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Abstract

As part of the ongoing studies of the Beneath Britain Groupssociation with the UK Onshore
Geophysical Library (UKOGL), twetmip structural crosssections have beenonstructedacross
northern, centralandeasternEngland.The lines have been buitan attemptto aid an understanding

of subsurface geological structyrespecially in areas with little or no seismic data coverage and
limited deep drilling results. The intention is to define an initial regional network of profiles upon which
to build more detailed studiesThe profiles arbasedprimarilyupon well ties fron227 wells but also
incorporae information derivedfrom seismic interpretatios andfrom published depth structure
maps. Densityand susceptibilityalues based upon published information andon an evaluation of

well logs, have beedallocatedto individual stratigraphicinits within the twenty-two 2.5D gravityand
magneticmodelprofiles Thevarious modelfiave beerused toremove the combined gravity effect

of the younger better-known geologicalstructure, revealng residual anomalcontributions to the
gravity and magnetic fids from deeper geologicétatures Of the thirtyfour gravity anomalies
identified twenty are significantresidualanomaliesandrange in amplitude from 4 to 25mGal with an
average ofapproximatelyl2mGal. Most of the features have bearcognisedreviously but some

are new. Theresidual anomalieare interpreted in terms of granitic plutoins Paleozoic basinsith

two remaininganomaliesof uncertainorigin. The profileand modelglo not provide unique solutign

but can help to constrain geological interpretatipespeciallywhen combined witlother datasets.
Work to set the identified gravity and magnetic anomalies within a regional geological context is
currentlyunderway and will bélescribed in future publicatigras part of the ongoing research of the
Beneath BritailJKOGL Group

Introduction

A series of twenttwo depth crosssections have been constructed extending across northern, central
and eastern England. The profiles have been built in an attempt to assist an understanding of deep
geological structureparticularlyfor those areas with &ackof reflectionseismic data andparsedeep
drillingwell results. The profiles are based upon an integration of stratigraphic tops, derived from 227
wells and boreholes, combined with published structure maps together with seismic line
interpretations. The crossections have been converted to a seriésinplified 2.5D model profiles

with assumed density and susceptibility values ascribed to the main stratigraphic units. The density
model parameters are based upon an evaluation of density logs rutB3wells together with
published data. Magnetic susceptibility values are derived from published informalfioagravity
modelingwasizy RSNIi F { Sy Ay 2NRSNJ 42 WailaNARLI 2FFQ (GKS 3INI
shallowergeological structure in order textracta residual gravity fielthought to be due tadeeper

and less understood geologicdatures The method adopted for modelling all profiles was
follows-0 A 0 (2 Y2 RS f -sectionWusually bftthEarisonif€dUR and youngsediments,

based upon wellops, seismic controbnd published mapgji) to subtract the effect of thisnapped
shallow gology from the observed profiles, producing gravity and magnetic residual anomalies, (iii)
to model the residual anomalies witfeologicakpeculations regarding the deeplessknownsection

using the oftenlimited geological data In this way, the effect of thehallowgeology wasdstripped
awayprior to introducing any additional speculative featuregSravity modelling requires significant
assumptions regarding the background regional field. For the network of intersecting profiles
described here, a consistent regional background field has been adopted assuming a background



basement density of 2.7Rg/m3. Gravity and magnetimodelling do not provide unique solutions,

but it is hoped that the results help to constrain possible geological structural models. The intention
has been to create a network of intersecting, simple profiles, providing an approximate fit between
observal and calculated potential field values and forming a basis for further, more detailed, studies.

DataSources
The primary data sources include well data, seismic structural mapping, gravityrdagaetic data
anddensity andnagneticsusceptibility data

Well datawere derived mainly from the UKOGL (UK Onshore Geophysical Library) well database.
Stratigraphic topsfrom surface to TDwere interpreted in227 wells. The stratigraphic succession of

the Mesozoic section in the wells is based on the framework created by the British Geological Survey
(BGSaNnd as detailed in their various published Subsurface Memoirs, Sheet Memoirs and Regional

Guides. For the purpose of the present studyhe Carboniferous section, below the Variscan
unconformity, has beensubdivided into the Upper Carboniferous Coal Measures and Namurian
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Figurel Stratigraphic Summary local UKstratigraphic terms are shown i
square brackets

intervals and  the Lower
Carboniferous Carbonatesand

Shales and can be generally
differentiated with confidence
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The Devonian section below is
more difficult to identify due to

the general paucity of
palaeontological control and the
general lack of characteristic

lithological feaures. To the west
in Wales a major unconformity
has been recognised at the base of
the Upper Devonian, but in
Eastern England this major
unconformity could be of latest
Silurian to early Devonian age.
These are together termed the
G ! O RUntoyférmity in this
paper. The Lower Paleozoic
interval has been subdivided into
three tectonicstratigraphic
intervals following the scheme
suggested by Woodcock

(Woodcock, 1991) The youngest interval is a Late Ordovician to Lower Devonian section which is
truncated by the Acadiakinconformity. The second sequence of Ordovician age lies betiveen
Sheleian and Penobscottian unconformitiesTheoldest sectionlying on Precambrian Basemeig

of Lower Cambriafitarly Ordovician (Tremadocian) age andrusicated by the Early Ordovician
Penaobscottian unconformity. Identification of the Lower Paleozoic section is hampered by the limited
data available.lt is particularly diffialt to agedate the deepest sections penetrated imells in the
Fenland area. In many weli® electric logsvererun and so there is a reliance &ew samplespften

only cuttings with no core data, and many of the lithological descriptions are extrespahgeand

poor. Furthermore, the amount of Lower Paleozoic section penetrated in the isdilisited, with

few palaeontological datesMany of the samples are from intervals that were deformed and have
undergone varying degrees of metamorphiseo thatmuch of their original character has been

modified or lost.
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A listing of all well data used is providfmt each profile This includes well name, location intiBh
National Grid (BNGjoordinates,distance along the profile (kmyotal depth (m) and interpreted
bottom-hole formation. Thewells weregroupedto form a series of twentywo, approximately linear
crosssections Figure2(a)). An attempt was made to keep the profilas straight as possihléut
someWR-2 3 Werdinevitable. Théength of the profiles varies betwee8d and 308 km and the
number of wells used per crosection rangesbetween 6 and 24. Constructed crossections
honoured the well tiesand seismic mappingvhere availablewas utilised to infill thestructural form
betweenthe well control points. In cases of disagreement between well tops and seismic mapping,
the well data weregiven pecedence

Publishedmapping was derivethainlyfrom i K Bhe Atlas of Onshore Sedimentary Basins in England
and Wales]Whittaker, 1985) The Atlas provides a series of twelve depthnverted structure maps

at 1:1,500,000scale with stratigraphic horizonganging betweenthe deepest atQ¢ 2 LJ =+ NR & O
. | a S vié tfidishallowest at ¢ 2 LJ /TKeldatd Wakl to construct the mapsthin the Atlas
include surface geological information, subsurface wath derived from approximately,800 wells

and boreholes and seismic reflection profiles acquirethainly by companies prospecting for
hydrocarbons. Depth contours for key horizons were digeéd andgridded. Horizoncrosssections
were then extracted from the varioudepth gridsalong the line of eacprofile, and these were used

to aid the construction of themodek. Unfortunately, he BGS AtlagWhittaker, 1985)does not
provide interpretation ofany pre-Permianstructure, such as Carboniferous horizoriBhe modelled
Carboniferousand older structure of northern and central Englandelies heavily on the BGS
QubsurfaceMemoirs: Btructure andevolution of the East Midlands region of the Pennine Basin
(Pharaoh, et al., 20118tructure and evolution of the Craven Basin and adjacent &Kaby, et al.,
2000)and ‘Btructure and evolution of the soutivest Pennine basin &djacent areaQSmith, et al.,
2005)

Published and unpublished seismic interpretations have been undertaken by M Butler covering wide
areas ofCentralEngland, notably over and around the Worcester Graben and over the Midlands
Microcraton(Butler, 2018) In this paper we refer to the Midlands Platform as the part of the Midlands
Microcraton that lies north of the Mesozoic Basins of Southern Engl&hdse interpretations were
merged with the BGS mapping to assist profile construction. Intersection points between the profiles
and the regional seismic line interpretations of Butler and Jamieson (2013) were also examined and
incorporated.

Observed gravity and magnetic anomaly data were obtained from BGS published potential field maps,
1:1 000 000 UTM Seriethie gravity field fromChacksfield & Edward2006 andthe magnetic field

from Chacksfield, et a{2006). Assumed layer density values were estimated following an assessment
of densities recorded in density logs run in 133 wells located across England. A full summary of these
results will be presented in a future publication by the authors. In additioblighed surface and
subsurfce density values were incorporated using, in particular, the comprehensive density review
availableon the BGS Gha WwS3aAz2yl f D824 e & yEsoy, RD J0asyzi K
Assumed susceptibility values were based upon published values but relied hewattily gynthesis

of published susceptibility results also provided by Busby, et. al. (2006).
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Figure2 (a) Location of profiles and well tieprofile numbers are shown on the ends of each line andevealtionsare show!
as black dots (Mdssumedegional background gravity field applied to profjlesi posted numberd K 2 ¢ W a Lappliet
in mGal(c) BGS Gravity datBA onshore and FA offshogeldded anccontoured amGal interval and (d) B@%tal Magnetir
Field datagridded anccontoured at 50 ninterval. The naming of the magnetic anomalies folloBsamistet al (2016), B¢
BirminghamMagnetic AnomalyFN¢ FurnessNorfolk Magnetic Aamaly; SCE¢ South Central England Magnetic Anom
and M ¢ Malvern Magnetic Anomalyith one exception The Dery&t Ives Magnetic Anomaly has been rename® &s
Burnley to Stamford Magnetic Anomaly (see text)

During the interpretation of gravity profiles, it is necessary to make assumptions regarding the deep
seated long-wavelength packground regional gravity field. With an intersecting grid of profiles, such

as described here, it was necessary to define a regional background variation consistent across all
profiles. The estimation of this regional variation evolved as the indiVigofiles were interpreted

and is illustrated withirFigure2(b). WS Ry dzY 0 S NE  Bedichad gravity&lueskipplithlormy



the profiles with linear interpolation between. The black contours show a manual smoothing of these
W& Lualies) Such a variation was found to be necessary in order to permit reasonable fits between
observed and modelled gravity valueBwonotable features of the maparethe high regional valug

of approximately 30mGal, present over the area of the I8shB(Arrowsmith, et al., 2005nd the low
regional valus over the area of the MidlarelMicrocraton Crustal thickness studies, in particular
those ofHardwick(2008) show thinner crust to be present below the genesata of thelrish Sea

and thicker cruspresentbeneath the Midlands MicrocratonThe possiblelong-wavelengthgravity

field associated with suctrustalthickness variationkas beerBD modelled(description currently in
preparation) The3D resultsshowa close similarity, in both amplitude and areal extent, with the
assumed badround field asdeduced from the2.5Dgravitymodelledprofiles. Consequently,le 3D
model results were used, particularly over the East Anglia éoaafine slightlythe assumedegional
backgroundgravityfield, with the final resultshown inFigure2(b). The gravity data d@hacksfield &
Edwards(2006)are shown inFigure2(c) and the magnetic data o€hacksfieldet al. (2006)within
Figure2(d). In this figure, the magnetic anomalies are named accordir@etamish, et a(2016)with

one exception. The Derby to St IMesmgnetic Anomaly (DSI oBeamish, et al., 2018)as been
renamed as theBurnley to Stamford Magnetic AnomalBS) this beingconsidered to bea more
precisedescription of thdateral extent of the anomaly

Profile Models

All 2.5D profile models were computed using BGS modelling soft{fPadiey, et al., 1993)Models
are grouped ito four sections related to the areaovered:(i) North of England (Profiles-@), (ii)
Midlands Platform to Eastern EnglariBrofiles 711), (iii) Eastern England to Southern England
(Profiles 1218), and (iv) Southern Englan@Profiles 1921). A

Eenozo(i:c . short description of each profile is provided together with two
PpErretaceaus figures one showing the profiléself and oneshowing a map
Lower Cretaceous

with the position of the profilelocated upon therelevant part
of the BGS soligeologymap (British Geological Survey, 2020)
The locations ofhe named wel, upon whicheach profile is

Jurassic
Permo-Triassic
Coal Measures

Namurian based are also showron both the map and profile.Vertical
Dinantian (Basin Shales) W3 { anGHe prédilesllustrate the approximateotal depth to
Dinantian (Platform Limestone)| which each well penetratedAs far as possibj¢éhe horizontal
I '5neous and verticalscales are the same for all profiles and tlo®lour
Devonian schemeadopted follows that shownin Figure3. Modelled
g ?LOW_EF Paleozoic parameters are given in the figure captions. Densities are in
LD Sfa”'te . kg/m® and magnetic susceptibilities are in Sl unitddagnetic
asemen

anomalies aregenerallycalculated on the basis aéfiduction
Figure3 Colour scheme adopted for all - within the S I NJr&s@n&day magnetic field In the few cases
profiles where remanent magnetic parameters have been assumed
within a model, the magnetic susceptibility has been set to zero and the assumed remanent
magnetisation valu€SI units)s providedfollowed by theassumed reranent angle ofinclination The
remanent declination is assumed to be due North.

