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ABSTRACT

The stratigraphyanddepositionaihistory of theTriassicof the 11K Cen-
tral North Seahasbeenstudiedusinga combinationof litho andmagnetos-
tratigraphictechniques.Depositional sequencesaud facieseyelewedgesre-
presentmajor phasesof alluvial plain/lacustineprogradationandretrogra-
dation.Threemainsequeneesas,namedTRI, TR2 andTR3 arerecognised
in which thepeakretrogradationboundariesareidentffiedat the high gam-
ma apexon upwaird-finingprofiles,

In orderto testtheehronostratigraphicsignificanceof flie lakemargin lb-
oding surfacesadetailedmagnetostratigraphicstudyof theTR2/TR3boun-
dary hasbeenundertakenin five wells from theMamock,Drakc,Fiddiehaud
Skuafields. The resulisindicatethat significant improvementscanbe made
to thesecorrelationsehemeswhich arebasedoil hthofaciesstackingpatterns
interpretedfrom coreandwireline bogresponses.Theresulisindicatethatthe
TR2/TR3 approximatescboselyfo a chronostratigraphicboundary,at least
on a field wide seale.
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RESUMEN

Serealizael estudiode la Estratigrafíaehistoriadeposicionaldel Triási-
(:0 Británico dela cuencaCentraldelMar del Norte utilizandounacombina-
ción detécnicaslito y magnetoestra-tigráficas.Lassecuenciasdeposicionales
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y los ciclosde prismasde facies,representmepisodiosmayoresde prograda-
ción y retrogradación asociadosalos depósitosdc llanurade inundación/la-
custres.El momentode máximaretrogradaciónde lastressecuenciasprinci-
pales,denominadasTRI, TR2y TR3, seestablececomoelvalormáximodel
gammaray de los perfilesgranodecrecientesde las diagrafías.

Con el objetode verificarel significadocronoestratigráficode las superfi-
cies de inundaciónasociadasa los márgeneslacustres,se realizó un estudio
magnetoestratigráficodel límite TR2/TR3encincosondeosrealizadosenlos
camposMarnock,Drake,Fiddichy Skua.Los resultadosmejoransignificati-
vamentelas correlacioneslitoestratigráficasestablecidasa partir detestigosy
diagrafías.Los resultadosindicanqueel límite T112/T113sc aproxiinamu-
elio a unaisocrona,al menosaescaladel Campo.

Palabrasclave: Triásico, Fluvial, GrabenCentral,Secuencias,Mar del
Norte.

INTRODUCTION

In order to provide more insight into the stratigraphyand depositional
lústory of the Triassicof the Central North Sea,GAPS GeologicalConsul-
tants(1 992a,b)undertookaregional reviewbaseduponmoretlum 100wells
from thcUIK andNorwegiansectorsof the NorthSeaand basedon detailed
logging and interpretationof 2400 metresof core. In fue study, the strati-
grapbicapproachwas basedon tbe recognition of «depositionalsequences»
and faciescycle wedges,within the Triassicsection.Thesedepositionalse-
íuencesrepreseutmajor pliasesof alluvial plain progradationandretrogra-
dation, in responseto relative changesin baselevel (Figure 1). «Sequence
1)oundanes»are placedat pointsof maxi mum retrogradation,representing
periodsof basinwideexpansion/depositionof amud-doniinatedtloodplain-
lake margin faciesand the regional «shaling-out»of the depositionalsys-
tems.On wireli nc logs, pbasesof retrogradationaredefinedby pronounced
upward-finingprofiles on thegammaray and for the purposesof consistent
correlationthe boundaryin eachcasehasusuallybeenplacedon the higb
gammaapex of the profile. Througha processof well to well correlation
and faciesanalysis,a regionalcorrelationof depositionalsequencesMas es-
tablished.

Resultsof the correlationwork indicatedthattl)e Triassicin theUK Cen-
tral North Seaareacould be subdividedinto threemain sequencesets(ter-
mcdTRI, TR2, TR3>. Furthersubdivisionof TR2 and TR3 into correlata-
ble lower order sequenceswas alsoachieved(Figure 2).

