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Summary

This report detailshe stratigraphy and palaeogeographipetonian and Carboniferouscks of
the UK Central North Sea for the 21CXRM Palaeozoic projdw.21CXRM Palaeozoiproject
results are delivered as a series of reports and digital datasets for each area.

This rert describeshe stratigraphical correlatioof Devonian and Carboniferous strata south
of, and overthe Mid North Sea Higl{Quadrants 28l4) using both well and seismidata It
builds on the work ofCameron (1998 and othersanduses lithostratigraphy to understand how
facies vary across the area.major outcomeof this work is the detailed description of the
Cleveland Group the basinal correlative of the Scremerston, Yoredale and Millstone Grit
formations within theffshore extension of théleveland Basin.
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1 Introduction

The aim of the21CXRM Palaeozoic Projees to stimulate exploration of the Devonian and
Carboniferous plays of éhCentral North SeaMid North Sea High, Moray Firth East Orkney

Basin and in the Irish Sea area. The objectives of the project include regional analysis of the
plays and building consistent digital dataseisgd working collaboratively with the OGA, Oi

and Gas UK and industry.

This report describes the stratigraphy and palaeogeography of the Devonian and Carboniferous
stratain Quadrants 2544 of the Mid North Sea High and adjacent areas, and integrates this with
the adjacent onshore areas of the Wil Valley of Scotland and Northern Englamine
correlation panelgSection4) were constructed across the region, tying in selected key wells in
order to erech framework for the Devonian and Carboniferous staathto provide regional

scale seismic tie@=igure1). The geological evolution of the offshore region has been interpreted

in a number of key papers. The Pennsylvanian Bady Permian tectonostratigraphy in
Quadrants 31 and 39 at the southern margin of the Central North Sea was described by Martin et
al. (2002) and the Flora Field in Blocks 31/26a and 31/26¢ by Hayward @08B). South of

the Mid North Sea High, Collinson (2005) interpreted the depositional systems of the
Mississippian and lower Pennsylvanian strata in Quadrant$4341 Offshore, the
lithostratigraphy of the Devonian to Permian rocks to the north of the Mid North Sea High is
described by Cameron (1993and that to the south by Cameron (1993b), Bruce and Stemmerik
(2003) , and Kombr i nk et schéme for tReOupp@rgRnsylM@raame r o n
rocks of Quadrants 444 was modified subsequently by Besly (2005). The Carboniferous
stratigraphyin all of these areas has been summarised by Waters et al. (2011).

The onshore geology tiie Devonian and Carboniferous of the Midland Valley of Scotland and
Northern England has been studied extensively, with succinct modern summaries of the
lithostratigraphy, palaeogeography and tectonic evolution provided by Chadwick et al. (1994),
Browneet al. (1999)Read et al. (2002), Trewin and Thirlwall (2002), Waters and Davies (2006)
and Stone et a(2010) The onshore Devonian and Carboniferous lithostratigraphies have been
revised recently on the basis of the distribution of the predominant lithofacies association
throughout the sequence thus unifying, as far as is practicable, the many regional schemes tha
existed previously (Browne et @003 Waters & Davies, 2008/ aters et al. 2007;Dean et al.

2011 and references therein).

10
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The stratigraphical scheme used in this report is summarised in $®@ared 3and broadly

follows Waters et al. (2011) for th€arboniferousand Cameron et a(1993a, b) for the
Devonian. Though there are differences between the nomenclature used onshore and offshore,
the formation names in the latter are used througthisirepat. Figure 4 shows the correlation

with the Dutch and Danisstratigraphy.

A few important amendments to the offshore stratigraphy result from the presendMaestk
significantis the recognition in Quadrantsi4¥ of the basinal equivalents of thell Sandstone,
ScremerstomandYoredale formations within theffshoreCleveland BasinThe term Cleveland
Group is used for this sequence, extending its previous use in the lower part of the Seal Sands
Borehole (Johnson et al. 2011). The Cleveland Giedefined and described 8ection3.5.

The presence of higgamma mudrocks in the upper part of the group suggests a correlation with
the BowlandShale Formation of the BowlaridHodder unit of the Craven BasiAr{drews
2013;Slowakiewicz et al. 2015).

12
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2 Devonian Strata

In Quadrants30, 37 and 38 composite logs showvells thatpenet rat e oO0Devoni
However these stramommonly fail to provide biostratigraphial information andthey are

difficult to differentiate fromPermian(Rotliegend)strata inthe wells. Identification in wells

typically relies on interpretation of the porosity and sonic properties from wireline logs and
identifying theposition of thevariscan unconformityrom theseismicdata

2.1 KYLE GROUP
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Figure 5. Map showing the dstribution of wells where the Kyle Group has been
interpreted, and selected logs fromkey wells that illustrate the principal variation in
wireline log signature (gamma and sonic logs) and lithology ohé unit.

Name

The oldest Devonian strapsovedin wellsin Quadrants 30, 37 and 8&stof the Mid North Sea

High. These rocksare assignedo the Kyle Group The name was introduced yameron
(1993) .

Geographical extent

The Kyle Groupis provedin wells on the Auk Ridge and on the DoggeGranite High It
generates distinct seismic reflectawhich can be correlated over large areas southeast of
the Mid North Sea HigKkArsenikos et al. this study)

Lithology

The Kyle Group is characterised by limestamats separated bghale and sabkha facies. Two
limestone units are seen in well 30/1% The limestoneis dominantly bioclasticcontaning
tabulate and rugose corals, ostracods, brachiopods, bivalves, gastropods and (bMensiazl|
and Hewett 2003 In 38/03- 1 the groupis at least 119 m thickyhereasn well 37/12 1 it is at
least183 m thick.
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Key Wells

The conformable top contacts of the Kyle Group are seemells 38/03 1, 30/24 3. The
successionare dated by miospores in those wells. The base of Kyle Grogumvedonly in
well 30/165.

Lower boundary

The base of the Kyl&roup in well 30/165 rests unconfornably on deformed Palaeozoic
basemen{Marshall and Hewett, 2003 rewin and Bramwell, 1991 Seismic and well evidence
suggests the Kyle Group is underlain by basement or granite on highs and Lower Devonian
sedimenrdry rocks within basins.

Upper boundary

The top of the KyleGroupis conformable withthe base of theoverlying Buchan Formation
(Marshall and Hewét 2003 Cameron, 1999. The boundary is takeat the top of the first
siltstone underneath tlitkeepessandstone of the Buchan Formation.

Age

The Kyle Groupis dated as Middle Devonidsivetian) based on palynology and macrofossils
(Bangalet al 1978).

Correlation withonshore UK

The Kyle Grouphas noequivalent in the adjacenhshorearea asthere the midle Devonian is
missing.
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2.2 BUCHAN FORMATION
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Figure 6 Map showing the distribution of wells where theBuchan Formation has been
interpreted, and profiles of the key wellsthat illustrate the principal variation in wireline
log signature (gamma and sonic logs) and lithology of the unit.