It is usual to modejravityprofilesasstraight lines positioned so as to cross featureanorthogonal
wayto the general strike directionlt is important to appreciate that the models creathdredo not
satisfy this norm and are consequensljghtlyunconventional in their constructionTherefore, they
haveadditionallimitationsto normal profiles and there will be places whereery close agreement
between observed and calculated gravity values cannot be expecedhas it been attempted
Nevertheless, the profiles have beawonstructedto help identify areas wheresignificant residual
anomalies exist andonsequentlysuggesfurther investigatiorsto be worthwhile In evaluating the
gravity profile results, generahgreementto within 2-3mGal has been considereécceptable.
Differences greater than 5mGal merit further consideration and suggest the influence of additional
sources notncluded on the initial model profile
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As an examplesonsiderProfile 1. The profile has highlighted two areas of negative residual gravity
anomal, shaded blue irrigure4. Thefirst residual low locatedbetween 40 and 100kralong the

line, has amaximumamplitude of approimately12mgal. This is a significant anomaly, not previously
recognised, antbcatedin the area of the Central Lancashire H{glhans & Kirby, 1999)ntersecting
Profiles 2 and 3 also show a similar featubeit with a muchreduced residual amplitude A
speculative interpretation in terms of a buried granite body is proposed. For the second residual low,
between 150 and 170km, the profile is located across the flank of the Bingham GBwmriigto, 2019)

not included in the profile modelDespite the slightly unconventional nature of the modelled profile,

it has succeeded in the objective of drawing attention to two potentially interesting ar@aes
requiring further explanatiomndone possibly already understood.

The construction of the modelled lines followed a similar strategy for each profile. An initial pfofile
the better-understood (usually shallower) structunes constructed based upamterpretedwell tops
combined with available seismic interpretations and depth mappiBonple polygonal shapes were
added to the profile to represent theariousstratigraphicunits. Polygons were not includddr those
unitsconsidered to havasignificant density contrastsith the background Estimated énsity vales
werethen associated withthe variousstratigraphic layers and the gravity model results calculatad.
areas whereresidual anomalies wershown to besignificant additional(usually deepérfeatures
were introducedinto the modelin order to achieve agreemeriietween observed and calculated
values Occasionally, theriginalshallow model was also modified slightiyhere permitted by the
well and mapping constraintsFollowingthis stage observed magnetic anomalies were considered
and magnetic models incorporatedittempts were made to match the general form of the observed
magnetic profileswith variations in wavelength offering an approximation to the source depth of the
magnetic anoraly. Many of the magnetic anomalies acemplex and include differing wavelength
components suggestive of a mixture of contributions from sources at various dé¢asnish, et al.,
2016) Consequently niterpretation of thelong wavelengtltomponents possiblysuggestive of deep
sources is often unreliable The short wavelengthshallow features are perhaps more easily
interpreted. However, the magnetic results a wholeshould be regarded as indicative rather than
detailed. Followinga series ofterations, afinal model wascreated, broadly matching both gravity
and magnetic observationsin somecases,a different geological concept wasmployed,and an
alternative model produed. As for all potential &ld interpretations the technique does not produce
a definitive result although it can be more powerful when integrated with other datasets as used
here. Howeverthey help to constrainpossible solutioa andare particularly helpful ineliminating
unlikelygeological concepts.

Modelling uncertainties are difficult to estimateOne of the main factorss the two-dimensional
nature of the profiles discussed above. Other factors include uncertaititye assumed layer density
and susceptibility valuesFurther consideration opotential errors will be required in subsequent
work following this initial reconnaissance investigation.

Figures3(a), (b) and (c) are provided belas asummary of the locations of features mentioned in
the text. Figure3(a)includesvariousgeophysical and structural featurdéscussedogether with the
model profile locations Figure 3(b) and (c)show the positions of PermaTriassic basins, Upper
Carboniferous Coal Measuraasd Lower Carboniferoubasins used in the gravity stripping process
The outline extent of the Coal Measures is taken frdmmes (2006) The interpreted locations of
Devonian basins and granite bodies are also shown.
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Figure3(a) Summary map showing the locations of geophysical and structural features discussed in. thEheexhodel

profile locations are also showrThe shaded extent of the Midlands Platform is taken from the outline of the Midlands
Microcraton (Butler, 2018) with the southern boundary modified to follow the line of the Southern Midland Platform Variscan
Deformation Belt (SMPVDB). Abbreviations as folows:

Important fault systems/lineaments/anomaliesCFS Craven Fault System, SMPVDB Southern Midland Platform Variscan
Deformation Belt, CL Cambridge Line, DFZ Dowsing Fault Zone, BSHRamiesd High, AAB Alstekskrigg Block, TAM
TamworthAylesbury High, WA Warlingham Gravity Anomaly, and magreticnalies FN Furneddorfolk, BS Burnley
Stamford, B Birmingham, and SCE South Central England.

Granites HG Hollowell Granite, WG Wash Granites, MWG Market Weighton Granite, NNG North Norfolk Granite, CIG Canvey
Island Granite, NFG North Foreland Granite, SG Sonning Granite, RG Reading Granite, SAG Steeple Aston Granite, BG Bingham
Granite, NG Newark Grdaaj WdG Wensleydale Granite, and HsG Hornsea Granite.




% P-T Basins
//// N % Coalfields
o s B ,.;;,*//4,

Figure3(b) Summary map showing the locations of Peifniassic basins and the distribution of Upper Carboniferous Coal
Measures discussed in thext. The outline extent ofthe Coal Measures is taken fralones (2006) Abbreviations are as
follows=

Coalfields:BuC Burnley, BrC Bristol, BOC Berkshire Oxfordshire, FOD Forest of Dean, MC Mattingham, SLC South
Lancashire, SSC South Staffordshire and YC Yorkshire.

PermoTriassic BasingCHB Cheshire Basin, WG Worcester Graben, and KB Knowle Basin.
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Figure3(c) Summary map showing the locations of Lower Carboniferous and Devonian basins discussed in the text. The
locations of granites frorigured(a) are also shown. Abbreviations are as follews:

Devonian BasinsWB Wantage Basin and LB Luton/Cambridge Basin.

Carboniferous Basins and High€RB Craven Basin, BT Bowland Trough, CLB Cleveland Basin, GT Gainsborough Trough, ET
Edale Trough, WT Widmerpool Trough, HMB Humber Basin, CLH Central Lancashire High, and DD Derbyshire Dome.
Warlingham Gravity AnomalyWA




North of England

Profile 1¢ Whitmoor-1to Hathern1 ¢ Northwest-Southeastorientation ¢ Controlled by 12wells
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Figure4 Profile 1 Assumed densities arfEriassic2.55, Westphalian2.6, Namurian2.6, Dinantian2.7 Bowland and EdaleaBins),Dinantian2.68 (Widmerpool TroughRinantian 273
(carbonates)Granite2.65 A background density of 2.72 has been assunidgnetic basement 2.72, 0.019 $he well locations are numbered as 1 Whitmap? BrennandBH 3 Holme
Chapell, 4 Wessendei, 5 Alportl, 6 EyanBH 7 HighoredisiBH 8 Ironville5, 9 llkestornl, 10 Staplefordl, 11 Ratcliffeon Soarl and 12 Hatherrl
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Profile 1¢ Whitmoor-1to Hathern-1 ¢ Northwest-Southeast orientationc Controlled by 12 wells

The profile commences in the nomlestwithin the Bowland Basin with Namuriaocksoutcropping

at the surface To the south, tk outcrop changes to&formed Lower Carboniferous section as the
profile crosseshe Pendle Bult zone markingthe northern edge of the Central Lancashire Higtans

& Kirby, 1999) The Central Lancashire Highaid.ower Carboniferougalaeohigh characterised ¥
shelf carbonatelepositionasencountered in the Holm€hapek1 well. Itsextensionto the southeast
was proved byhe Wessenderl borehole. Aresidualnegativegravity anomaly is associated with this
palaeohigh The presence ofocal Lower Carboniferous carbonate builghs (Evans & Kirby, 1999)
together with flanking magnetic anomali¢see Profiles Znd 3) may suggest the anomaly to be
caused by &uried granite intrusion albeit significantly smaller than the Weardale and Wensleydale
Granites(Bott, 1961 Bott, 1967 Kimbell, et al., 2008pcated to the north.The palaeohigHies on the
northern end of thenorthwestsoutheasttrending BurnleyStamfordMagneticAnomaly BSin Figure

2) (Wills, 1978 Pharaoh, 2018) This feature is associated with Ordoviciaretasedimentswhich
underlie the Upper Paleozoic section with a maturity breakseen in theHolme Chapefl well in the
northwest of the Ridgeand Ironville5 in the southeast (Molyneux, 2001; FINA, 1987; Quintana
Petroleum, 1974) The deformation and metamorphismare thought to be due to the Acadian
deformation event Further souththe profile crosses the Edale Trough, a Lower Carboniferous basinal
area, proved by the Alpott well, before rising onto the East Midlands Shelf and its northwest
extension the Derbyshire Dome, with Lower Carboniferous shelf carbonates at the suiSaceh of

the lronville5 well, the profile crosses the Widmerpool Trough, a Lower Carboniferous basinal area,
proved by the Widmerpoel well, where Namurian rocks subcrop beneath Triassic cdvefore
rising onto the Midlands Platform at the southern efitaser & et al, 2003)

Distance

Profile | Well Along Profile
1 No Well Name X Y (km) TVDSS (m) TD Formation
1 1 Whitmoor-1 358744 463150 0 1240 Lower Carboniferous
1 2 Brennand BHD5 BH | 364933 454302 11 -122 Lower Carboniferous
1 3 Holme Chapel-1 386030 428970 44 1711 Sequence 2 (Ordovician)
1 4 Wessenden-1 405460 406310 74 631 Sequence 2 (Ordovician)
1 5 Alport-1 413612 391055 91 495 Lower Carboniferous
1 6 Eyam BH 420960 376030 108 1621 Sequence 2 (Ordovician)
1 7 Highoredish BH 435401 360322 129 -26 Lower Carboniferous
1 8 Ironville-5 442996 351418 141 1216 Sequence 1 (Camb-Trem)
1 9 llkeston-1 447537 345172 149 1036 U. Carb (Namurian)
1 10 Stapleford-1 449066 335947 158 108 U. Carb (Namurian)
1 11 Ratcliffe on Soar-1 | 450818 329125 165 1802 Lower Carboniferous
1 12 Hathern-1 451580 324160 170 586 Lower Carboniferous