During theearlyTriassic(i.e. SequeneeTRI> muchof the CentralNorth
Seaareawas dominatedby lacustlinesedimentation,characterisedby the dc-
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Fig. 1 —Conceptualdiagi-amil]ustrating sorneof tflc prniciplcs surroundingTriassicscqueiicc
stratigraphy(modified from SteelandRyseth, 1990).Sequenceboundariesarepickedat thele-
ve] of retrogradation
Fig. 1 —Modelo diagraináticoen el queseilustranalgunoselementosdelanálisisestratigráfico
secuencialdelTriásico (modificadode Steely Ryseth,1990). Los límites delas secuenciassede-
finen enel nivel de retrogradaciónmaxuno.

position of syndepositionallyreddenedmudstones.In contrast,for the re-
mainderof theTriassic(i.e. SequencesTR2 andTR3) sand-dominatedfacies
wereprevalent.Faciesanalysis(GAPS, 1 992a,b>hasshownhowthelacustri-
ne sedimentationwas followed by the basinwidcprogradationof an alluvial
systemdominatedby braidedstreamsandsheetfioods.Theseweredeposited
in an alluvial plain setting,downslopefrom basinmargin alluvial fans. Dis-
criminationof thealluvial plain into an uppcr (proximal) and ]ower (distal)
componentis alsopossibleandin generalthedownslopechangofrom theup-
portolower alluvial plain is accompaniedby adecreasein channelisationand
an increasein sheetflooding(Figure3).

Coresedimentologyreveaisthebraidedstreamsto be generallyof art ep-
hemeralnature.Individual ehannelunitsaregenerallythin but frequentlyin-
completedueto tite tendencyfor tbem to be of astacked,mutually erosivo
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Fig. 2.—Relationshipof unpublishedTR sequenceschemeusedin Udsstudyte theLithostrati-
graphyaudchronostratigraphyof theTriassic in theCentralNorthSea.
Fig. 2—Relacióndel esquemade secuenciasTR utiiizadoen estetribajo conla litoestratigra-
fía y Cronoestratigrafíadel Triásicoenel Mar delNorte.

nature.1 lowever, well developedbraidedsystemsdo occurand arepartien-
larly characteristieof SequenceTR3 in UK Quadrant22. Furthermorc,map-
ping of environmentalfaciesindicatesthaIduring tite Triassic,the fluvial sys-
temswere predominanflyfed from anortheasternhinterland.Consequently,
andaspredictedby Ibe regionaldepositionalmodels,braidedchannelsbeco-
me increasinglydominantandcoarsergrainedin tliis direction.This is cvi-
dencedthroughoutthe Triassicsectionin Well 22/5b-5 for examplewhere
depositionoceurredpredominantlywithin a proxinial a]luvial plain setting.

Interbeddedand interdigitating with braidedstream depositsare finer
grainedsheetflooddeposits,titeir presenceindicatingtite presenceof fluctua-
ting disehargeratesduringdepositionof tite fluvial systems.Two maintypes
of sheetfioodarerecognisedin core: i) massive/homogenisedsheetfioodsof
massflow origin, or u) structuredsheetfioodsdominatedby upper flow regi-
me planebed lamination.

The dynamic nature of the braidedfluvial systemsmeantthat over-
bank/abandonmentfines were generallypoorly preservedand laterally im-
persistentwithin the alluvkd plain. Where preservedtheyare generallyof a
thinily interbeddednatureandeommonlyshowincipientpedogeniefeatures.
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1-lowever, more substantialthicknessesof floodplain-lake margin fines do
characterisethe retrogradationálphasestitat mark the end of eachsequen-
ce/subsequeneein TR2 and TR3. In particular, over 100 feet of ?lake mar-
gin mudstonesmaybepresentatthetop of TR2, up fo tite contactwith TR3.

Tite apparenthasinwidecyclicity of Triassicsedimentationindicatedthai
tite allocycliemechanismsaffectingtherelativeriseandfaIl of baselevel on a
basinwidesealewerein operation.Ajtitough thc precisenatureof tite allocy-
clic control is stiil unclear,tite model if correet,gives confidenceto tite ity-
pothesisthatthe depositionalsequencesare timeequiválení.Furtitermoreit
alsosuggeststhe itigh gammaray boundingsurfacesfo depositionalsequen-
ces are «isochronous>~,representingtbe basinwideexpansion/depositionof
floodplain-lakc margin faciesduring aperiod of retrogradationand relative
baselevel risc.