Name

The Buchan Formation was defined by Cameron (1993a) for a sandstoimated unit of Late
Devonian age that is thought to represent bpdédh and alluvialplain environmentgMarshall
and Hewett 2003

Geographical extent

The formation is seen in wells on the Auk Ridgeed in the Forth Approaches, on the northern
edge of the Mid North Sedigh. It is known to extend north to the Orcadian Basi(Marshall
and Hewet003.

Lithology

The Buchan Formation is largely mmposed ofreddish brown,fine- to mediumgrained
sandstonge interbedded with thin beds of siltstoremd mudstone(Cameron 1993a) The
successiorshows an increasg gamma responseith depth(e.g. well 38/03 1) related to an
increase in silt and mudontent. The wireline log signatures lack the cyclicity seen in the
Carboniferous successions.
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Key Wells

The conformable basal contact of the Buchan Formasi®eenin wells 38/03 1, 30/24 3,
where it overlies the Kyle Group. The conformable uppentaty is only seen in well 37/1Q
in the Central North Sea.

Lower boundary

The base of théormation is conformable with the top of the Kyle Grqiarshall and Hewett
2003 Cameron1993a) In well 38/03 1 the boundary is taken at tladrupt change frorsilty
sandtoneto limestone

Upper boundary

The upperboundary of thdormation gradginto the Tayport Formation in well 37/10. The
top of the formation is taken #he top of the succession beneatlosv sonic velocity unit
corresponding to 361 sandstonat the basef the Tayport Formatiann well 3803- 1 there is a
marked change in the character of $baic log signature (Figure 6).

Age

The Buchan Formatiomasoften proved barrerpalynogicallyand there are feweterminations
in Quadrants 284 (Cameron, 1993a)-rasnian and Famennian palynomorpvere reported
from samples from wells 38/6B and 38/29 1 respectively (Marshall and Hewett 2003).
However, farther north, the Buchan Formation has been shown tatspappermostMiddle
DevonianandLower MississippiarfMarshall and Hewe2003.

Correlation with Onshore UK

The onshore equivalent of the Buchan Formatisouthern Scotlant the Stratheden Group.
Correlation with the onshore succession in northern Scotldlhbe exploredmore fullyin the
report on Quadrants33.
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2.3 TAYPORT FORMATION
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Figure 7. Distribution map of the wellsproving the Tayport Formation and a profile of the
key well that illustrates the principal variation in wireline log signature (gamma and sonic
logs) and lithology of the unit.

Name

The name Tayport Formation was introduced @gmeron (1998 for a unit which is
widespread around the Outer Moray Firsitratigraphicallybelow the Firth Coal Formation.
Cameon (1993) suggestdthatthe Tayport Formation extendsuthand easof the Mid North
Sea Highbeneatlthe Cementstone Formation.

Geographical extent

The Tayport Formation igrovedin wells in quadrants 36, 37, 382and44 (Figure7) near the
Dogger GranitdHigh. However, it is known to extend into the Dutch sector and may be present
underneath the Cementstone Formation.

Lithology
Sout of the Mid North Sea High, the Tayport Formation is defined in well@0& the Dutch
sector, wher e edtoredomwndedsgrey dapsone arad siltsthmderspersed

with well developed sandstone bédshe dominant lithology seen the Tayport Formation is
brown and red shaleand mudstone withgrey micarich siltdone It also contains sandstone
bodies between-3 m in thickness which are intevddedwith the shales and siltstoneBhe
presence of ih limestonebeds ha also ben inferred from the wireline logs
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Keywells

Thekeywell is 44/021 which proves the upper contact of the Tayport Formation. It is also seen
in well EO601 in the Dutch sector

Lower boundary

The conformablelower boundary in well 37/14Q is taken athe base of &6 m thick unit with
low sonic velocityinterpreted asandstone.

Upper boundary

The top of the Tayport Formation in 44/02 is taken at the base of a selug spike
corresponding to the lowest detonebed ofthe overlying Cementstone Foriti@n. This is the
only known proving of this boundary south of Mid North Sea high in UK watefie upper
boundaryof the Tayport Formatioiis also seen in the Dutch well EOG, whereit is taken
belowthefirst occurrence of limestone be@¥san AdrichemBoogaeri& Kouwe, 19931997).

Age

The Tayport Formation imferredto be Strunian (uppermost Famennianagein well E06-01
in the Dutch sectofVan Adrichem Boogaer& Kouwe, 19931997. This is based on the
occurrence othe palynomorph$pelaeotriletes lepidophytusnd Raistrickia variabiliswhich
are considered to be StruniahE A Marshall pers. comms.)n 37/101 anearliest Tournaisian
agehas been assigned palynomorphgMcLean 2013)

In the Forth Approaches Basithe Tayport Brmation has been identifigateviouslyin well
26/7- 1 by Cameron (1993) and Bruce and Stemmerik (2003). This ismerpreted ashe Fell
Sandstone Formation based on its mid Holkerian (V3a) to Chadian (V1a) age.

Correlation with Onshore UK

The Tayport Formationcorrelates directly witithe Kinmesswood Formation onshoréhough

none of the thick, hardpan calcrete horizons that are characteristic of the Kinnesswood
Formation adjacent to the Southern UplafBiowne et al. 1999 seen in the offshore wells

The KimesswoodFormation onshores known to continue in to the Carboniferous in the
Midland Valley of ScotlandBrowne et al. 1999)in Northumberland, dwever, it is believed

that the Kimesswood~ormationmay belatestDevonian in age (Smithson et 2012).
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3 Carboniferous Strata
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been interpreted, and the profile of a key well that illustrates the principal variation in
wireline log signature (gamma and sonic logs) and lithology of the unit.

Name

The term Cementstone g r chaspbéen applied onshore in North&ngland since the 19

century to asuccessiorof alternating mudstone, sandstone, and dolomitic micrite which are

referred to as cementstort@ameron(19933) applied this to a similar succession offshorat th
n Briuce and

lies beneath the Fell Sandstone FormatiGha mer on 6 s
Stemmerik (2003arefollowed in the current study.

Geographical extent

The formation is recorded in wells arousduthernmarginof the Mid North Sea HigliFigure

def i

8). It is also found in the base of well 26/(7in the Forth ApproacheBasin.
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Lithology

The Cementstone Formation is composerkedfbrown and green/grey siltstone and thire- to
coarse-grainedsandstoneswith dolostoneand limestone beds betweenatd 4 m thick. The
gammalog signaturevaries abruptly, alternating between low and high gamma valbes;
thicknessrarely exceed® m, reflecing the thinly interbeded characterThe thickness of the
Cementstone Formation is frobd0to 500 m.

Key well
The conformable top and basal cotgaaf the Cementstone Formatioocurin well 44/02 1.

Lower boundary

The base of the Formation well 44/02 1 is taken at a sondog spike corresponding to the
lowest dolstone bed upon a succession dominated by sandstdies is the only known
penetration of this boundary southtbé Mid North Sea kgh in UK waters but the formations
alsopresenin the Dutch well EO&®1.

Upper boundary

The top of theformation is taken underneath the fitgick sandstone of the FeSandstone
Formation. Onshore this contactiseroson surfacen part but conformable elsewhgjieean et
al. 2011.