Tablel Profile 1 well data
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Profile 2¢ Croxteth1 to Harsleyl ¢ Southwest-Northeast orientation ¢ Controlled by 12 wells
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Figure5 Profile 2 Assumed densities are Perfidassic 2.45, Westphalian 2.6, Namurian 2.6, Visean and Tournaisigh 87, Visean and Tournaisian Lmst 2.73, Granite 2.65, Magnetic
Basement SW of granite 2.72008 SI, Magnetic Basement NE of Granite 2.73%] 81, Magnetic Basement NE end of profile 2.72140SI. The well locations are numbered as 1 Croxteth

2 Uphollandl, 3 Roddleswortii (offset), 4 Heywood (offset), 5 Fletcher Bark 6 Holme Chapsl, 7 Boulswortfl, 8 Low Bradleg, 9 Sawleyl, 10 Aldfieldl, 11 KirklingtorBHand 12
Harsleyl.
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Profile 2¢ Croxteth1 to Harsleyl ¢ Southwest-Northeast orientation ¢ Controlled by 12 wells

At the soutlwesternend of the profile PermoTriassic rocks outcrop at the surface lffter crossing

a fault just to the northeastof Croxtethl, Namurian to Westphalian section outcrops. Tprefile
crosseghe Lancashire Coalfieldhere a thick Upper Carboniferous section is thought to overlie a
thick Lower Carboniferous basinal sequen€his basinal sequenterminatesagainst fauls which
mark the southwesternedge of theCentral Lancashire Hig The profile crosses theery northern
end of theBurnleyStamfordMagnetic AnomalyBS Figure2), here interpretedsimplyasshallower
magnetic basement The anomaly is problematic andtexnative possible sourceshave been
suggestedBeamish, et al., 201é)cluding Ordoviciamtrusive rockgPharaoh, et al., 1993\llsop,
1987)or Precambrian basemer{Cornwell & Walker, 1989)Lower Carboniferous shelf carbonates
are developed over th€entral Lancashire Highat liesat the northern endof the BurnleyStamford
Magnetic Anomaly. Thigalaeohighis associated with shallow Paleozsiction, agproved by the
Roddlesworthl, Holme Chapel, Heywoodl and Boulsworthl wells. A negative residuagravity
anomaly is associated with the Central Lancashire Highs possiblyexplained by the presence of
an underlying granitevith flanking magnetic anomali€see Profile 1, 2and3). To the nortleastof

the Boulsworthl well, Lower Carboniferous basinal sequences are thought to be developed across a
bounding fault, although this is unproven by well datahese basinal sequencestend to the
northeastinto the Craven Baswhere they outcrop The line continues to the northeastrossing the
FurnessNorfolk Magnetic Anomaly (FN, Big 2. As for the Burnlestamford Magnetic Anomaly,
the interpretation of the Furnesblorfolk Anomaly islebateable and alternative explanations have
been offeredincluding Precambrian basemefWills, 1978, Ordovician arc magmatis(Rharaohet

al, 1993, 199% early Paleozoic magnetic metasedimer{itee, et al., 1993and Devonian
metamorphism(Allsop, 1987) Here, the feature ismodelledsimpl as abasementmagneticridge
although our preference is for an interpretation involving magnetic sedimentary sequences in the
Ordovician(Wilson & Cornwell, 1982Zupplemented by Upper Ordovician igneous activitijhe line
ends on Permdriassic outcrop at the Harlsdywellwhere the observed gravity values rise slightly,
possibly associated with the Cleveland Baswersion(see Profile 3).

Profile| Well Distance
2 No Well Name X Y Along Profile | TD TVDSS (m) TD Formation
2 1 Croxteth-1 340316 394266 0 1260.3 Lower Carboniferous
2 2 Upholland-1 350440 402880 13.3 1439.5 U. Carb (Namurian)
2 3 Roddlesworth-1 {offset) | 365630 421264 35 22731 Lower Carboniferous
2 4 Heywood-1 (offset) 383851 408976 45 1499 Lower Carboniferous
2 5 Fletcher Bank-1 380530 416440 46.3 1434.1 U. Carb (Namurian)
2 6 Holme Chapel-1 386030 428970 60 1710.8 Sequence 2 (Ordovician)
2 7 Boulsworth-1 392685 434790 68.8 1493.8 U.Devonian
2 8 Low Bradley-1 401950 447860 849 344.7 U. Carb (Namurian)
2 9 Sawley-1 424510 465020 113.2 216.1 Lower Carboniferous
2 10 Aldfield-1 424057 468113 117 -59.7 Lower Carboniferous
2 11 Kirklington BH 432879 480913 132.6 264 U. Carb (U. Coal Measures)
2 12 Harlsey-1 442230 498070 152 965.6 Lower Carboniferous

Table2 Profile 2 well data
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Profile 3¢ Milton Greent1 to Cloughtonl ¢ Southwest-Northeast orientation ¢ Controlled by12 wells
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Figure6 Profile 3 Assumed densities aderassic 2.62ermaTriassic 2.52.65(Cleveland Basinverted) Westphalian 2.6, Namurian 267 (inverted) Visean and Tournaisian 53t 2.6&8.72
(inverted) Visean and Tournaisian Lmst 2.75, Granite 2685 SIMagnetic Basement SW of Granite 2.7315 SI, Magnetic Basement NE of Granite 2.721DSI. The well locations are
numbered as 1 Milton Greeh 2 Bowyers WastBH 3 Knutsforel, 4 Lingard PiL, 5 Wessendef, 6 Willow FarnBH 7 Weetonrl, 8 New Parks BH,;Thornton le Clayt, 10 High Huttorl, 11
Kirby Mispertor8 and 12 Cloughtosi.
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Profile 3¢ Milton Greenl to Cloughtorrl ¢ Southwest-Northeast orientation ¢ Controlled by 12
wells

The southwesternend of the profile begins in the Cheshire Basgirerea thick Permerriassic section
overlies an inverted CarboniferousBasin (Mikkelsen & Floodpage, 1997)The profile has been
generated usinghe Carboniferous structurenaps ofSmith, et al(2005)andKirby, et al(2000) The
deep gravity low associated with the ledensity sediments within the Permbriassic basin
dominates the gravity anomaly sucthat variations within the underlying deeplyburied
Carboniferoussedimentsare unlikely to be resolvedsing the gravity data aloneThe northestern
edge of theCheshire Bsin is crossed near the Lingard Pit borelenie appears to be faulted'his
margin lies close tahe southeasternedge of the Central Lancashire High overichhthe Lower
Carboniferous shelf carbonates are developed proved by the Wessenddnwell. A possible
negative residuajravity anomaly is associated wipkarts ofthe Central Lancashire Higind maybe
best explained by the presence of an underlying graamitdough this idbetter displayed on Profile.1
The profile crossethe northernmargin of theCentral Lancashirkligh into the basinal sequences
deposited within he variously named Huddersfield Basin or Gainsborough Trough Extension
(Aitkenhead, et al., 2002)0ver much of the profildNamurian to Westphalian section outcrogisthe
surface but northeaswards beyond the Weeton1 borehole a progressively younger outcrapf
Permian to Jurassiocksis encounteredasthe profile crosses into the Cleveland BasithisBasin
has undergone two phases of subsidence and inversion, initially in the Carboniferdlester in the
Mesozoicand TertiaryDoornenbalH. et al., 2010) The enhanced density resulting frairese burial
and upliftphasesmay partiallyexplainthe gravity anomagsin the area.

Distance
Profile | Well Along Profile
3 No Well Name X Y (km) TVDSS (m) TD Formation
3 1 Milton Green-1 343744 356926 0 1569 Sequence 2 (Ordovician)
3 2 Bowyers Waste BH | 356860 368810 18 116 Triassic
3 3 Knutsford-1 370270 377860 34 3000 U. Carb (Westphalian)
3 4 Lingard Pit-1 391890 392540 60 288 U. Carb (Namurian)
3 5 Wessenden-1 405460 406310 79 631 Sequence 2 (Ordovician)
3 6 Willow Farm BH 424703 424703 106 574 U. Carb (Namurian)
3 7 Weeton-1 429809 446385 128 1929 Lower Carboniferous
3 8 New Parks BH 454580 461834 158 695 U. Carb (U. Coal Measures)
3 9 Thornton le Clay-1 | 467367 465120 171 1098 U. Carb (U. Coal Measures)
3 10 High Hutton-1 474782 468872 179 2681 Lower Carboniferous
3 11 Kirby Misperton-8 | 477136 479004 189 3068 Lower Carboniferous
3 12 Cloughton-1 499392 496802 218 2904 U. Carb (Namurian)

Table3 Profile 3 well data
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Profile 4¢ Preesl to Hatfield-1 ¢ Southwest-Northeast orientation ¢ Controlled by 10wells
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Figure7 Profile 4 Assumed densities are Jurassis, PermeTriassic 2.5/585 (Cheshire BasinyWestphaliar2.55/2.6 (beneath Cheshire BasjtNamurian 2.6, Visean and Tournaisian Sst/Sh
2.7, Visean and Tournaisian Lmst2.Kagnetic Basement 227 0.017 Sl,Igneous Rocks of Derbyshire Da2ig2,1.2S1160°(NE) and 2.72, 1.2SI, 100° (SWhe well locations are numbered
as 1 Preed, 2 Burfordl, 3 Elwortkl, 4 Bosleyl, 5 Woo Dale BH, 6 Eyam BH, 7 Bramlegr\8éi, 8 Kivein-1, 9 TickhilBH and 10 Hatfield1.
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Profile 4¢ Preesl to Hatfield-1 ¢ Southwest-Northeast orientation ¢ Controlled by 10 wells

The southvestern endof the profile begins within the Cheshire Basinemha thick Permerriassic
basin oveiiesan inverted Carboniferousasin. Within the vicinity of the Pres$ and Burfordl wells,
interpretations of the Carboniferous section differ. Profile 4 followsitierpretation of Smith, et al.
(2005) but Mikkelsen & Floodpagé€l997)show stronger inversion with complete removal of the
Carboniferous intervalCrossing the nortieastern bounding fault of th€heshire Bsin, the outcrop
changes from Permdriasst to Namurian.In this areaa deepwater basinal section is encountered
in the Bosleyl well locatedwithin the GoytTrough,a Carboniferous basinal aredich is believed to
be anortherly extension of the Widmerpool Trough:urther north the profile crosses a fawlthich
bounds thewesternedge of the Derbyshire Doma Lower Carboniferoysalaeohighover which shelf
carbonates were depositedThispalaeohighis thought to be rooted on a basement ridgsat was
formed during the Acadian movementnd the longer wavelength magnetic component of the
Burnley to StamfordMagnetic Anomalymay suggestshallow (top at 6km in model) magnetic
basement. The source of tis postulatedmagnetic basemenis unknown, but suggestions include
Precambrian Uriconian volcaniacks(Rees, et al., 199¢Cornwell & Walker, 1989nagmatism of
late Ordovician ag@Pharaoh, et al., 1998y our preferred interpretatiorinvolvinghigh susceptibility
magneticsediments of Ordovician agasdiscussed for ®file 2. Outcropping Carboniferous laya
tuffs andshallowintrusions d the Derbyshire Dome contribute short wavelength anomalies to the
magnetic signature across the higihe northeasern edge of the Derbyshire Donig thought to be
afault zone whichalso formghe southwestern margin othe Gainsborough Troughontairingathick
Carboniferousbasinal sequence.At the surface the outcrop youngs fromJpper Carboniferous
Westphalian to Permian (beyond Bramley Mddmandto Triassic (beyond TickhdH).