To test tite itypothesisthat tite lake margin flooding surfacesare citro-
nostratigrapiticallysignifieantwe applieda magnetostratigrapitieapproacit
fo onespecific lake margin flooding surfaceat tite boundarybetweenTR2
andTR3 overwliicit therewasavailablecorematerial.Thiswas undertaken
in 5 wells (22/5b-5,22/19-1,22/24b-5ST, 22/24b-7and22/24b-9)from
tite CentralNorth Sea(Figure3). Thc objectivesof thestudywereas follows

* Describethe basicpalacomagnetiepropertiesof the Triassicrockswitit
tbe aim of distinguishingpñmaryandsecondarycomponentsof magnetiza-
tion.

* Estab]isitaTriassicreferencestratigraphyof normalaudreversedmag-
netic polarity for usein locally correlatingcoresfrom developmentwells.

* Testthe magnetostratigrapityagainstthe faciesbasedsequencestrati-
graphyand reviewtite lateralfaciesvariations.

I3ACKGROUND TO THE STIJDY

Magnetostratigraphy,in whichperiodsof normalandreversedpolarity of
tite Earth’smagnetiefleld arerecordedin sedimentarysuccessions,is poten-
tially a very valuabletechniqu.efor subsurfacecorrelation of continentalse-
quenceslike tite Triassic.It is usedroutinely in tite OceanDrilling Projcct
(ODP) on Cenozoicmarinesedimentsandin recentyearsa largenumiberof
land-basedstudiesitave extendedthe magnetostratigraphiesback into tite
earlyMesozoicandeventhePalaeozoic.l-Iowever, tite techniquehasnot yet
l)eendevelopedfor useby tite petroleumindustryaudtherearefew reported
studiesof subsurfacecorrelationor datingbasedon magnetostratigraphy.

In the subsurface-Triassiethereare anumberof potential problemsin
applymgmagnetostratigraphy,the most importantof thescis tite absenceof
a well-constrainedTriassicpolarity stratigraphy(Rey et al. 1993) However,
titere havebeenconsiderablerecentadvancesin titÉ areaandFigure4 sitows
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a Triassic citronomagnetostratigraphyreproducedfrom Gradsteina al
1994. An carlier Triassicmagnetostratigraphywas beenpresentedby Mo]i-
na-Garzael al (1991) but tbis differs significantly from theGradsteinet al.
(op. cit.) particularly in tite chronologicalagesassignedto Triassic Stage
boundaries.Comparisonsbetweenthetwo aretitus verydifficult.

Themain featuresof titepublishedTriassicmagnetostratigrapityarease-
ries of retatively rapid reversáisin tite UpperScythian-LowerAnisianinter-
val generallyreversedpolarity dominated.Longerperiodsof normal andre-
versedpolarity dominatethelateTriassic.Thelithological thicknessof indi-
vidual magnetozonesvanesaccordingtu tite durationof the geomagnetie
polafity andthe rateof sedimentaccumulation(higiter sedimentaccumula-
tion ratesthickenedthe magnetozones).

In tite UK CentralNorth Seathe spatialandtemporalreiationshipbetwe-
en the Skagerrak(sandy)andSmith Bank (sllty> Formationsof the Triassic
remainspoorly undenstuod.In particular, the lack of ebronostratigrapitie
control meanstitat it is difficult to reconstructthe evolution of the Triassic
basin,which in turn maRestite distributionof reservoirsandsdiffic¡dt to pre-
dict. Tite applicationof magnetostratigrapitywitlviin tite confinesof existing
Tniassicstratigraphicsehemesshouldtiterefore not only serveto constrain
and improve tite latter but also help to improvethe uriderstandingof tite
Triassicas awhole.

GEOLOGICAL SETTING

Depositionthroughoutthe Triassic within thc CentralNorth Seaarea
took place within a continentalbasin setting. Palaeoclimatewas predomi-
nantly senil-arid,althoughat timespunetuatedby morehuniid conditions.
Tite earlyconfigurationof tite CentralGraben,whichdominatestite area,is
believedtu havebeenestablishedduringPermian-Triassicnifting. During the
Triassic,sedimententeredthe grabenfrom vanioussources,the mostimpon-
tant of whichwas thenortheasternhinterlandof tite Fenno-SeandianShield.
Otiter tocalised sedimentsourcesmay have included the FladenGround
Spur,the WestemPlatformandthe Mid-Nonth SeaHigh.