Age

The Cementstone Formation is the oldebblly Carboniferousunit within the study areand
has beendatedpalynologically asTournaisianto lower Viseanin age. Its age has beproved
biostratigraphicallyn wells 38/22 1, 41/0% 1, 43/02 1 (Cater et al1967;Mahdi 1992.

Correlation withonshore UK

Theonshore correlatives of ti@ementstoe Formatiorarethe Ballagan and Lynirmatiors of

the Tweed and Northumberland bagWaters, 2011 The LyneFormationhas the more marine
character with limestones1l0 m thick, compared with the Ballagan Formation which typically
contains argillaceous dolostones generally less thantHick Offshore, theterm Cementstone
Formation is used to refer to the aggregate of both onshore units.
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3.2 FELL SANDSTONE FORMA TION
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Figure 9: Map showing the distribution of wells where theFell Sandstone Formation has
beeninterpreted, and theprofile of akey well that illustrates the principal character of the
wireline log signature (gamma and sonicdgs) and lithology of the unit.

Name

The Fell Sandstone Formation has been applied in Northumberland-¢asttiizngland) and
Berwickshire (soutleas Scotland) since the T&entury to ahick unit of predominantly cross
stratified coarsegrainedsandston@verlying the Cementstone Formatidrhe definition of the
Fell Sandstonenithe currentstudyhas not changed in from that @ameron (1998, andBruce
and Stemmerik (2003)

Geographical extent
Theformation is recorded across Quarals 26,37, 38, 40, 41, 42, 43, and 44.

Lithology

The Fell Sandstone Fmation is typically characterised by massive sandstmits up to 50 m
thick, interbeddedvith units up to 20 m thick of siltstone and mudstotre.some wells(e.g.
26/07 1) the succession comprises clean sandstone with only thin intercalationstofheidad
mudstone elsewhere (42/1012) the succession is more heterogeneddistoss the study area,
theformation thickness varies from418 m in 42/10b2 toabout60 m in 41/101.
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Key Well

The conformable top and basal contacts of the $Fatidstone Formation have been observed in
well 42/10b 2.

Lower boundary

The base of the Fell Sandstone Formatiotaken at theabrupt change from thick sandstone
units to interbedded sandstone, mudstone and limestiinéhe underlying Cementstone
Formation.There is a distinct change in wireline log character.

Upper boundary

The top of theformation istaken at the top of the highest thick sandstone unit below a
successiondominatedby alternations ofmudstone sandstone andoal of the Scremersto
Formation.

Age

Palynological evidencdrom wells 41/01 1, 43/021 and 42/15a2 indicatesthat the Fell
Sandstone Formation is Chadian (Pu Biozone) tdesaisbian (TS Biozone)Onshore, lte
base of the Fell Sandstone Formation is diachronougnbeg generally younger toward the
southwest$tone et al. 20100

Correlation withonshore UK
The Fell Sandstone Formation is equivalent to its onshore namesake.

Remarks

The Fell Sandstoneormationis interpreted to be thaepositof a major sandy brdedriver
system (Turner and Munro 1987), formed of stacked mstdtiey channdill sandseparated by
mudstone intervals. The source of the braided river system is from thesasttRobson 1956)
(see Sectiorb.2).

A sandstone body of Holkerian algeneath the Cleveland Groapthe base dhe Kirby
Misperton 1 welhas been interpreted the current studgispossibly the Ashfell Sandstone,
ratherthan the Fell Sandstone. The Ashfell Sandstwops out across much of northern
England ands regarded as thdistal equivalent of the Fell Sandstar& is of a different facies
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3.3 SCREMERSTON AND FIRTH C OAL FORMATION S
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Figure 10: Map showing the distribution of the wells where theScremerston Formation ha
beeninterpreted, and the profile of key wells that illustrate the principal character of the
wireline log signature (gamma and sonic logs) and lithology of the unit.

Name

The historical onshoréerm Scremerston Coal Group wased offshordy LeederandHardman
(1990 for Lower Carboniferoustoal measurdsencountered in the Southern NoSea.The
unit was renamed the Scremerston Formasionth of the MidNorth SeaHigh by Cameron
(1993). Equivalent facies the Forth Approaches Basin are knoamthe Firth Coal Formation
(Cameron1993b)

Geographical extent

The Scremerston Formation is recordemn Quadants37, 38, 39, 40, 41, 42, 43, and 44. It is
likely to be continuous in extent from the Northumberland coast across the Mid North Sea High
and along its soutkastern margin (Cameroh993). The Firth Coal Formation also occurs in

the Forth Approaches Basamd has been proved in wells 26/Q7and 26/081.

Lithology

The Scremerston Formation is identified by the presenceoatrich intervals within a
mudstonedominated sequence, with alternations of sandstone, siltstorsoamathin limestone
or dolasstonebeds. Upward coarsening sequences are sometpresentvithin the upper parts of
the formation, but are less cyclic in nature than the overlying Yoredale Formidimsandstone
units probably include both single and stacked channel Hilsnogeneos dark grey and black
mudstones generate a uniformly high gamloma response. Coals are up tam3thick in
exceptional casg€ameron, 1993).
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South of the MidNorth Sea Highhe thickness of the Scremerston Formation varies across the
study area, fronabout90m in 44/02 1 to approximatel km in 41/10 1. The averagés about
300m. In the Forth Approaches the formatiorbis1l m thick in well 26/7 1 and688m thick in

26/8 1.

Key Wells

The conformable top and basal contacts of the Scremerston Formation have been observed in
wells41/02 1 and 42/10b2.

Lower boundary

The base of the Scremerston Formatiotalen at thechange fromthe mudstone and coal
dominated successionto the dominantlysandstoneunit of the underlying Fell Sandstone
Formation.Near the base ofell 26/8 1 there are several thick sandstones which may, along
with the palynological age zonation, indicate downward transition to thpofafformation
equivalent to the Fell Sandstone in this area

Upper boundary

The top of the Scremerston Formation is picked attdipeof clastic sedimentary succession
beneath thebase of the lowest significant marine limestone bed in the overlyingdslere
Formation In most of the wells the formation is overlain by the Yoredale Formation. However,
in Harton 1 and in neashore wells such as 41/01, the Scremerston Formation is overlain by a
thin development of limestonegth subordinate siltstone drsandston&hich are equated with

the onshore Great Scar Limestone Group.

Age

A late Holkerianto Asbian agdor the Scremerston Formatias provedpalynologically inwell
41/0% 1, but elsewheresouth of the Mid North Sea High it Asbian.The twowells in the Forth
Approaches which penetrate the Scremergiaih Coal Formation have iglded palynomorphs
of Upper Arundian and Holkerian to upp&sbianage(Mclean and Neves, 1988

Correlation withonshore UK

The Scremerston Formation is equivalenthe onshore Scremerston Coal Member of the Tyne
Limestone Formation (Waters, 201Mhe Firth Coal Formation in the Forth Approaches is
equivalent in age to the lower part of the Strathclyde Group in the Midland Valley of Scotland. It
equates with thdluvio-deltaic to marine Sandy Craig, Pittenweem, Anstruther, Fife Ness,
Aberlady and Gullane formations of Fife and the Lothians, and to the dominantly lacustrine and
organicrich West Lothian O#Shale Formation. The coals and mudstones within this tma
represent an important source rock.