Distance

Profile| Well Along Profile | TD TVDSS
4 No Well Name X Y (km) (m) TD Formation
4 1 Prees-1 355727 334474 0 3732 Sequence 2 (Ordavician)
4 2 Burford-1 363831 354119 21.3 1159.4 Triassic Ss
4 3 Elworth-1 373137 361733 333 1368.5 Triassic Ss
4 4 Bosley-1 393438 367825 54.5 1564 Lower Carboniferous
4 5 Woo Dale BH 409850 372840 71.6 69.6 Sequence 2 (Ordavician)
4 6 Eyam BH 420960 376030 83.2 1621 Sequence 2 (Ordavician)
4 7 Bramley Moor-1 439756 378508 102.2 925.9 Lower Carboniferous
4 8 Kiveton Park-1 448979 384136 113 1312.1 Lower Carboniferous
4 9 Tickhill BH 457738 392975 125.5 1681.5 U. Carb (Namurian)
4 10 Hatfield-1 469313 406965 143.6 1599.7 U. Carb (Namurian)

Table4 Profile 4 well data
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Profile 5¢ CoalportG1to Ironville-5 ¢ Southwest-Northeast orientation ¢ Controlled by9 wells
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Figure8 Profile 5 Assumed densities are Perfinassic 2.4 (Shallow Cheshire Basin), Westphalian 2.5Re5teath Cheshire Basifjamurian 2.6, Visean and Tournaisian Sst/Sh 2.7, Visean

and Tournaisian Lmst 2.7B8lagnetic Basement 2.72,@5SI| The well locations are numbered as 1 Coalport G1, 2 Coalport G2, 3-Coddddlath Farri, 5 Ashtrees BH, 6 Hanbtlry7
Trusleyl, 8 Duffield BH and 9 Ironvilie
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Profile 5¢ CoalportG1to Ironville-5 ¢ Southwest-Northeast orientation ¢ Controlled by 9 wells

The southvestern end of the profile begins on the Midland Platforith PermaTriassicsection
cropping out at the surfaceThewell data indicate Permd riassic s@imentsoverlyinga Westphalian
section which in turn unconformably overlies a Lower Palecagtionas shown by the Heath Farm
1 well(Shell, 1984) Furtherto the northeast beyond theAshtrees boreholgethe profile crosses into
the Widmerpool Troughwhere a thick Lower Carboniferous basinal sequeis@reserved The
Widmerpool Trough deepens significantly just to the southeast of giddile, and this probably
accounts for the poor fit between the observed and calculated gravity vallies.northern edge of
the Trough liesd the south of the Ironvilld welland marks the changén the Lower Carboniferous,
from basinal shale deposition in tHeoughto shallow watercarbonatesedinmentation over the Shelf.
The margin of the Widmerpool Troughiso seems to mark the sowtkestern limit of Acadian
deformation and metamorphism in thaorth Midlands since theLower Palaeozoic itronville-5
shows significantly higher maturity and greater deformation thi@same interval ithe wells to the
southand west(Molyneux, 2001; Merriman R et 21993) Aprogressivelylderoutcrop fromPermo
Triassic tdJpper CarboniferoysNamurian andVestphalian is seen at the surfatethe northeastof
the Duffield borehole.Overall, the observed gravity profile is dominated by the shallow basins of low
density Permerriassic sedimentsThe northeastern end of the profile extends onto tigurnley to
StamfordMagneticAnomalymodelled heresimplyas a shallowing of magnetic basemé@ornwell
& Walker, 1989)althoughan alternative interpretationinvolvingOrdovician intrusive rocksas been
suggestedPharaoh, et al., 1993)As for the Furnesblorfolk Anomaly (see Profil®, we preferan
interpretation involving magnetisedimentarysequences in the Ordoviciaaugmentedby Upper
Ordovician igneouactivity.

Distance
Profile | Well Along Profile | TD TVDSS
5 No Well Name X Y (km) (m) TD Formation
5 1 Coalport G1 370940 301040 0 375 Silurian
5 2 Coalport G2 372210 301910 1.5 210 Silurian
5 3 Codsall-1 383331 305375 13.2 1060.3 Silurian
5 4 Heath Farm-1 393325 309256 23.9 17443 Precambrian
5 5 Ashtrees BH 405671 317031 38.5 830.6 U. Carb (Namurian)
5 6 Hanbury-1 414840 326200 51.5 13334 Lower Carboniferous
5 7 Trusley BH 425478 335880 65.9 753 Lower Carboniferous
5 8 Duffield BH 434280 342170 76.7 1155.2 Lower Carboniferous
5 9 Ironville-5 442996 351418 89.4 1215.5 Sequence 1 (Camb-Trem)

Table5 Profile 5 well data
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Profile 6¢ Cloughtonlto Nocton-1 ¢ North-Southorientation ¢ Controlled by 22 wells
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Figure9 Profile 6 Assumed densities aferetaceous 2.3Jurassic B/2.62 (nvertedClevelandasin) Triassic £5/2.65 (Inverted Clevelari8hsin) Permian 2.6Westphalian 5, Namurian
2.7/2.67/2.65 (Densest to the N beneatheveland Basin).ower Carboniferousot modelledand Granite2.6. The well locations are numbered a€lbughtonl, 2 Lockton Easl, 3Fordonl
(offset), 4Langtoft1 (offset) 5Dugglebyl, 6 North Daltonl, 7 Crawberry Hill BH, 8outh Cliffel, 9 Broomfleetl, 10 Alkboroughl, 11 Burton upon Strathet, 12 Broughtor1(A) 13 Glanford
1, 14 Hilbaldstow1, 15 Spitall, 16 West Firsbyl, 17 Spridlingtorl, 18 Cold Hanworti, 19 Dunholmel, 20 Weltonr1, 21 Cherry Wilminghart and22 Nocton1.
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Profile 6¢ Cloughtonl to Noctonr1 ¢ North-Southorientation ¢ Controlled by 22 wells

The profile begins over the southern edge of the Cleveland Blsthis areaa thick Carboniferous
sequencds developed which underwent inversion, initially in thete Carboniferous and later in the
Mesozoiand TertiaryDoornenbalH et al, 2010) A positive residual gravity anomaly at the northern
end of the line is probably related to higher densities associated witlClegeland Bsin uplift and
assumed density values have been increased for the Basin to achieve agreement (see Figure 8
caption) South of the Fordoii well, the surface outcrop changes from Jurassic to Lower Cretaceous
and then to a wide area of Upper Cretaceous Chatther south. Although the profile intersects
numerous wells, penetrationso the Lower Carboniferousection are limited until south of the
Crawberry Hill borehole Only the Weltonl and Noctonl wells towards the southern end of the
profile, reach to prd.ower Carboniferous sedimentherefore the thicknessand lithology of the
Lower Carboniferous is uncleaver most of the profile The presence dfmestone faciesn wellsto

the south and the relatively undeformed characteristics of the segtimuggest that thesouthern part

of the profileis underlain by Lower Carboniferous platform carbonaté®ovethe carbonates are
Upper Carboniferousediments of the Namurian ar@bal Measures whichhin southwards from the
North Daltorl welland outcrop, near the Crawberry Hill borehole, as the Yorkstattinghamshire
CoalBasin. A large negative residual gravity anomaly develapthe vicinity of the Broomfleet,
South Cliffel and Crawberry Hill wells. This low is thought to be due to the presence of the Market
Weighton Granitg(Bott, et al., 1978) Further south, a Jurassic to Permian section overlies Upper
Carboniferous and Lower Carboniferous shelf carbonates that inunconformablyoverlie Lower
Paleozoic metasedimentas proved in the Weltord and Noctonl wells(Merriman R et a] 1993)

The Acadian deformation event is thought to be the cause of this structural and metamorphic break.
Magneticanomalieshave not been modelled as thprofile runs along the strike of tHeurnessNorfolk
MagneticAnomaly

Distance
Profile Along Profile | TD TVDSS
6 Well No Well Name X Y (km) (m) TD Formation
6 1 Cloughton-1 499392 496802 0 2903.7 U. Carb (Namurian)
6 2 Lockton East-1 493711 489826 9 1810.7 U. Carb (Namurian)
6 3 Fordon-1 505834 475713 25.5 2173.1 U. Carb (Namurian)
6 4 Langtoft-1 499340 465196 34.2 1852.5 U. Carb (Westphalian)
6 5 Duggleby-1 488950 465050 37 2853.4 U. Carb (Namurian)
6 6 North Dalton-1 493815 452770 47.8 1513.9 | U. Carb (U. Coal Measures)
6 7 Crawberry Hill BH 487911 435220 61 2446 Lower Carboniferous
6 8 South Cliffe-1 497670 437721 66.4 1059.4 U. Carb (U. Coal Measures)
6 9 Broomfleet-1 439324 427706 74 1979.7 Lower Carboniferous
6 10 Alkborough-1 488345 422644 79 1988 Lower Carboniferous
6 11  |Burton upon Strather-1| 487865 418829 83 1793.7 U. Carb (Namurian)
6 12 Broughton B 1 494627 410760 96.4 1851.8 Lower Carboniferous
6 13 Glanford-1 501745 407278 99 1829.5 Lower Carboniferous
6 14 Hibaldstow-1 498218 401211 104.4 1869.8 Lower Carboniferous
6 15 Spital-1 496533 391145 114.6 1660.2 Lower Carboniferous
6 16 West Firsby-1 498780 384578 121 1673.9 U. Carb (Namurian)
6 17 Spridlington-1 501831 383813 123.7 1774.8 U. Carb (Namurian)
6 18 Cold Hanworth-1 505391 382955 125 1745.8 Lower Carboniferous
6 19 Dunholme-1 500853 379195 127.6 1619.3 Lower Carboniferous
6 20 Welton-1 503612 376807 130.9 2536.7 Sequence 1 (Camb-Trem)
6 21 Cherry Wilingham-1 | 504165 373273 134.5 1565.2 Lower Carboniferous
6 22 Nocton-1 505109 364663 143.1 1153.7 Sequence 1 (Camb-Trem)

Table6 Profile 6 well data
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Midlands Platform to Eastern England (Fenland and AngBasins)

Profile 7¢ NechellsGas WorkBHto 47/29a-1 ¢ Southwest-Northeast orientation ¢ Controlled by 14 wells

SW o4 PROFILE 7 \ Granodiorite NE
120,04 h
8.0
40,04 N - N
— .o AR - :
= —ao.o . /;; Deepening
—80.04 . - . basement
—120.0] Magnetic Shallow non-magnetic basement
—180.03 40,0 8G.0 126.0 - 180.C 200.0
- — = cale Distanae
—— = obs : Northern Flank of (97 Profile 6 N
Gravity [ : - Wash (Boston) —4,00 Halton,:l%legate‘l A e
M . —6.00 ' s
\ Granite =8.00 =— Coningsby-1
ov Rid -10.00 3
Derby Ridge —12.00 T vy — |
Coventry Y RIGE Tiaho E S ST |
. Horst -18.00 e
Knowle Basin s |
Great Osgra d BH
S | .\\qu
Q‘o\
oo Crown Hills BH ;
] b\ ‘
Knighto L <0
—1.000 ot U A N &
E _ - Coal - b ;,,6{)
—2.000 Measures ve House Fa H_ 0
! | |
= —3.000 2.74 Nechells Gas Works BH A, orofie
- 1 0.03 : | e ‘
* —4.000 Granodiorite ————— [ ‘
" 10 kom 30lm 50%m | z
—5.000 2.7 2.71 ,
—B.000 0.03 2.71 0.015 / .
oot | / 0 s0km
" Midlands Platform Fenland / e ——
—8. OO0 ."T'E'.'tExag ].‘D'l approx JE—