ThroughouttheTriassic,movementof theundenlyingZeclisteinsaltexer-
tedastnongcontrol on depositionalpatterns.Thick accumulationsor «pods»
of Triassicsedimentwere depositedwfthin arcasof active salt withdrawal
witereasthinningof thesedimentanysectionoftenoccunnedoversalthighsor
«walls», althoughsecondarydissolutionacnosssalt wall crestsnesultedin
the developmentof localized,secondarysynforms.The geometnyandcon-
figunation of the synforms generatedby salt withdrawal and dissolution
strongly influencedtite directionof fluvial drainage,generallybeing axial
to the graben.
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Fig. 4.—GPTSfor tbe Tflassic(afterGradsteinet al. 1994). ThecentralNorthSeasectioncom-
parescloselywith theAnisian
Fig. 4.—RscniatemporaldePolaridadMagnéticaparae] Triásico (basadaenGradsteinet al.
1994). La seccióndela cuencaCentraldelMar delNortees comparableconel Anisiense.
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In thewells includedin thisstudy,four <22/19-1,22/24b-53T,22/24b-7
and22/24b-9) are locatedwithin the Mamock Ficíd areatu the eastof tite
Forties-MontroseHigh. Seismieevidenee(Smithetal., 1993) hasshownthat
theTriassicseetionwithin eachof tite wells wasdepositedwitliin «pods»or si-
tesof saltwititdrawal that wereessentiallycontinuousin their development
throughouttite Tniassic.Consequently,tliiek accumulationsof Triassicsedi-
ment(in excessof 1500 ft> weredepositedatthesewell sites.In addition,the
generalgeometryof the salt walls meantthatabroadN/S-onientedeonduit
for fluvial drainagewas establishedfrom tite earlyTniassiconwardsfor this
area.

Presenvationof the Triassicsectionin titis areahasbeencomplicatedby
thesubsequenteffectsof saltmovement,pod inversion,Early-MiddleJuras-
sic negionailnplift andLateJurassicnifting. As aresult,variableerosionof tite
Triassicsectionhasoceurredin tite MarnockField ama.Non-deposition/ero-
sionof theJurasgieseetionis aLo clearlyevidencedby tite fact thatin eacitof
the«Marnock»wells tite Triassicisunconformablyovenlainby Cretaeeousse-
dimenís.

Considerablylessinformationis currentlyavailábleregardingthestructu-
ral/halokinetic influenceon Triassic depositionand preservationin Well
22/Sb-5(DnakeField). This well 18 locatedto tite southwestof the Ling Gra-
benwlúch mayto havetormedamajoraxis for sedimenttransportinto the
CentralNonth Seaduringtite Triassic(GAPS, 1 992a,b).Thetliicknessof tite
Triassicsectionin this well againsuggeststhat «pod»developmentmayhave
occurred.Uplift andrifting duningtite Jurassicresultedin tite developmentof
asenesof faultedterraceste tite northwestof the JaerenI-Iigh alongwbich
tite DnakeField (includingWell 22/5b-5)is located.Partialerosionatthetop
of theTniassicsectionis againevidencedin 22/5b-5andothernearbywells
althoughunlike theMamock area,theTniassicheneis unconformablyoven-
1am by Junassicsediments.

PALAEOMAGNETJSM

Measurementsof the weakpermanentNaturalRemanentMagnetisation
(NRM> of sedimentarynocksshowthattheyarecapteof recondingambient
geomagnetiefield changes.The pnesent-dayNRM recordedin sedimentany
rockscanbethe resultof severalcomponentsof magnetization.Thecompo-
nentscan be classifiedinto two main groups:pnimary andsecondary.Ph-
mary componentsof magnetizationcompnisedetrital remanentmagnetiza-
tion (DRM), acquinedduringdepositionthroughrotationof magnetiemine-
mis, and post-depositionalremanentmagnetization (PDRM>, acquined
shortly alten depositionthroughrotationof magnetiemineralsduning com-
pactionand dewatering.Secondarycomponentsof magnetizationcompnise
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chemicalremanentmagnetization(CRM), which is acquiredduningdiagene-
sis, includingtite authigenesisandaiterationof ironoxyhydroxides,resulting
from geochemicaland thenmal effccts respectively.A tliird componentof
magnetization, termed partial titenmal viscous reinanent magnetization
(PTVRM) relatestu thepresent-dayEarth ficíd componentandcanbe used
tú neonientatecores.In addition,otiter secondarycomponentsof magnetiza-
tion maybe acquiredduring dnilling of tite core or pluggingof tite samples,
especiályif tite samplescomeinto contactwith strongmagneticfields or fe-
rrousmatentais.