Remarks

The Scremerston Formation is interpretedrépresenta range ofdepositional environments
including fluvio-deltaic, lacustrine, wetland and marinduenced baydepositsassociated with
a major deltaic sstem(Leeder and Boldy, 1990Qeeder et al., 1999

The onshorevells Seal Sand& andHarton1, along with the nearby offshore wetl4/08 2 and
41/0% 1 containathick successiomf upperAsbianlimestoneand mudstonenits thatrepresent
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the eastern exterudf the carbonate platform deposits of tBeeat Scar Limestorthat developed

over the Alston and Lake District blocks during the Asbi@dhe palaeogeography of the
Scremerston Formation is described furthe®antion5.3.

3.4 YOREDALE FORMATION
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Figure 11. Map showing the distribution of the wells where theYoredale Formation has
been provedwithin th e study area, and profiles of the key wellsthat illustrate the principal
character of thewireline log signature (gamma and sonicdgs) and lithology of the unit.

Name

The term Yoredale Formation was introduced by Cameron @988 an upper Asbian to
Brigantianand lowe Namurianfluvio-deltaicsuccessiomvith significantlimestonebeds

Geographical extent

The Yoredale Formation is recorded acr@sdants 36, 38, 39, 40, 41, 42, 43, and 44. Its

depositionalextent is likely tohave been continuous fromnorthern Englad across the Mid
North Sea High.
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Lithology

The Yoredale Formation comprisesrepeated successian f 6Yor edadmmenaing c |l e s
with a basal marine limestone, overlain byugnward coarseninguccessiomf marinemudstone

and sandstoneand capped bw seatearthpalaeosol(a grey or whitish clay rock containing
fossilized plant roots and occurring beneath coal spamd coal. Individual limestones are
widespread in occurren@andcan becorrelaedacross the study aregome fining upward cycles

are also presenfthe lower part of the Yoredale Formatitmcally containsthick multi-storey
channel sandstones interpreted to be infijiataeovalleys (Collinson, 20Q5puch distinctive
sandstone urstareencounteredn wells 41/10 1, 42/10b 2 and 43/021, and referred tas the
Whitby Sandstone Member. This unit is distingeston wireline logs by two thiclkunits of
sandstone separated by a mudstone intefla. geometry of these sandstone bodies is not
known: they mayrepresent a very wide, single fluvial channel system, or separate, narrow
channel fills.

Key Wells

The conformable top and basal contacts of the Yoredale Formation haverbegedin the
Harton 1 well. Wells 41/011 and 41/101 display the basal confmiable contact with the
Scremerston Formatiofdarton 1 is the only well to prove the full thickness8@5 m forthe
Yoredale Formationbut across northern England the thickness is known to vary significantly
between the Alston Block and NorthumberlaBdsin (Stone et al. 2010) Offshore, the
preserved thickness is frob®0 mto at least 950 m thick.

Lower boundary

The base of the Yoredale Formation is picked at the base of the Iswesttintialmarine
limestone (equivalentonshore to the Dun Limestom) above the coalch Scremerston
Formation.

Upper boundary

The top of the Yoredale Formation is picked at the top of the highest marine limestone bed at the
base of the Millstone Griformation However, in most wells, the Yoredale Formation is
overlainunconformably by Permian strata. In wells that penetrate the formati@uoadrant39,

the Yoredale Formatiois overlain by the Grensen Formation (wells 39/D2nd 39/071).

Age

The Yoredale Formation is late Asbjaand Brigantian to early Namuriam age,based on
palynologicaldata fromwells 38/25 1, 39/07 1, 41/0% 1, 42/09 1, 43/02 1 and 44/061.

Correlation withonshore UK

The Yoredale Formation is equivalent to sedirmgntrocksin northern England comprising
stacked sequences of Yoredale cycles (Cameroral998s includegheupper part of the Tyne
Limestone Formation (above the Scremerston Coal Mémbad theAlston and Stainmore
formations (Waters et a2007). TheStainnore Formatiordiffers from theAlston Formatiorby
containinggenerally thinnedimestones than those in the Alston Formatsod an increasing
proportion offining-upward parasequencekhe base of the Stainmore Formation is taken at the
base ofa siliciclastic sedimentarynit immediately overlying the Great Limestone. At about
20m, the Great Limestone is the thickest of the Alston Formation limestones. A comparabl
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thick limestone is seen in some wells offsh¢@eay. 44/06 1) and is equated with the €at
Limestone in Figure22. Older northern England terminology of Lower, Middle and Upper
Limestone Groups isusedn Col I i nsonés (2005) i nterpretat
42-44. Comparison of these names with those used in this report isdpdotay Figure 38 of

Stone et al. (2010).

Remarks

Compared with the Scremerston Formation, the Yoredale Formation contains thicker limestones
and the common presence of coarsenipgards parasequences. Though present at outcrop,
typically beneath the limestondahg thincoalswithin the Yoredale Formation are mostly below
wireline logging resolution.

The Yoredale Formatiors a continuation of the deltaic conditions tiha&came establishad
Asbian times with the Scremerston fation. Both formations comprise Yoredale facies, with
the Scremerston Formation representing more landward environrii@etsyclic character of
the Yoredale Formation resulted frdinctuations in sea level formingn extensivecarbonate
shef during high-stands withdeposition of the limestones with subsequent filling of the
accommodation space as the delta systeaxeeted its influencdt is thoughtthatthe sea level
changes were the ffield effect of continental glaciatior(Stone et al 2010 and references
therein).

3.5 CLEVELAND GROUP

The stratigraphical ternCleveland Groupvas introduced by Johnson et al. (2011) for the thick
middle Viseanshalerich successioprovedin Seal Sands Nal well. The use of the term is
expanded in this repotb describethe successiorof rocks that are equivalem ageto the
Scremerstorand Yoredaleformations, but whichdiffer from themin lithofacies(Figure 2 and
Figure 3). Geographically the Cleveland Grouptrataoccur withinthe Cleveland BasinThe
Group is distributed across the southern half of Quadrants 41 to 44Candron (1993a)
thought itlikely that these stratextend south intQuadant 48, 49, 53 and 54 hese rocks are
interpreted to have been deposited basinbeyondthe souther margin ofthe Yoredale delta
front and represerthe distal depositshed off the delta fronthe sandstone and limestone units
may beturbiditic.

The Cleveland Group is tyfied by thick successions dine-grained lithologie®f siltstoneand
mudstoneinterbeddedvith thin units ofsandston@and limestoneThe successiolacks thethick
limestones andharacteristic upwardoarseningparaequencesf the Yoredale Formation, and
the many coals that ar¢ypical of the Scremerston Formatiolm the uppempart of the group a
high-gamma shale unitas been termetie Bowland Shale Formation by Cameron (1998ha&
wireline log characteristicare similar tothe Upper Bowland Shalesen within the Bowland
Hodder unit of the onshore Craven Bagmoviding acritical link with that basin(Andrews,
2013).