Figurel0O Profile 7 Assumed densities are Cretaceou 2urassic 35, PermaTriassic 85/2.4, Westphalian &, Namurian 25, Visearand Tournaisia.65, Igneous and Magnetic Basement
as shown.The well locations are numbered afé&chells Gas Works BRIDove House Farm BBIMerevale2 BH 4 Sapcote Freeholt BH, 5 Leicester Forest Eass Brighton Fields BH

LodgeFarm 2 BH 8 Crown Hills BHD Sproxtonl, 10Great Osgrave Wood BH1Helpringhaml, 12Coningsbyl, 13Halton Holegatel and 14 47/29a-1.
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Profile 7- NechellsGas WorksBHto 47/29a-1 ¢ Southwest-Northeast orientation ¢ Controlled by
14 wells

The southwestern end of the profile crosses the noeisern margin of the Midlands Platforma
regionmarkedby a series of hortsouth trending faults bounding basins in which thick Peffnassic
sectiors are preserved. This includes the Knowle Baginwvhich the Permerriassic section produces
a significant gravity lowThisstructuringgives rise to a rugose appearance to the aghe Lower
Paleozoicstructural surface A localgravity anomal is recognised between the Merevakand
Sapcote Freeholt boreholes and this has resulted from the preseheethickene& PermoTriassic
sectin (Bridge, et al., 1998tonfirmed by the available seismic dgtallsop & Arthur , 1983)The
easternedge of the Midlands Platformust to the west of the Leicestdforest East boreholeis
thought to mark the western edge of Acadian deformatiaith associatedcleavage formation and
enhancedmaturity as compared to the Lower Paleozoic section of the Midlands Plaffidienriman
R et al, 1993; Woodcock, 1991A change in the basement is thought to lie to the ezfidshe Crown
Hills boreholewhich marks the eastern limit @rdovicianTremadociarshaleoccurrencsseenin the
wells. Furthereastin the FenlandArea the wells showa complex picture of igneous intrusions,
widespread indurated and deforme@€ambrian andOrdovician metasedimentstogether with
occurrences oPrecambrian sectianA pronounced magnetic anomaly exists between the Crown Hills
borehole and the Sproxtef well. Thidas beeninterpreted as a granodiorite intrusiofLee, et al.,
1991) Seismic data confirms the presence@drboniferous sectiopreservedwithin grabens and
faulted basinseento the east ofthe CrownHills borehole Moving northeastwards, his complex
geology is hidden beneath a structurally simple, progressively yasgfaceoutcrop rangingfrom
Triassic (beyond Mereval2 boreholg to Jurassic (beyond Lodge Fabwrehole) to Cretaceous
(beyond Halton Holegat&). A residual gravity low between Gogsbyl and Halton Holegaté is
thought to be due to the profile crossing the northern flank of the Boston GrgAiteop, 1987)

Distance

Profile | Well Along Profile | TD TVDSS
7 No Well Name X Y (km) (m) TD Formation
7 1 Nechells Gas Works BH| 409330 288310 0 214 U. Carb (U. Coal Measures)
7 2 Dove House Farm BH | 424740 289090 15.4 527.6 Sequence 1 (Camb-Trem)
7 3 Merevale 2 BH 430010 295090 23.5 86.6 Sequence 1 (Camb-Trem)
7 4 Sapcote Freeholt BH | 446230 294310 39.7 397.8 Sequence 1 (Camb-Trem)
7 5 |Leicester Forest East BH| 452450 302830 50.2 74.7 Sequence 1 (Camb-Trem)
7 6 Knighton Fields BH 459220 301980 56.7 181.4 Sequence 1 (Camb-Trem)
7 7 Lodge Farm 2 BH 460820 304180 59.5 182.6 Sequence 1 (Camb-Trem)
7 8 Crown Hills BH 462450 303840 60.6 202.9 Sequence 1 (Camb-Trem)
7 9 Sproxton-1 484510 323940 90.3 787.6 Precambrian
7 10 [sreat Osgrave Wood BH| 496519 324600 102.4 753.4 Precambrian
7 11 Helpringham-1 517530 338840 127.6 755.3 U. Carb (Westphalian)
7 12 Coningsby-1 524142 353567 143.8 1530.3 Lower Carboniferous
7 13 Halton Holegate-1 543061 365242 166 1942.1 Sequence 2 (Ordovician)
7 14 47/29a-1 574595 364612 197.4 1762 Sequence 2 (Ordovician)

Table7 Profile 7 well data
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Profile 8¢ West of Collington1 to North Creakel ¢ SouthwestNortheastorientation ¢ Controlled byl17 wells

SW 220.0n PROFILE 8 Mon-magnetic basement, anomalies MNE
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Figurell Profile8 Assumed densities atépperCretaceous 3, Lower Cretaceous 2.3urassic 2.35, Perrlaiassic 21(Worcester Grabef.45, Coal Measure2.6, Devonian and Silurian
2.72, Granites2.67, Magnetic Rocks 2.72 Rem Mag 8180°. The well locations are numbered a€dllingtonl, 2 SnitterfieldBH, 3Leamington Spar BH Cubbington HeatBH, SWestern
FieldsBH, 6Burnthurst BH, 7Rytorrl, 8 Home FarnBH, 9Hollowell BEHH100xenan HallBH, 11Thorpe by Water BHL.2 Wittering-1, 13Glintont1, 14 Wisbechl, 15 Wiggenhalll, 16 South
Creakel and 17North Creakel
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Profile 8¢ West of Collingtorl to North Creakel ¢ SouthwestNortheastorientation ¢ Controlled
by 17 wells

The detailed structure shown on
the southwestern end of the
profile over the Worcester
Graben is based upon seismic
interpretation (M Butler personal
communication) In this area, lte

North Cregke-1 —#

Thorpe by Water BH

HE”“* ;f"““m Hall e S main contribution to the gravity
ollowelHBH ofile )
Nvest b ; anomaly appears to be the thick

NteamingtonspasH | PermoTriassic sectionof the

| e " g— t Worcester Graben with an
S < /’7/7\ additional contribution from the

- = : Upper Carboniferous Berkshire

OxfordshireCoal Measures BasinThere appears to benly a minor contribution from the Devonian
and Silurian sedimentsEast of the Worcester Grabethe line continues tocrossthe Midlands
Platform with thin Mesozoic coveabove the Coal Measuresnterval, which in turn overlieshe
relatively undeformedand ummetamorghosed Lower Paleozoic. Northeast of the Snitterfield
borehole, he magnetic data suggest that magnetic basement is relatively shalaiva magnetic
ridge is interpreted This magnetic anomaly is part of the northwest to southeast trenBingingham
Magnetic AnomalyBM of Figure2(d)). Beyondthe Cubbington Heattborehole the Ordovician
Tremadocian shales subcrop tlmal Measure§Old R et aJ 1987)on a northerly extension of the
TamworthAylesbury structural higiMerriman R et al, 1993yhemargin of the Midlands Platform in
this area can be recogniséd the magnetiadataas anarea of shallownon-magnetic basementNo
effect is seen in thgravity data, which is dominatecby an anomaly thought to becaused bythe
Hollowell Granit€Allsop, et al., 1987)To the east athe Hollowellboreholeg a complex of deformed
sediments and volcanics of Precambti@ambriarand Ordovician age®f the Fenland Aredave
been proven by wellsBased on the gravity and magnetics dataeries ofintrusionsthought to be
granodiorites andgranitesare interpreted. Further to the eastTriassicoutcrop gives way to a thick
Jurassigbeyond Cubbington Heathorehole), giving wayto the Cretaceous (beyond Wiggenhall
borehole.

profile 16

55000

Distance

Profile| Well Along Profile | TD TVDSS
8 No Well Name X ¥ (k) (m) TD Formation
8 1 Collington-1 364630 261000 15 1597.7 Precambrian
8 2 Snitterfield BH 423210 260850 81 115.8 U. Carb (U. Coal Measures)
8 3 Leamington Spa BH 430920 265390 a0 56.3 U. Carb (U. Coal Measures)
8 4 Cubbington Heath BH | 433797 269761 95 1143.6 U. Carb (U. Coal Measures)
8 5 Weston Fields BH 434834 268809 a5 1075.3 Sequence 1 (Camb-Trem)
8 6 Burnthurst BH 439185 271701 101 554.4 Sequence 1 (Camb-Trem)
8 7 Ryton-1 437310 273970 100 8384 Sequence 1 (Camb-Trem)
8 8 Home Farm BH 443170 273000 105 150.9 Sequence 1 (Camb-Trem)
8 9 Hollowell BH 468331 271832 130 193.8 Precambrian
8 10 Oxendon Hall BH 473430 282750 142.3 129.5 Precambrian
8 11 Thorpe by Water BH | 488570 296480 162.8 266 Ordovician
8 12 Wittering-1 504920 301845 180 246.6 Precambrian
8 13 Glinton-1 515020 305260 190.7 377.9 Precambrian
8 14 Wisbech-1 540660 308425 216.4 320.9 Ordovician
8 15 Wiggenhall-1 559410 315370 236.5 557.8 Ordovician
8 16 South Creake-1 585730 334019 268.7 730.6 Silurian
8 17 MNorth Creake-1 585660 338630 273.3 780.6 Ordovician

Table8 Profile 8 well data
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Profile 9- Guiting Powerl to Bacton2 ¢ Southwest-Northeast orientation ¢ Controlled by 16 wells
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Figurel2 Profile 9 Assumed densities af@retaceous 2.3, Jurassic 2.B&rmaoTriassi2.45,Coal Measures 2.55. Devonian 2.5 2.55(S#8nite 2.6 (2km Half Strike, profile on SE Flank)
Basement Ridge 2.72, 0.7SP90/ithycombedrarm basalt 2.8, 3.5SI 90°, Deep Magnetic basement 2.72, 0.03®ka8@°at 14km) A background density of 2.72 has been assumed. The well

locations are numbered asQuiting Powerl, 2 Batsford BH 3 Whichford1, 4 ShutfordBH 5Withycombe FarnBH 6 HuscoteBH 7 Lillingstone LoveBH 8 WybostonBH 9 Great PaxtorBH
10 Soham BH11EriswelBH 12 Lakenheatkl, 13 Breckle4, 14 Rockland$, 15 Ellinghani, 16 Bactor?
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Profile 9- Guiting Powerl to Bacton2 ¢ Southwest-Northeast orientation ¢ Controlled by 16 wells

The southwestern end of theprofile crosses the Midlands Platfornin this areaa thick Devonian
sectionunderies the Coal Measuresf the Oxfordshire- BerkshireCoalfield. The Devonianbasin
here called the Wantage Basiis, truncatedto the northeast before the older subcrop of Silurian
section asseen at theBatsfordborehole Movingto the northeast the olderOrdovicianTremadocian
rocks, associated witthe TamworthAylesbury Highnitially subcrop theCoal Measurebut subcrop
the Triassic atthe Lillingstone Lovelborehole (Molyneux, 1991) The magnetic data suggest
contributions from both shallow and deep sources. The desparcemay relate toa basement ridge
at a depth of approximately 2 kifBusby, et al., 2006) the vicinity of the Shutford and Whichford
boreholes The Birmingham Ngnetic Anomaly lies slightly offset to the southwest of theeawhere
the Precambrianis interpreted to bestructurally shallowest Our work suggests a magnetic source
within the Precambrianthis is in line withthe suggestion of it being due tihe plutonic core ofa
NeoproterozoiqCharnian) arcassuggestedy Leg(Lee, et al., 199Busby, et al., 1993However,
the effects ofyounger shallower volcanicare also seenprobably associated with the Withycombe
FarmPrecambrian hsaltwith possibly additional contributions from Carboniferous volcaniigassic
rocksoutcropat the surface over this area of the profiltheeasternmargin of the Midlands Platform
is thought to represent the western edge imitense Acadian deformationbased on maturity and
structural data(Merriman R et al, 1993; Woodcock, 1994ndlies just to the easof the Lillingstone
Lovellborehole This edgeappears to be coincident witthe western edge ofthe LutoriCambridge
Basin(Allsop, 1985)thoughtto have aDevoniarfill. The centre of this basin is undrilled and therefore
the nature and thickness of the filfeunproven The magnetic basemedeepenssignificantlyacross
this edgeinto the Angliam Basin andhe bland signatureof the magnetiadatasuggests the absence of
intrusions or volcanics.The LowerPaleozoicsubcrop beneath the Mesozoicyoungs from the
OrdovicianTremadociar(at Wyboston)o OrdovicianLlanvirn(at Great Paxtonpefore Siluriarrocks
are encountered in the Sohaborehole A short wavelength magnetic anomaly occurs between the
Great Paxtorl well andthe Soham borehole. This is thought to be associated with the
Upwood/Warboys dioritentrusions (Allsop, 1985) The Silurian subcrop continues to the east before
Ordovician sectioragainsubcrops beneath the Mesozoic and Permiaas proved by the Bactea
well. At the surface the outcropof Jurassicedimentss overlain byJpperCretaceousocksnear to
the Sohamborehole The Mesozoic and Permian sectibitkens,and the top Carboniferous deepens
towards the coastsithe Southern North Sea Permian Baisimapproached

