipping normal faults

» With associated epidote alteration, iron staining and
guartz mineralisation

Low angle detachments and thrusts
* N/S to NNW/SSE with dextral shear sense

Discrete N/S fracture zones/corridors and shear
zones
» Vertical/sub vertical, rare dextral strike slip indicators
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Basement/Cover

Formation




In south 3-5m zone of sheared
basal conglomerate

Bedding sub parallel to SW
dipping unconformity surface

Unconformity -// faults. Long axis
of clasts parallel to fabric.

Asymmetric boudinage of clasts

Small syn-sedimentary NE
dipping normal faults




M Formation

Small quarry where 15m wide fault
zone juxtaposes sst of Da Ness Fm
with sst/sltst of Soberlie Fm

Steep N/S normal faults + tensile
fractures, tension gashes and small
open fractures - rare Qtz fills

Shale-rich units foliated close to
faults

Development of 1-2cm thick clay rich
fault gouge and crackle/crush
brecciain HW of main fault, with
clasts of ~0.5mm




Formation

In North, W dipping normal
fault

FW-foliated basement with
abundant granite sheets

HW-Interbedded sand and
siltstones of Da Ness Fm

~100m throw

20-30cm folded /mullioned
microbreccia below fault

Localised folding of both
basement foliation and
devonian bedding

* Local cleavage development

e Curvilinear minor folds
generally plunging S to SSW

Curviplanar N/S to NNW/SSE
faults and fracture corridors:
‘folded geometry’

Beta axes of folded bedding,
foliation and curviplanar
faults all sub-parallel
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Devonlan Stratlgraphy

Basal conglomerate/breccia
derived from NE

Fluvial/alluvial environment with
frequent flooding and development
of lacustrine facies

| Thinning of Soberlie Fm. from

| 400m in HW in the NW to 35m in
FW to the SE and 650m to 220m in
the Sneug Fm

Da Ness

Soft-sediment deformation
widespread in lower sequence

__IBloberburn Fm lacustrine facies is
—regional marker

Palynology: L. Eifilian to Givetian

Changmg temporal palaeocurrents




Devonian Structures

NE/SW deformation bands and fractures

N/S trending normal faults

» Conjugate sets of def. bands/ fractures, increase in
frequency with proximity to meso scale faults

* No. of faults increases with proximity to the East.

N/S and E/W discrete fracture corridors
e Sub-vertical, limited normal offsets. En-echelon.

Overall polymodal fracturing
* no clear cross cutting/abutting relationships.
» Distributed small offsets

 Spectacular pavements of fractures will be used
for topology analysis of polymodal fracture sets

No mineralisation and rare slickenlines
(D, 5 D e § AR, WA




Devonian Structures

Field data
Broad open folds

 Gently open Sto SSW plunging syncline
* Smaller scale broadly open folds
« Data missing from W limb due to inaccessibility VOM and

field data

Projection
Foula
Sandstone
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Walls Group
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Summary

Main structures:

NE/SW faults + deformation bands

N/S dip slip to oblique slip normal faults and
fracture corridors in basement and cover

NE/SW to E/W mostly strike slip faults and
discrete fracture corridors with limited
offset

Little mineralisation or fracture fills

SSW to SW plunging folds in basement and
cover, which open upwards

Faulting and folding synchronous

Syn-sedimentary faulting/folding related to
constrictional strain during transtension

Venkat-Ramani &
Tikoff (2002)
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Fold hinges consistent with sinistral
transtension along WBF in Mid. Devonian

Related examples in Norway and Shetland
(Dewey and Strachan, 2003)

Laboratory examples (Venkat-Ramani &
Tikoff, 2002)

Foula
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Conclusions

1600m of gently folded Middle Devonian clastic
sediments, unconformable and faulted against
Precambrian basement high

Accumulated in ~NNE-SSW asymmetric half graben
undergoing constrictional extension due to sinistral
transtension along the WBF.

Similar to structures observed in Shetland as per Seranne
(1992). Scooped/Spoon shaped Devonian basins.

Limited later dextral reactivation of structures during the
Permo-Carboniferous as seen in Shetland and Orkney.

Long lived Caledonian structures related
to closure of lapetus controlling later reactivation Dewey en

Strachan(1993).

Some similarities to structures reported in the
Clair Field (Barr et al., 2007 and Coney et al., 1993)

Alternative onshore analogue for the early
development of the Clair Basin?
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Future Work

Further Fieldwork:

Foula and Shetland (Walls Peninsula, Lerwick, Bressay and Noss, SE Shetland) Summer
2017

Fair Isle/Orkney ~ 2017/2018 ??
Return visits if required for further data acquisition using Lidar/Photogrammetry/Drone.

Analyse data collected from the rest of Shetland:

Dating of mineralisation associated with ‘Steep Belt’ deformation on Bressay and in SE
Shetland

Analysis of structures and development of the Walls Basin/West Fair Isle Basin
Examination of bathymetric surveys

Reprocessing and reinterpretation of nearby seismic from the West Fair Isle Basin to
link outcrop to seismic scale features and tie structures south through Orkney and into
the Moray Firth..

Heavy mineral analysis and provenance work on the Foula and Melby Sandstones..
Microstructural analysis of fault rocks

Topology analysis of outcrops, outcrop models and lineament analyses to assess
connectivity and permeability of fracture networks at multiple scales

Examination of related offshore cores and characterisation of fracture networks.
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