Onshore, Upper Bowland Shales is a lasgd term for dark grey mudstone of Pendleian age in
the Craven Basin, but is now subsumed within the Bowland Shale Formation of longer duration.
The Upper Bowland Shes name is used in the Cleveland Basin informally to emphasise the
similarity of l'ithology in the two basins.
confusion with the wider definition of the same term in the Craven Basin.

Though Johnson et a]2011) divided the Cleveland Group in the Seal Sands No. 1 well, the
succession there is incompleted located close to the margin of the basin. By contkadty
Misperton 1lis located towards the centre of the basin and proved a total thickness o arou
1400m for the Cleveland Group; it issedin this reportas the key well for the Cleveland G
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There is significant lateral lithofacies variation in the group and in the infoudhasions
proposedin this report are based on gross characteristicth® units. Thesemay require
adjusmentif more data become available.
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Figure 122 Map showing the distribution of wells where theCleveland Group has been
identified, and the key wellprofile that illustrates the principal variation in wireline log
signature (gamma and sonic logs) and lithology of the uniin support of further unit
subdivision.
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Figure 13: Map showing the distribution of the wells where theUpper Bowland Shales has
been identified within this study, and the profile of the key well that illustrates the
principal variation in wireline log signature (gamma and sonic logs) and lithology of the
unit.

3.5.1 Cleveland Group A

Lithology

Cleveland Group A is characteeid by sandstone and siltstone with thin mudstone and limestone
units. Some upwardoarsening cycles are present (e.g. well 421)6

Lower boundary

The base of Cleveland Group A is encountered in Kirby Misperton 1, where its base is taken at
base of theshale above the sandstone at the base of the well which has been previously assigned
to the Fell Sandstone Formation, but more likely with its more distal correlative, the Ashfell
Sandstone.

Upper boundary

The top of the Cleveland Group A is taken la top of the first sandstone unit encountered
beneath the homogenous mudstone/siltstone succession of the Cleveland Group B.

Age

Palynomorphs from wells 41/14, and Kirby Misperton 1 indicate that Cleveland Group A lies
within the Arundian tddrigantian interval.
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3.5.2 Cleveland Group B
Lithology

Cleveland Group B comprises mudstone and siltstone with sporadic thin units of limestone and
sandstone. The unit is characteristically homogeneous, except in Kirby Misperton 1 which
includes significant saistone and limestone; furthermore there are thin intervals ofgagima
mudstone.

Lower boundary

The base of the Cleveland Group B is taken at the base of siltstone overlying the uppermost
sandstone unit of Cleveland Group A.

Upper boundary

The top ofthe Cleveland Group B is taken below the base of the lowermost sandstone unit in the
overlying Cleveland Group C.

Age

Palynomorph assemblages from wells 41/14and Kirby Misperton 1 indicate an Arundian to
Brigantian age for the Cleveland Group B.

3.5.3 Cleveland Group C
Lithology

In general, Cleveland Group C is composed of mudstone and sandstone, with units of the latter
typically less than 50 m thick. By contrast, in Kirby Misperton 1, Cleveland Group C is
dominated by a continuous mudstone successibercalated with thin beds of limestone and
sandstone. In Quadrant 41 the succession superficially resembles the Yoredale Formation, but
there are fewer limestones and upweodrsening parasequences. These wells may have
penetrated the transition zomerh the Yoredale delta front into the Cleveland Basin.

Lower boundary

The base of the Cleveland Group C is taken at the base of a sandstone/siltstone unit above the
mudstonedominated Cleveland Group B.

Upper boundary

The top of Cleveland Group C isken below the base of the most significant sandstone body
within the overlying Cleveland Group D group.

Age

Palynomorphs from Cleveland Group C in wells 41/1441/24a 2 and Kirby Misperton 1
indicate an Arundian to Brigantiage for the unit
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3.5.4 Cleveland Group D
Lithology

Cleveland Group D is characterised by thick units of sandstone with subordinate interbedded
mudstone, siltstone and some limestone. It is the most sand&tiorad all the Cleveland Group

units. At the top of the unit is a disttive, thin unit comprising sandstone capped by limestone

or calcareous sandstone. The thickness of the unit varies fromib9vell 41/24a2 to 615m in

well 43/17 2.

Lower boundary

The base of Cleveland Group D is taken at the base of the mo#icaignsandstone body
within the group, above the siltstone/mudstoieeninated Cleveland Group C.

Upper boundary

The top of Cleveland Group D is taken at the top of a limestone/calcareous sandstone unit, below
the highgamma mudstone of tHépper BowlandShales In the absence of the upper marker,
particularly in the eastern wells, the formation top is picked at the base of thgamgha
mudstone of th&pper Bowland Shales.

Age

Palynomorphs from Cleveland Group D in wells 41/1441/24a2, 43/17 2, 43/21 2 and
Kirby Misperton 1 indicate a wide age interval from Brigantian to Arnsbergian.

Correlation with onshore UK

The limestone or calcareous sandstone at the top of the unit is known locally onshore as the
Harrogate Roadstone (Andrews, 2013).

3.5.5 Upper Bowland Shales
Name

Theterm Upper Bowland Shales issed informally inthe Cleveland Basin for lower Namurian,
basinal, black mudstones and silty mudstomigls high gamma values

Lithology

The Upper Bowland Shales are characterised by at leastntergal of a very high gamma

values (representing black shales), in an otherwise thick, homogeneous sequence of mudstones
with a sparse interbeds of siltstone, sandstone and dolomitic lime$tenéhickness of the unit

varies from 17m in well 41/15 1 to 136m in Kirby Misperton 1.

Lower boundary

The base of the Upper Bowland Shales is taken above the top of the first limestone or calcareous
sandstone beneath the highmma mudstone.
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Upper boundary

The top of the Upper Bowland Shales is pickethatbase of the lowermost sandstone unit in
Cleveland Group E.

Age

The Upper Bowland Shales are late Brigantian and Pendleian in age, proved palynologically in
wells 41/14 1, 41/24a2, 43/17 2 and Kirby Misperton 1.

Correlation with onshore UK

The Upper Bowland Shales are equivalent to the upper part of the Bowland Shale Formation in
the Craven Basin. The higfamma character is seen in the Bowlartdodder unit of Andrews
(2013) and suggests that a link between the Cleveland and Craven Basins blishedtior the

first time in the Pendleian.

3.5.6 Cleveland Group E
Lithology

Cleveland Group E is defined as a relatively continusucxessiorf siltstones to fingrained
sandstones, witsporadicthin sandstonend limestone bedshat liesstratigraphicély beneath
the Millstone GritFormationand abovethe underlyingUpper Bowland Shale The unit is
105m thick in Kirby Misperton 1 but varies from 88 in well 42/16 1 to 663m in well 43/21-
2 and 1265n in well 43/17 2.

Lower boundary

The base igaken at the base of the most significant siltstensandy siltstonabove thenhigh-
gammamudstonenf the UppemBowland Shals

Upper boundary

The top is takenbelow the base of the most significant sandstone body in the Millstone Grit
Formation.