Distance
Profile Well Along Profile
9 No Well Name X Y {km) TD TVDSS (m) TD Formation
9 1 Guiting Power-1 408550 224510 0 1934 Upper Devonian
9 2 Batsford BH 421500 234700 16.5 402 Silurian
9 3 Whichford-1 432660 234889 27.6 177 U. Carb (U. Coal Measures)
9 4 Shutford BH 440110 239970 36.7 849 Upper Devonian
9 5 Withycombe Farm BH | 443190 240170 39.8 921 Precambrian
9 6 Huscote BH 446891 242422 46.2 611 Sequence 1 (Camb-Trem)
9 7 Lillingstone LovellBH | 471969 241972 71.3 299 Sequence 1 (Camb-Trem)
9 8 Wyboston BH 517590 257230 117.3 220 Sequence 1 (Camb-Trem)
9 9 Great Paxton BH 520880 263890 124.7 178 Ordovician
9 10 Soham BH 559250 274470 164.5 237 Silurian
9 11 Eriswell BH 574250 278860 180.2 197 Silurian
9 12 Lakenheath-1 574800 283000 184.3 209 Silurian
9 13 Breckles-1 595510 294690 208.1 201 Silurian
9 14 Rocklands-1 599520 296700 212.6 318 Silurian
9 15 Ellingham-1 602620 298470 216.2 337 Silurian
9 16 Bacton-2 633386 334458 263.5 1524 Ordovician

Table9 Profile 9 well data
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Profile 10 - Cooles Farri to Lowestoft BH; Southwest - Northeast¢ Controlled by 16 wells

SW 120.0y M tic PROFILE 10 Long wavelength magnetic anomalies modelled as basement NE
1oo.c1lViagnetics NE continuation of
80.0] . topography at 6-10km (beneath model shown below)
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Figurel3 Profile 10 Assumed densities afieertiary 2.25Cretaceous 2.3, Jurassié,ZermaTriassic 2.4, Coal Measures 25, Devonian 55 and 2.65 for deep basiGranite 2.6, Basement
Ridge 2.72, @4 SI(W) 0.02SI(E) A background density of 2#as been assumed. The well locations are numberecCasles FarAl, 2Highworth1, 3Faringdonrl, 4 Apley BarrBH 5 High
CogdesBH 6Barnard GatBH 7Noke HillG1, 8 Wescott2 BH 9 TattenhoeBH 10Ashwelll, 11Little Chishilfl, 12Saffron WaldeiBH 13ClareBH 14 StowlangtoftBH 15Four Ashed, and
16 LowestoftBH
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Profile 10- Cooles Farri to Lowestoft BH; Southwest - Northeast¢ Controlled by 16 wells

The profile begins in the west
within the Worcester Graben
where thick Jurassic and
PermoTriassic section overlies
thick Tremadocian  rocks
penetratedby the Cooles Farm
well (Molyneux, 2010a; Shell,
1975) To the eastthe profile
crosses the eastern margiof
the WorcesterGrabenwherea
thick Devonian sequence is
: developed Seismic data
3 : demonstrate that a Burian
sequence conformably underlles the Devonian but unconformably ovetles Ordovician
Tremadocian sequencdheUpper Carboniferous coslearing sequence of the Berkshi@xfordshire
Coalfield overlies thick Devoniansection(Butler, 2018) here called the Wantage Basin (¥@efile
17). The profile crosses the southern end of the Birmingham Magnetic Anomiltyan additional
magnetic high (between 80 and 120km) possibly related to the northeasterly continuation of the
magnetic anomaly associated with the Siluniarcanicsin the Bicester well The Paleozoisection
rises ands truncatedon the flanks of th&amworthAylesburyHigh by erosion and truncatiobelow
the Mesozoichut also possibly by pinch auGravity data over the High suggest that it may include a
granitic intrusion named as the Steeple Aston Granifgossibly a artherly extension of the
Reading/Sonning granite trendHere the OrdovicianTremadocian section subcropmhirectly the
Jurassigcthe Triassihavingpinched out and been overlappedn the flanksof the High. Furthereast

a negative residuagravity anomaly is recognised below the Jurassic and Cretaceous cover, which is
thought to be caused bg basinakequence with Devonian fifthe LutoriCambridgeBasin(Allsop,
1985) see profile 9) This basin is thoughbtstraddle the eastern margin of the Midlands Platform
definedon the magnetic data which shows a significant deepening to theietsthe Anglia Basin
Within the Anglia Basin a thick Silurian sequence subcrops tGeetaceous Since all the wells
confirm a consistent Silurian subcrdpe variations in the gravityesponsesuggesthickness changes
and/or lateral variations in the densityf the Silurian interval

=~ Stowlangtoft BH =\,

™ saffron Walden BH

Profile 12

profile 18

Profile| Well Distance
10 No Well Name X Y Along Profile | TD TVDSS (m) TD Formation
10 1 Cooles Farm-1 401641 192135 0 3418 Sequence 1 (Camb-Trem)
10 2 Highworth-1 418314 191528 16.5 1057 Silurian
10 3 Faringdon-1 432240 193980 30.5 863.5 Upper Devonian
10 4 Apley Barn BH 434380 210660 46.5 14213 Lower Devonian
10 5 High Cogges BH 436670 209218 47 1067.2 U. Carb (U. Coal Measures)
10 6 Barnard Gate BH 441688 210205 53 874 Upper Devonian
10 7 Noke Hill G1 453870 212861 65.5 151.8 Upper Devonian
10 8 Wescott 2 BH 470960 216490 83 95.6 Sequence 1 (Camb-Trem)
10 9 Tattenhoe BH 482890 234370 105 110.8 Sequence 1 (Camb-Trem)
10 10 Ashwell-1 528600 239000 150 124.7 Upper Devonian
10 11 Little Chishill-1 545280 236370 167 153.6 Lower Devonian
10 12 Saffron Walden BH 553860 238400 176 256.9 Lower Devonian
10 13 Clare BH 578380 245370 201.5 222.7 Silurian
10 14 Stowlangtoft BH 594750 268820 230 257.6 Silurian
10 15 Four Ashes-1 602230 271860 238 238.4 Silurian
10 16 Lowestoft BH 653830 292590 294 554.7 Silurian

Tablel0O Profile 10 well data
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Profile 11- Strat Al to Saxthorpd. ¢ Southwest-Northeastto Lowestoft, then Northwest to Saxthorpel ¢ Controlled by 13 wells

SW120 o] Magnetic Shallower PROFILE 11 Deeper Magnetic basement - Long wavelength magnetic NE
ool TN Magnetic anomalies modelled as basement topography at 9-11km (beneath
P ~ Basement model shown below)
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FHgure 14 Profile 11 Assumed densities are TertiarBXretaceous 2.3, Jurassid2.PermaTriassic 5, Devonian 2.5, Granite 2.66, Basement Ridge 212, SI A background density of
2.72 has been assumed. The well locations are numbere8taatiAl 2 Streatham Common BB Beckton BH4Fobbing 12 BHs Canvey Island Bl WeeleyBH 7 StuttonBH 8 HarwichBH
9 LowestoftBH 10Somertonl, 11East Rushtoi, 12Bactor2, and13 Saxthorpel.
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Profile 11- Strat Al to Saxthorpel ¢ Southwest-Northeast to Lowestoft then Northwest to
Saxthorpel ¢ Controlled by 13 wells

Saxthbrpe 1
East Rushto

Sgfnerton-1 \

Stutton BH
Weeley BH

gacton-2
J

N

Lowestoft BH\Q

Profile 11 l/

Profile 12 \

dy Island BH

SOO00 m

=

The western end of the profile is on the
edge of the Warlingham residual gravity
anomaly Here Upper Cretaceous and
Jurassic sequences overldeformed
LowerQOrdovicianagedsediments in the
Strat A1 well(DTI, 2006) The profile
runs along the north side of the
anomaly encountering Lower Devonian
sediments in the Streatham Common,
Beckton, and Canvey Islarmbreholes
(Smart J et al 1964; Molyneux, 1991)
Common to all of these wells, the
sequences show the effect of
deformation thought to be due to the
Variscan Orogeny. At the surface,
Tertiary beds of the London Basin overlie
the Upper Cretaceous sediments that
directly overlie the deformed Devonian.
The northeastern margin of the
Midlands Platform is coincident with a
small, circular gravity anomaly thought

near Canvey Islan(Rabae & Kearey, 19973ee Profile

to be due to the presence of a granite
13). Furtherortheast subcropping the

Mesozoi¢are deformed Silurian sediments of the AngliBasinthat extendas far as the Somerteh
well with Ordovician sediments the Bacton2 well. North of the Lowestoft borehole, the Mesozoic

and Permian section thickens, and the top Paleozoic deepens towards the Southern North Sea
Permian Basin. The gravity anomaly at the end of the profile is thought to show the proximity of a

buried granite in North NorfolkChronston, et al., 1987)

Distance

Profile  Well Along Profile
11 No Well Name X Y (km) TD TVDSS (m) TD Formation
11 1 Strat Al 494780 152780 0 921.1 Silurian
11 2 Streatham Common BH| 529560 170980 39.2 353.9 Lower Devonian
11 3 Beckton BH 542800 181650 56.3 306.9 Lower Devonian
11 4 Fobbing 12 BH 571500 184200 85.1 331.9 Lower Devonian
11 5 Canvey Island BH 582150 183300 95.8 529.5 Lower Devonian
11 6 Weeley BH 614720 221840 146.2 359.4 Silurian
11 7 Stutton BH 615000 233400 157.8 464 Silurian
11 8 Harwich BH 625930 232780 168.7 331.6 Silurian
11 9 Lowestoft BH 653830 292590 234.4 554.7 Silurian
11 10 Somerton-1 646071 321202 265 1396.6 Silurian
11 11 East Rushton-1 635358 326814 277 1522.7 Lower Carboniferous
11 12 Bacton-2 633386 334458 285 1523.6 Ordovician
11 13 Saxthorpe 1 611109 329778 308 938.1 Silurian

Tablell Profile 11 well data
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Eastern Englandqenland Anglian Basin) to Southern England

Profile 12¢ Eakring146to HarwichBHto Bere FarnBH¢ Northwest-Southeast¢ Controlled by 24 wells