Age

The Cleveland Group Eontains palynomorphs in wells 41/14 43/17 2 and Kirby Misperton
1 that indicate aPendleian to Alportian agand appears to be diachronotalynological
zonationsn Quadrant 41 and iKirby Misperton lindicate it isPendleiarto Arnsbergan in age
whilstin Quadrant 43 it continues into tiAdportian.
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3.6 MILLSTONE GRIT FORMA TION

- = 55 53 44/17-1
. il
26/08- 1
25 ”
26 27 28 29 30\ | 31
33 I 4300+
34 35 36 37 38 39
Hart.on 1 ® E
41/0541 44 §
41 ® 43/15b-3a E
40 @insh 43 Bhe s
41/1461) 43/p4a- 242/1®8- 2 ' 13@1199)- J 145}/1%)31 2 =
4118-1 g 4 2172 |z
Kirby Misperton 1 42 43/21{243/22-1 . 23-4 Y
alhs 4 44128-3 46001
46 47 48 49 1| 50
0 40 80 160 Kilometers ]

[ T T N S T B WN,L \'d

odm

Cleveland Gp £

Figure 14: Map showing the distribution of wells proving the Millstone Grit Formation,
and the key well profile that illustrates the principal variation in wireline log signature
(gamma and sonic logs) and lithology of the unit.

Name

Historically, theterm Millstone Grit was introduced bwhitehurst (1778Jor the Carboniferous
sandstones and shales in Derbyshire, whilst IBtalips (1836)expanded the name to Millstone

Grit Series to encompass all strata overlimgBowland Shales, and overlain by Coal Measures
(Cameron 1998. More recently, BGS replacedetiberm with Millstone Grit Group (Aitkenhead

et al. 1992)The presence of the Millstone Grit Group in the Alston Block and Northumberland
Basin area has been reviewed recently by Waters et al. (ZDdderon (1993a) proposed the

term Millstone Grit Formton for the equivalent unit in the North Séaa mer ondés t er mi
is retailed herein as we have not divided the succedsgooffshore.

Geographical extent

The Millstone Grit Formation is widespreaduth ofthe Mid North Sea Higho the London
Brabant Massif (Cameron, 19931t is recordedrom wellsin Quadant 40, 41, 43, 44, and
Cameron (1998 referedto an outlier ithenorthof Quadant39. A 126 m thick sandstone unit
with a blocky gammaiay trace in well 26/081 is tentativey correlated with the Midland Valley
Passag&ormation
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Lithology

The Millstone Grit Formation comprises cycles of sandstone, interbedded mudstone and
siltstone,thin marine bandand sporadicthin coak. The sandstone is typically coarse and very
coarsegrained with some units containing common floating quartz peblbliegks the upward
coarsening cycles with limestones of the Yoredale Formafioa.Millstone Grit Formation has
been interpreted as a sequencepuodgrading fluvial and turbidite-fronted delta sequences
accumulating in basinal ared3q]linson 1988. It is at least 93@n thick across the study area.

Key Well

The conformable top and basal contacts of the Millstone Grit Formation have been observed in
wells 44/17 1, whereit overliesCleveland Group E, and overlain by the Caister Formatidn.

Harton 1, theormation overlies thé’oredale Formatioand is overlain by the Pennine Lower
Coal Measures Formation

Lower boundary

The base of the Millstone Grit Formation has been pickedhe base of the lowermost
significant sandstone unit where it rests basinal mudstone of the Cleveland Gromupon
limestonesandstonenudstone cycles of the Yoredale Formation

Upper boundary

The top of the Millstone Grit Formation takenat thebase of the lowest cluster of coal seams in
the overlying Coal Measures (Caister Coal Formatibiowever, in most wells, the Millstone
Grit is overlain unconformably by Permian strata.

Age

The Millstone Grit Formation ig?endleian toYeadonianin age However, he base of the
formation is diachronoudn the Craven Basin onshore the lowest Millstone Grit units are
Pendleian, whereas in Northumberland the lowest unit is Kinderscoutian (Waters et al. 2014).

Correlation withonshore UK

The Millstone Gri Formation is equivalent to its onshore namesakehe Midland Valley of
Scotland rocks of this age and facies form the Passage Formation.

38



CR/15/117 Draft 0.1 Last modified: 2016/03/24 15:19

3.7 CONYBEARE (COAL MEASURES) GROUP

The rocks that onshore comprise @eal Measure&roupwere included as the lower parttbk
Conybeare Groupn the North Sedby Cameron (1993d)he Coal Measure facies of thabgp
wassubdivided byBesly (2005)into the Caister Formatioat the basgoverlainsuccessivelyy
the Westoeand Cleaver~ormatias (Figure 2).The succession has been studied extensively

across the Southern North Sea gekls (e.g. Cole et al. 200&nd references thergiand the
account here is brief.

3.7.1 Caister Formation
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Figure 15 Map showing the distribution of studied wells where the Caister Formation has
beenproved, and the key wellprofile that illustrates the principal variation in wireline log
signature (gamma and sonicdgs) and lithology of the unit.

Name

The Caister Formation was introduced as the Caister Coal FormatiGarbgron (1998 for

the basal division of th€onybeare Groujn the SoutherNorth Sea.Thetermi Coal 0 wa ¢
omitted from the name byBesly (2005) as coal is not the dominant lithology of this unit. The

unit includes the reservoir sandstones of the Caister and Murdoch (&aldgron 1993a)
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Geographical extent

The Caister Formation has bgamovedin wells in Quadant 41, 43and44. Its distribution and
preservation below the baBermian unconformity is controlled by Vscan foldingand
subsequent erosiq@ameron, 1993.

Lithology

The Caister Formatiorsuccessions sandstone dominatednd interbedded with mudstone
siltstone and coal seams. The coals seams are up to 5 mathickpnstituteip to 5% of the
formation (Cameron, 1999. Major channel sandstone bodies are locally up tan5thick
(Cowan, 1989 The Subcrenatum Marine Bandreported from the base of the formation in
Quadrant 43Waters et al. 2011).

Key Wells

The conformable top and basal contacts of the Caister Formationbken@rovedin wells
41/18 1, 41/20 1 and 44/28 3. All of these wells show a basal contact on the Millstone Grit
Formation

Lower boundary

The lower boundarys definedat the base of the lowesluster of coal seamsarked by low
velocity spike on a@nic logsoverlying the Millstone Grit FormatiofCameron, 1999. The
lower boundary can be defined on palynological evidencemiitie top of the R Zone, below
the Subcrenatum marine barl Qsterloff, pers. comm.).

Upper boundary

The Caister Formation is overlain by the Westoe Formatiith the transitionalboundarytaken

at thechange from sandstosieh, to siltstonerich coalbearing strataHowever, in many wells

in the Southern North Sea, the Caister Formation is overlain unconformably by the Ketch
Formation or by Permian strai@ameron, 199).

Age

The Caister Formation is the oldest unit in t@®nybeare Group Most palynomorph

determinatios are indicative of dangsettian teearliestDuckmantianage(McLean et al. 2005)

The lower part of the formation iwells 44/28 3 and41/18 1 has yielded palynomorphs of
latest Namurian agé/éadoniai.

Correlation withonshore UK

The unit is equivalent to thenshoreLangsettianPennine Lower Coal Measurésrmation the
baseof whichis taken at the Subcrenatum marine band
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3.7.2 Westoe Formation
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Figure 16 Map showing the distribution of the studied wells where the Westoe Formation
has beerproved, and the key wellprofile s that illustrate the principal variation sin wireline
log signature (gamma and sonic logs) and lithology of the unit.

Name

The Westoe Formation was introduced as the Westoe Coal Formati@antgron (1998 for
the grey mudstoneand siltstonedominated unit of theoalbearing successian the Southern
North Seathe tem A Co a | @mitiedfrom the name byBesly (2005)as coal is not the
dominant lithology of this unit.

Geographical etent

The Westoe Formation has begrovedin wells in Quadrants41 and 44. Its distribution and
preservation below the ba®ermian unconformity is controlled by the Variscan folding
(Cameron, 1999).

Lithology

The dominant lithologies within the Westoe Formation are grey mudstodesiltstonewith
varying small proportions of seatearths, coal seams, and sandston¢dsadsron, 1999. Coal
seams are common in all wells studied and can be uprtdhick. Cycles are less than 20
thick and typically coarsen upward.

Key Wells

The conformable top and basal comaaf the Westoe Formation have been observed in wells
41/201 and 44/271. In some areas the Westoe Formation is ovedaronformablyby the
Ketch Formatioras illustratedn well 44/21 3.
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Lower boundary

The Westoe Formatioaveries the Caister Fomation. The boundary is marked the change
from sandstoneich Caister Formationto siltstonerich coal measurefacies The boundary is
defined & the bas of mudstone abovéhe highest sandstone bed in tiaister Formation
(Cameron, 199).

Upper boundary

The Westoe Formation is conformably overlain by the Cleaver Formation. The upper boundary
of the Westoe Formatias marked by an increase in sand units in the succession. The top of the
Westoe Formation is takdreneatththe base of the first prominent sand body.

Age
The Westoe Formation is Duckmantian in égleLean et al. 2005)

Correlation withonshore UK

The Westoe Formation ithought to be partly equivalent to tRennineMiddle Coal Measures
Formationof England and Wale€ameron, 1999).
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3.7.3 Cleaver Formation
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Figure 17 Map showing the distribution of studied wells where the Cleaver Formation has
beenproved, and the key wellprofile that illustrates the principal variation in wireline log
signature (gamma and sonic logs) and lithology of the unit.

Name

The Cleaver Formatiowas introduced byesly (2005)to distinguish a uppersandrich, coat
bearing succession within the Schooner FormatioGarsheron (1998. The Cleaver Formation
is included in the Conybeare Group.

Geographical extent

The Cleaver Formation is only present where it has eeh lerodetheneattthe onlappingKetch
Formation. It has been identified in wellsQuadrantgll and44.

Lithology

The dominant lithologies within the Cleaver Formation are interbedded sandstone, mudstone,
siltstone and coal seams. The sandstone urgtsuprto 10m thick and locally form viable
reservoirs as seen in well 44/2B(Besly, 200%. Substantial numbers of coal seams are present,
particularly in the lower part of the formation.

Key Wells
The upper and lower contacts of the Cleaver Formation are obsemvet #44/28 2.

43



CR/15/117 Draft 0.1 Last modified: 2016/03/24 15:19

Lower boundary

The lower boundary of the Cleaver Formation is conformable with the Westoe Formation. The
boundary is marked by an increase in samagein the coal measures succession. The base of the
Cleaver Formation is taken at th@seof the first prominent sand body.

Upper boundary

The Cleaver Formation is unconfoalnly overlain by the Ketch Formatio(Besly, 200%. The
top of the Cleaver Formation is takebovethe last significant coal.

Age
The Cleaver Formation igopperDuckmantian taniddle Bolsovian (Waters et al. 2011).

Correlation withonshore UK

The Cleaver Formation is thought to be partly equivalent topiper part of th@ennineMiddle
Coal Measures.



CR/15/117 Draft 0.1 Last modified: 2016/03/24 15:19
3.8 KETCH FORMATION
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Figure 18 Map showing the distribution of the wells where theKetch Formation has been
proved, and the key wellprofile that illustrates the principal variation in wireline log
signature (gamma and sonic logs) and lithology of the unit.
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The Ketch Formation was mtduced as the Ketch Membef the Schooner Formatiohy
Cameron (1998. Subsequently it was shown that these rocks lie above anVifgsgphalian
unconformity and that the Ketch Formation overstdpe CleaverFormation northwards to

overlie the Westoe Formation. The Ketch FormatiorBésly, 2005) remains as part of the
Conybeare Group

Geographical extent

In this study the Ketch Formation has gnbeen identified ilQuadran®4, althoughCameron,
(1993) described it fromQuadrant2.

Lithology

The Ketch Formation is a reddened succession camgagandstone beds up to 10 thick
interbedded withmudstone and siltstondt also contains distinctive gy and ferruginous

palaeosols and has a distinctive degraded kaolinite component in the clay min¢Baskyy
2005.

Key Wells

The upper and lower contacts of thetch Formation are observed in well 44/27
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Lower boundary

The Ketch Formation unconformatdverlies the Claver and Westoeformatiors (Besly, 2005.
The kase s taken abovethe top of thehighestsignificant coal in the Chwer or Westoe
formation.

Upper boundary
In this are he Ketch Formation isverlainunconformablyby Permiarstrata

Age

The Ketch Formatio is typically barrenof palynomorphsbut hasyieldedtaxa from the part of
the SL Biozoneof late Bolsovian agein well 44/2% 3 (Pearce et al. 2005Ralynomorphs
assigredto the OTpalynooneof Asturian agehave been recorded in someuthernNorth Sea

wells, from Ketch Formation equivalent strata (P. Osterloff, pers. comm.).

Correlation withonshore UK

The Ketch Formation is the offshore equivalent to the Keele Form@Wanwvickshire Grouppf
central England€Cameron (1998.
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3.9 UPPER CARBONIFEROUS TO LOWER PERMIAN STR ATA OF THE FLORA
FIELD

Upper Carboniferous to Lower Permian strata have been proved in wells in the Flora Field
located off theGrensen Nose in Quadrants 31 and B® succession has been described by
Martin et al. (2002) and Bruce and Stemmerik (2003). They recognised two sandstone dominated
units, the Lower and Upper Flora sandstones, overlain by a mubisémaistone unit, refieed to

as the Grensen Formation. Basaltic volcanic rocks separate the Lower from the Upper Flora
sandstone in some of the wells and overlie the Grensen Formation in @kensic data
indicate that the area is structurally compléRough no significanfaults that affect the
stratigraphy have been interpreted by Martin ef2§102).Furthermore, theeismic data suggest

that there is also stratigraphic complexityhe correlation proposed by Martin et al. (2002) is
shown in Figure 20.

3.9.1 Lower and Upper Flora sandstones
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Figure 19 Map showing the distribution of wells where theFlora Sandstone have been
interpreted, and the key wellprofile that illustrates the principal variation s in wireline log
signature (gamma and sonicdg9 and lithology of the unit.