NW 90.0] PROFILE 12 Magnetic Deep Magnetic basement - Long wavelength magnetic anomalies modelled SE
Shallow Magnetic - as basement topography at 9-11km (beneath model shown /)
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Figurel5Profile 12 Assumed densities are Tertiar Zretaceous 3, Jurassic 2.5, Perriuiassic 2.5Coal Measures 2.4%/estphalian andNamurian(Sleaford Graber®).55, Dinantiar{Lmst)
2.72, Dinantian (Sleaford Graben) 2.Dgvonian B, Newark Granite 2.65, Spalding/WisbeshWashGranites 2.66, North Fdend Granite? 2.67 Basemenfintrusion1 2.72 1.0SI 96
Basement/Intrusion2.720.38SI 90, Basement/IntrusioB 2.78 0.38SI 90, Basement4 2.73, 0.4SI90A background density of 2.72 has been assumed. The well locations are numbered as 1
Eakring146, 2Newark1, 3 Fostonl (offset) 4 Gables FarmBH 5 Galley HilBH(offset), 6 Helprigham-1 (offset) 7 Spaldingl, 8 Wisbechl, 9Lakenheathl, 10EriswelBH 11CulfordBH 12
StowlangtoftBH 13 StuttonBH 14HarwichBH 15ReculveBH 16 ChittyBH 17 WalmestoneBH 18BarnsoleBH 19WoodnesborougiBH 20BetteshangeBH 21 RippleBH 22 Ringwould

BH 23 OxneyBHand 24 Bere FarnBH
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Profile 12¢ Eakringl46to HarwichBHto Bere FarmBH¢ Northwest-Southeast¢ Controlled by 24

wells

At the northern end of the profileTriassic rocks outcrop and unconformably overlidaalted
Carboniferous section that pinchesit northwest of the Spaldingl well. Below theCarboniferous
section, he well data indicatéhe presence ofleformed Ordoviciamand Precambriametasedimens

Enkiing 14 Profile 7

Newark-1 ]
Gajfles Far H

?©

" Lakenheath-1
Eriswell BH

—
Helpfingham- | N
S &
N S

<

with associatd volcanics. The presence of Cambrian
sediments has also been suggested based on
lithostratigraphic groundsbut the intervals are undated
and have been metamorphosednd deformedmaking
identification difficult. A granite intrusion is thaght to
have resulted in thdow gravity anomaly recognised near
Newarkl (Allsop, 198 And Donato, 2019) Further south
near the Spalding and Wisbechells, a series ofesidual
low gravity anomalies arelso thought to be caused by
granites (Allsop, 1987) A change in magnetic character
occursalong the profile with the higher amplitude and
shorter wavelength magnetic anomalies north of Wisbech
1 being replaced bgmore quiescentand probably deeply
sourced series of weakanomaliesthat characterises the
Anglian Basin This is thought to beaused by the absence
of igneous intrusions or volcanics within thection south
of Wisbechl and by an associatedieepening of magnetic

basement Also, south of the Wisbeeh well, the well data reveah changen the Mesozoicsubcrop
from Ordovician and older metasediments afgheous rockgo a Silurian sectionwhich is less
deformedand metamorphosedMolyneux, 1991; Merriman R et 21993) At the surfacen the same
area Upper Cretaceous section outcrgspping to the souteasttowards the London Basiwhere
Tertiary section ipreserved ThedeeperTriassic and Jurassitervalspinch out southof the Eriswell
borehole,against apalaeohighthought to have a Variscan origirOffshore, suth of the Harwich
borehole a large gravity anomaly exist$his anomalynay reflect theexistenceof a granite located
nearby labelled North Foreland Granite on the profiRabae & Kearey, 1990y the presence of a
sedimentary basin with Paleozoic fillOnshore in Kentan Upper Paleozoic basin is developed
containingthe Upper CarboniferousWestphaliaraged Coal Measures of the Kent Coalfigith
underlying Lower CarboniferopBevonianand Lower Paleozoisediments.
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Distance

Profile | wWell Along Profile
12 Mo Well Name X ¥ (k) TD TVDSS (m) TD Formation
12 1 Eakring 146 468073 359484 0 21743 Sequence 1 (Camb-Trem)
12 2 Mewark-1 482900 352440 16.5 725 Lower Carboniferous
12 3 Foston-1 484894 341459 23 7189 Sequence 1 (Camb-Trem)
12 4 Gables Farm BH 504530 343280 394 974.1 Lower Carboniferous
12 5 Galley Hill BH 505454 323314 59 5E3 Sequence 1 (Camb-Trem)
12 B Helpringham-1 517530 338840 50 755.3 U. Carb {(Westphalian)
12 7 Spalding-1 524345 314782 74 4862 Sequence 1 (Camb-Trem)
12 3 Wishech-1 540660 308425 917 3209 Ordovician
12 9 Lakenheath-1 S74800 283000 1345 2084 Silurian
12 10 Eriswell BH 574250 278860 1387 1871 Silurian
12 11 Culford BH 583100 271070 150 166.7 Silurian
1z 1z Stowlangtoft BH 594750 268820 162.3 2576 Silurian
12 13 Stutton BH 515000 233400 203.2 44 Silurian
1z 14 Harwich BH 625930 232780 214 3316 Silurian
1z 15 Reculver BH 5622680 169000 277 310.6 Lower Devonian
1z 16 Chitty BH 623120 164770 2822 612 6 Lower Devonian
12 17 Walmestone BH 626000 159230 2BB.6 674.2 U. Carb (U. Coal Measures)
12 18 Barnsole BH 628246 156781 2916 B16.1 Lower Carboniferous
12 19 Woodnesborough BH | 629780 156480 2934 7B6.4 Lower Carboniferous
12 20 Betteshanger BH 632640 1523930 2979 Be4.1 . Carb (U. Coal Measures)
12 21 Ripple BH 634330 149980 3014 o90.3 Lower Carboniferous
12 22 Ringwould BH 535230 148120 3034 10307 Lower Carboniferous
12 23 Oxney BH 635220 146950 3047 1094 5 U. Carb {U. Coal Measures)
12 24 Bere Farm BH 633360 143840 308.2 785.2 . Carb (U. Coal Measures)

Tablel2 Profile 12 well data
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Profile 13- Ware BHto St MargaretsBH¢ North-Southeastorientation ¢ Controlled byl1wells
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Figurel6 Profile 13 Assumed densities afertiary1.95 UpperCretaceous 2, Lower Cretaceous 2.3urassic 2, Coal Measures 2.Bevonian 2.5/2.6(F), Granite 2.66Deep Magnetic
basement 2.720.015 SI 90° A background density of 2.72 has been assumed. The well locations are numbééaraBH 2 Beckton BH3 Cliffe Marshes BH!l Bobbing BH5 ChilhamBH
6 Lower HadresBH, 7Bishopbourne BH, 8Barfreston BH9Maydensole BHLOOxney BH andl1 St Margarets BH
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Profle 13-2  NB . | (2 { g Naath-S9dEHedsBriemadion ¢ Controlled by 11 wells

The northern end of the lineuns down thesouthern extensiorof the DevonianLuton/Cambridge
Basin(Allsop, 1985}hat appears tdie across the fault zone forming thmundaryof the Midlands
Platformwith the Anglian Basin. The Ware borehole lies onrerthwestsoutheasttrending narrow
Silurian ridgeandtherefore the gravity modelling along the strike of the ridgay be unreliable To
the south of the Ware wellDevonian intervals in the wslishows dips indicative ofVariscan
deformationinthe area These sequences lie below the Upper Cretaceous and Tertiary dolemge
circular, residual gravity anomalies adjacent tothe fault zone forming the eastern margin of the
Midlands Platform. There aredifferent options for the interpretation othis Canvey Island residual
gravity low; a granit¢Rabae & Kearey, 1993) thickened lowdensity Devonian basifAllsop, 1985)
and(Smart J et a1 1964) or a combination of bothSince theBobbing and Cliffe Marshes boreholes
both lie within the area of the residual low armbth provedto be missingDevonian sectionour
preference is for the granitic block interpretation optiorihe magnetic data suggest a change in
magnetic basement depth with shallower basement north of @anvey IslanGranite(in agreement
with Profile 14 belowput the magnetic modelling is considered unreliable as a result of the marked
WR23f STQ ASputrEast@ the MNifke MarshEsdoreholSilurian and Ordovician sediments,
thought to have been deformed during the Acadia®@rogeny, are developed. Soutteast of the
Chilhamborehole a soutleasterly thickening wedge obevonian and Lower Carbonifeis underlies
the Mesozoic cover. Thick Upper Carboniferous Westphalismyed Coal Measuresf the Kent
Qoalfieldare developedrom the Barfreston borehol¢o the end of the profile

Distance
Profile | Well Along Profile
13 No Well Name X Y (km) TD TVDSS (m) TD Formation
13 1 Ware BH 535310 | 213980 0 220 Silurian
13 2 Beckton BH 542800 | 181650 33 307 Lower Devonian
13 3 Cliffe Marshes BH 571850 | 178580 62 323 Silurian
13 4 Bobbing BH 587480 | 165180 83 348 Ordovician
13 5 Chilham BH 608800 | 154550 107 369 Silurian
13 6 Lower Hadres BH 614150 | 152890 112 460 Upper Devonian
13 7 Bishopsbourne BH 619100 | 152900 117 930 Lower Carboniferous
13 8 Barfreston BH 626610 | 150270 125 955 U. Carb (U. Coal Measures)
13 9 Maydensole BH 631680 | 147450 131 1069 U. Carb (U. Coal Measures)
13 10 Oxney BH 635220 | 146950 135 1095 U. Carb (U. Coal Measures)
13 11 St Margarets BH 636650 | 145330 137 1137 U. Carb (U. Coal Measures)

Tablel3 Profile 13 well data
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Profile 14- Ware BHto Fairlight1 ¢ North-South orientation ¢ Controlled by 9wells
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Figurel?7 Profile 14 Assumed densities are Terti&)?, Upper Cretaceous3b, LowerCretaceous 2, Jurassic 85/2.62(centralinvertedsection) Triassic 2.5, Lower Carboniferous 2J%,
LDevonian 2.8/2.6 (south) Tremadociar.67, MagneticBasement 2.720.015 Sl A background density of 2.72 has been assumed. The well locations are numbered as 1 WeuenBiid 2
BH, 3BecktonBH,4 Knockhohl, 5Shipbournel, 6 Ashourl, 7 Wallcrouchl, 8 Brightling1 and 9Fairlight1.
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Profile 14- Ware BHto Fairlight1 ¢ North-South orientation ¢ Controlled by 9 wells

The northern end of the line is locategarthe western edge of the AnglicBasin. Gravity modelling
at the northwestern end of the profile is unreliable as the Ware borehotaasight to belocated on
anarrow, northwestsoutheasttrending, Silurian ridge, flanked by Devonian sectigithe surface
the UpperCretaceous section outcropwith Tertiarysediments outcroppings the London Basin is
reached. A significantnegativeresidualgravity anomalyWarlingham AnomalyKearey & Rabae,
1996) presents a problem with interpretatio(see Profiles 15, 18 and 1P In this profile it is
explained bya dramatic thickening of the Paleozoic section, possibiyprising thick Devonian and
Tremadocian s#iments (see the analogoudeep basin proverboth by drilling and seismic datat
approximately 40km along Profile 18 This is partially confirmed by theresults of the wells at
Turnford, Willesden and Meux Brewery (Tottenham Court Redwre thick Devonian sediments
were encountered The northernmargin of the WarlinghamAnomaly is associatedvith an
interpreted zone ofVariscan deformatiotthat runs to the northeasaind crosses the profileetween
the Ware and Beckton boreholesligh dips in the Devoniaiand an older subcromre seen in wells
to the southof this linewith lower dipsand younger Devonian subcrapwells to the north.A major
change andoutherlydeepening of the magnetic basemearte coincident with this deformation zone
(see Profile 13 aboveWwith the WarlinghamAnomaly bcated immediatdy to the south. The
Knockholtl welllies close to the northern edge tifie Weald Basin.The profile then crosses the
centre of theWeald Basinwhere a thick inverted Mesozoic sectiagspreserved tathe southern end
of the profileat Fairlightl.