Name

The terms Upper and Lower Flora Sandstomeere proposed byMartin et al. (2002)for
sandstoneich units separatetly volcanic rocks in well 31/26a12, the onlywell whereboth
sedimentary units are seen

The Lower Flora Sandstone is provadwell 31/26a 12 and has a characteristic spiky gamma

ray signature with blocky sandstone intervals interbedded with generally thin mudstone units,
and quite distinct from the cyclicity seen in the Upper Flora Sandstone (Martin2804). The
sandstoa unitsin the Lower Flora Sandstorteave sharp basgbut the unitsneither fine nor
coarsen upward'he base of the formation has not been proved.

The sedimentology of the Upper Flora Sandstone has been described ingilegawireline log
data and c®d sections from well 31/26£3 (Martin et al. 2002). The succession in that well is
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divided in a basal braided/anastomosing channel sandstone unit, overlain by braided sand
dominated channel deposits and capped by a braided gravel and sand channéeatdns in

the wireline log curvesrdm wells 31/26 1, 31/26e 13 and 31/264.2 can be correlated clearly

with the succession displaying some cyclicithe thin succession of sandstone and mudstone at
the base of well 39/02, is inferred alséo bdong to the Upper Flora Sandstofidie sandstone
dominated succession is thought to have been deposited irdraleéd or dry continental
environmentsNlartin et al, 2002)

Palynomorphsindicative of aBolsovianto Asturian agehave been reported from the Upper
Flora Sandstone iwell 31/26¢ 13 and 39/024, and from the Lower Flora Sandstone in well
31/26a 12 by Martin et al. (2002) but we have been unable to assess the original report
independently

The Upper and LowerFlora sandstone were deposited contemporaneously withe
Warwickshire Group onshore and the Ketch Formation in the Silverpit Basinditmgt
correlaton is not implied with the data currently available

Martin et al. 2002 Correlation
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Figure 20 Correlation between the UpperCarboniferous to Lower Permian sucession in
the Flora Field, after Martin et al. (2002).
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3.9.2 GrensenFormation
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Figure 21. Map showing the location of wells where the Grensen Formation has been
interpreted, and the key wellprofile s that illustrate the principal variation in wireline log
signature (gamma and sonic logs) and lithology of the unit.

Name
The Grensen Formatiomas recognised informally §ruce and Stemmeri2003.

Geographicaextentand key wells

The Grensen Formation iaterpreted to be present in wells 39/(2 4 and 39/071 in the
southern part of thd-lora Field. The formation unconformably overlies the Upper Flora
Sandstone in well 39/62 and the Yoredale Formation wells 39/02 1 and 39/071. In all of

the wells the Grensen Formation is overlain by volcanic rocks of the Inge Volcanic Formation
(see below).

Lithology

The Grensen Formation is a succession of interbedded mudstone and sanbdstdaiter in

units up to 3 metres thick. It has been interpreted as being depositduwial or alluvial

setting. The formation appears to thicken to the south and v8ate and Stemmerik (2003)

have suggested that the heavy mineral assemblage has more affinity to Permian than to other
Carboniferous sandstones.

Age

The Grensen Formatiohas proved to béarren of organic materigBruce and Stemmerjk
2003) Heeremans et al. (200dgetermined an AAr dateof 299 £3 Ma onthe volcanicrocks
abovethe Grensen Formation iwell 39/02 4, implying that the Grensen Formation haksta
Carboniferous ag
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3.9.3 Volcanic rocks
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Figure 22 Map showing the distribution of wells where volcanic rocks have been
interpreted, and the key wellprofile that illustrates the principal variationsin wireline log
signature (gamma and sonic logs) and lithology of the unit.

The Inge Volcanics Formation was introduced by Cameron g96B8volcanicrocksprovedin

wells 31/26a 12, 31/26€ 13, 39/02 1, 4, and 39/071 in Quadrants 31 and 33he vokanic

rocks comprise basalt, volcaniclastic rocks and interbedded claystone and sandstone and have
distinctive wireline log responsé€ameron, 1993&ieeremans et al., 2004

Martin et al. (2002yecognisedhat there aréwo volcanic unis, the first separatinthe Upper

and LowerFlora sandstonesnd thesecond oveyling the Grensen Formatio(Figures 22, 29).

Martin et al. (2002determined a whole rock-Rr radiometric ageof 299+9Ma for the lower

unit in well 31/26al2. The substantial error means that this date is permissible with the
Westphalian lostratigraphical determinations on the enveloping Flora sandstotegretation

of the seismic data by Martin et al. (2002) shows that in the Quadrant 39 wells there is only a
single volcanic unit, referred chaynitchs@n .t d ntt
the lower volcanic unit is apparently not preserdester, Heeremans et al. (2004ptaineda

more preciséAr-Ar age of 299+ 3 Ma for the upper volcanic unit proved in well 39/2and

this unit is equatedwith the Inge Volcanics FormationThus, two volcanic events are
represented in the Flora Field, aarlier, Westphalian evenand a later one near to the
Carboniferous Permian boundary

Thetwo volcanicunits areconsideredo be associated witime widespreadate Carboniferous
early Permian tholeiitiecnagmatismstretching from Scotlandnd Northumberland to the Oslo
Graben(Heeremans et aR004 Stephenson et al. 2003

3.10 INTRUSIVE IGNEOUS RO CKS

The Whin Sill Swarm was intruded into the Visean, Namurian and Westphalian rocks throughout
much of northern England in earliest Permian times (Stone et al. 2010 and references therein). In
the coastal region it was recorded within the Yoredale Formatid®eal Sands and Harton 1
wells and offshore in well 41/611. Within Harton 1, there are three individual sheets with a
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combined thickness of around 80 One 16 m thick sheet was encountered within Seal Sands
No. 1 welland a 27 m thick single sheet it well 41/0% 1. The Whin Sill has not been
encountered in any other well examined during this study, suggesting the swarm terminates east
from well 41/0%1 1.

51



CR/15/117 Draft 0.1 Last modified: 2016/03/24 15:19

4 Correlation Panels

To illustrate the stratigraphic relationpsiand lithofacies variationsf the Carboniferous and
Devonianrocksof the Central North Sea amdid North Sea Highnine correlation panelbave
been constructedicross thearea (Figure 1) The panels were also used to aid seismic
interpretation. Pations where biostratigraphic constrigirwereavailablein wells are marked
with a plus (+) symbol ithebiostratigraphy column.
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Tournaisian to Westphalian strata from the Dogger Granite High to the
Silverpit Basin
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Figure 23 North-South correlation panelfrom the Dogger Granite High in Quadrant 38 south into Quadant 44 showing howLower Carboniferous stratigraphy is related to Namurian and Westphalian stratigraphy in
the Silverpit Basin. This panel shows the most southerly occurrence of the Tayport Formation in this study alsoshows adramatic stratigraphic jump between the wells 44J6- 1 to 44/12 1, due to faulting south of the
Dogger Granite High.
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Figure 24 West-East correlation panel from the Mid North Sea Hgh into the North Dogger Basin and on tothe Auk-Flora ri dge showing wells proving the Kyle Group and Buchan Formation. The Tournaisian to
Namurian Carboniferous strata in the North Dogger basin and in Quadrant 3%re also shown
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