Profile| Well Distance
14 No Well Name X Y Along Profile | TD TVDSS (m) TD Formation
14 1 Ware BH 535310 | 213980 0 220 Silurian
14 2 Turnford BH 535965 | 204416 10 247 Upper Devonian
14 3 Beckton BH 542800 | 181650 33 307 Lower Devonian
14 4 Knockholt-1 548900 | 159110 57 999 Lower Devonian
14 5 Shipbourne-1 557290 | 152025 68 1505 Silurian
14 6 Ashour-1 556400 | 144240 76 1560 Lower Carboniferous
14 7 Wallcrouch-1 566057 | 129803 93 1377 Lower Carboniferous
14 8 Brightling-1 567250 | 121820 101 1353 Upper Devonian
14 9 Fairlight-1 583400 | 112500 120 1271 Upper Devonian

Tablel4 Profile14 well data
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Profile 15¢ Westham1 to ChalgroveBH¢ Northwest-Southeastorientation - Controlled by13 wells
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Figurel8 Profile 15 Assumed densities are Terti&y25 Upper Cretaceous3.Lower Cretaceous4b, Jurassic B85 & 2.6 (Inverted Weald)ower Carboniferous 2.Paleozoic Basin Option
2.57, GraniteOption2.62, Sonning Granite 2.6, 0.02 Beep Magneti®asement 2.720.04Sl A background density of 2.72 has been assuriied.well locations are numbered a€halgrove
BH,2-Langley BH,-Richmond BH,-&treatham Comion BH, 5Warlingham BH, #almers Wood.,, 7-Bletchingleyl, 8Lingfield1l, 3Holtye 1, 10Ashdownr2, 11-Rotherfieldl, 12Hellingly2,
and 13Westhaml.
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Profile 15¢ Westham1 to Chalgrove Blq SoutheastNorthwest orientation - Controlled by 13 wells

The profilestarts at the Westhari well, close to the south coast, antbsses the Weald Basimhere

a thick Jurassic section is developed beneath Cretaceous rocks at the surfecaorthern edge of

the Basinis crossed adjacent to the Bletchingléyvell, coincident with thesouthernedge ofUpper
Qretaceous outcrop.North of the well there is asignificantnegativeresidual gravity anomaly, the
WarlinghamAnomaly As mentioned earlier,his anomaly is difficult tanterpret, and alternative
options exist. In this profile, it is suggested that the low may be dua tihicklow-densityPaleozoic
basin as shown irthe BasinOption(red dashed curve) Alternatively, theobservedanomalyis
similarin both wavelength and amplitude the Sonning Granite gravity loand thismay suggest a
Wranite OptioM)blue dottedcurve) Athird alternative Kearey andRabae(Kearey & Rabae, 1996)
proposea major thrust above a wedgef low-densityUpper Paleozoic rockd-or further discussign

see Profilesl4, 18 and 19. Further north Tertiary section outcrops and dips to the north into the
London BasinA positivegravity anomaly on the nortkide of the Warlinghaminomalymayreflect
possible inversioeffects of Variscan tectonison Upper Devoniaand oldersequencesnd/or more
indurated Lower Paleozoic section associated with a southeasterly extension of the Tamworth
Aylesbury High.North of the Richmondorehole the Cretaceous and Tertiastrata at the surface

dip to the south. A significant negative gravity anomaty the saith of the Chalgrovédoreholeis
thought to be caused by the presence of the Sonringnite (Rabae & Kearey, 1997)n common

with some other granites, flanking magnetic anomalies may be seen, thought to be related to the
lower susceptibility granite intruded into more magnetic basemeft.the Chalgrovéorehole the
LINE FAE S WR2 3-eaStaAnt@ntinuesas iPiofie 1§ 1IN K

Distance

Profile| Well Along Profile
15 No Well Name X Y (km) TD TVDSS (m) TD Formation
15 1 Chalgrove BH 465650 | 196200 19 253 Lower Carboniferous
15 2 Langley BH 502000 | 179600 59 326 Upper Devonian
15 3 Richmond BH 517640 | 174690 75 435 Upper Devonian
15 4 Streatham Common BH | 529560 | 170980 87 354 Lower Devonian
15 5 Warlingham BH 534760 | 157190 102 1448 Lower Carboniferous
15 6 Palmers Wood-1 536445 | 152623 107 1319 Upper Devonian
15 7 Bletchingley-1 536225 | 147727 112 1784 Lower Carboniferous
15 8 Lingfield-1 538664 145172 116 1618 Middle lurassic
15 9 Holtye-1 544743 | 139773 124 1790 Upper Devonian
15 10 Ashdown-2 551070 | 129240 136 1562 Triassic
15 11 Rotherfield-1 551850 | 126249 139 1362 Lower Carboniferous
15 12 Hellingly-2 558872 | 114656 153 940 Lower Carboniferous
15 13 Westham-1 560970 | 105350 162 1589 Upper Devonian

Tablel5 Profile 15 well data
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Profile 16- ChalgroveBHto Bacton2¢ Southwest-Northeast orientation - Controlled byl1 wells
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Figurel9Profile16 Assumed densities are Tertiary 2.25, Upper Cretaceous 2.3, Lower Cretaceous 2.45ddrBsagsi@.55,Permian 55, Devoniar?.5, Sonning Granite 2.6, 0.02[3¢ep
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Profile 16- Chalgrove BH to Bacte ¢ Southwest-Northeast orientation - Controlled by 11 wells

This profile commences at the Chalgrdyarehole corresponding to the northwestern end Bfofile

15, with Devonian sediments subcropping the Mesozgiorton et al, 1995) Northwest of the
Chagrove borehole,the subcrop to the Mesozoic changes from Devonian to Ordovician Tremadocian
as theTamworthAylesbury Higlis crossed.To the north in the vicinity of the Little Chishill well

and Cambridge boreholes, a Devonian b&sdia Luton/Cambridge Basin 8flsop,(1985) is thought

to be present adja@nt to the eastern edge of the Midlands PlatfornBeyond the Cambridge
borehole deformed Silurian sectioaf the Anglian Basisubcrops the MesozaidVlagnetic basement

is thought to be deepand the Siluriarsection is believedo have undergone burial anthen uplift
during the Acadian deformation everiBeyond the Breckleswell, the Mesozoic and Permian section
thickens,and the top Paleozogurfacedeepens towards the Southern North Sea Permian Basin, with
Ordovician sequences subcropping in the Bacavell. A small residual gravity low can be seen near
the northeast end of the profile due to proximity to the North Norfolk Grag@aronston, et al., 1987)

Profile | well Distance TDTVDSS
16 No Well Name X Y Along Profile (m) TD Formation
16 13 Chalgrove BH 465650 196200 144 253 Lower Carboniferous
16 14 Tring-1 491210 210360 173 152 Sequence 1 (Camb-Trem)
16 15 Little Chishill-1 545280 236370 233 154 U.Devonian
16 16 Cambridge BH 543140 259450 256 240 U.Devonian
16 17 Soham BH 559250 274470 278 237 Silurian
16 18 Eriswell BH 574250 278860 294 197 Silurian
16 19 Lakenheath-1 574800 283000 298 209 Silurian
16 20 Breckles-1 595510 294690 322 291 Silurian
16 21 Rocklands-1 299520 296700 326 318 Silurian
16 22 Ellingham-1 602620 298470 330 337 Silurian
16 23 Bacton-2 633386 334458 377 1524 Ordovician

Tablel6 Profile 16 well data
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Profile 17 ¢ Midlands Platform- Cooles Farrd to Little MissendenBH¢ West-Eastorientation ¢ Controlled by6 wells
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Figure20 Profile 17 Assumed densities are Cretace@umitted from profile, thin sectionjurassic 2, PermeTriassic 85, Coal Measures 2.5&8arboniferous Volcanics 2.72, 2.7S| 9pper
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Profile 17- Cooles Farri to Little MissendenBH; West-Eastorientation ¢ Controlled by 6 wells

The western end of the line begins at Cooles Farm the southern end of theNorcesterGraben
where thick Triassic and Jurassidisgents unconformably ovesl a thick Tremadocian section.
Beyond the astern margin of the grabeya LowerDevonian to Siluriasequence islevelopged which
thickensto the east.The sequence also thickens considerably to the northsaudh of the profile as
defined by well and seismic dafButler, 2018)forming a northsouth trending basin divided into two
sub-basins, one to the north and one to the south of the town of Wantayye suggest theomposite
basin be named the Wantage Baésee Profile 10) This sequence is overlain bByidely developed
sequence ofDevonianunconformably ovedin by theUpper Carboniferou€oal Measures of the
BerkshireOxfordshire Coalfield. ThinCoal Measureg7m) possibly penetrated in Highworth1
(missing in Faringdeh) have been excludeddm the model. The Upperand Lower Paleozoic
intervals thin and are eroded andpinch out below the Mesozoic as thetervalsrise towards the
TamworthrAylesbury HighThe Triassic beddsothin andpinch outon theflanks of thehigh. At the
surface Cretaceous beds crop oaastof the Aston Trrold borehole(this thin sectionis not included
in the model. The significant residual gravity anomadgst of the Harwell3 well, is thought to be
due to the presence of th®eadingand SonningGranites. Theranite model will be approximate
since the profile passes between the centre of the two closplyced granite blocks.Shallow
Carboniferous volcani¢e.g.a 13m sectiorof volcanics wapenetrated in the Aston Tirrold borehole
at a depth ofapproximately 700mproduce short wavelength magnetic anomalies superimposed
upon longer wavelengtfeatures thought to originate frommagnetichasementat a depth of at least
2km andflanking the noamagneticgranitic corebelieved to be PrecambriarThe residual gravity low
on the southwest end of the profile probably originates fraimick Tremadocian sectigseen in the
Cooles Farni well and not included in the model profileut included in Profile 18 belaw

Profile| Well Distance
17 No Well Name X Y Along Profile | TD TVDSS (m) TD Formation
17 1 Cooles Farm-1 401641 | 192135 0 3418 Sequence 1 (Camb-Trem)
17 2 Highworth-1 418314 | 191528 17 1057 Silurian
17 3 Faringdon-1 432240 | 193980 31 864 Lower Devonian
17 4 Harwell-3 446801 | 186441 47 428 U. Carb (U. Coal Measures)
17 5 Aston Tirrold BH 455790 | 187220 56 689 Upper Devonian
17 6 Little Missenden BH | 490090 | 198180 98 245 Silurian

Tablel7 Profile 17 well data
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Profile 18 - Cooles Farri to Shipbournel ¢ West-East orientation - Controlled byl3wells.

Figure21 Profile 18 Assumed densities afkertiary 2.3, Uppe€retaceou®.35 Lower Cretaceous 2.3%rassic 5, PermaTriassic 2.3%Worcester Graben) and 2.5 (Inverted Weakthal
Measures 2.55, Carboniferous Volcanics 2&®, mag 3.51 90, Devonian 2.6%upper pars), 2.7 (lower part) and 2.67 (lower part Warlinghafjemadocian 2.6MagneticBasement 2.72,
rem magl.6Sl 90 (west),1.3SI 90 (central) and1.0SI 90 (east). A background density of 2.72 has been assunwdlls are numbered as 1 Cooles Farn2 Highwortkl, 3 Faringdofl
(offset) 4 Maddle Farm BKbffset), 5Welford Park BH6 Burnt Hill BH, Bonning Eyé&, 8 Langle8H 9 Harmondsworth BH, 10 Richmond BH, 11 Streatham Common BH, 12 Kribekigolt

13 Shipbournd..

45