SAMPLING AND MEASUREMENT

Cores from five wells: 22/ñb-5, 22/19-1, 22/24b-5ST,22/24b-7 aud
22/24b-9totaliing 2083ffwenesampledatapproximatelyO feetintervalsand
pnefenentiallyin finer gnainedunits, witene the magnetieminenaisare hy-
drodynamicallymore suitable for post-depositionalrotation and primary
iron oxidesandoxidesanemore abundant(total of 317samplelocations).
Tite slabbedsurfaceof tite conewas mankedwith an onientationline (Figure
5). Twoplugsweretiten dnilledexacfly nonmalto theslabbedsurfaceat each
samplelocation, eachthenbeingtrimmedwitlí abrassbladeto produce3 or
4 «palacomagnetiespecimens»of 2.2 cm lengthand2.54 cm diameter.Ml tite
palaeomagneticmeasunementsivenetiten maderelativeto theorientationline
andcorrectedsothatthemagneticinelinationswenenelativeto bedding.Sin-
ce tite eoneswereunonientatedah the declinationvaluesareanbitrary.Mea-
sunementsof initial NatunalRemanentMagnetisation(NRM) weremadeon
ahí sampleswhile satunationremarienceandinitial susceptibilityweremeasu-
red on onesamplefrom eaclí location. Thenmal demagnetizationanalysis
wenc aÑo carniedout on onesamplefroto eachsmnplinglocation. Fifty two
samplesiverealsoselectedfon measunementsof isotitermalnemanentmagne-
tization andreflectedfight micnoscopyivasperformedon selectedsamplesin
onderto determinetite magnetiemineralogy.

As tite NRM represcntstheresultantmagnetizationof therock, a key aim
of palaeomagneticanalysisis to distinguishbetweenprimaryandsecondary
componentsof magnetization.Two basicmethodsare employed,alternating
field (AF) andpartial titermaldemagnetization.in continentalredbedslitho-
facies, titermal demagnetizationis consideredtbe mostappropniatebecause
of the higit cocncivityof tite main magnetiemineral.itaematite(Fe9 03). The
specimensareheatedin astepwisefasbion(usually500 intervals)andallowed
to cool in magnetie«field free»space.TitesusceptibilityandNRM ane neme-
asurcóaSireachstepandtite resulisplottedsothatdirectionalandintcnsity
changesmaybe analysed.Titeplotsincludeastereognaphicprojectionwhich
sitows declinationrelative fo the onientationline and inclination relativeto
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UNORIENTED CORE

Fig. 5.—Method of Palaeomagneticsampling of unorientatedcore. (reproducedfrorn Rey
1992>.
Fig. 5—Métodode muestreopajeomagnéticoen testigosno orientados(reproducidodeRey
1992>.
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the palaeoitorizontal(bedding>, anormalizedplol of intensitydecayversus
temperatureandan orthogonal(vector) plot. Tite latter is mostusefulin dis-
tinguishingprimaryandsecondarymagnetizationsbecauseindividual com-
ponentsplol as straigittfine segments.

Typical Triassicinclinationsfor tite CentralNorth Seaareaplot between
20-50v , the rangein valuesreflecting tite relatively rapid northwardmove-
mentof theUK/North SeaareaduringIhe Triassie<Johnson,1993,Johnson
et al., 1995>.SeeondarycomponentsoverprintingtheprimaryTriassicmcli-
nationsarein tite orderof 50~70ofor Tertiary or Recentmagnetizationsin-
ducedduring diagenesisand oil residence.Viscouscomponentsinducedby
the drilling processplot steeply(>75v>. Theuseof orthogonaldiagramsdu-
ring theinterpretationstageenablesdistinetionbetweentite dififerenttypesof
magnetisationsfrom titeir inclination characteristies.Oncethepnmarycom-
ponentsof magnetizationitave beenrecognizedtheycanbe plottedup onfo
the coreto revealwitich partsof tite sectionweredepositedduringperiodsof
normal magnetiepolarity and titose depositedduring periodsof reversed
magnetiepolarity. Componentswith positiveinclination arejudgedto be of
normalpolarityandtitosewith negativeinclinationof reversedpolarity.Cita-
racteristiepatternsof normal andreversedpolarity maytiten allow well-to-
well correlationof corematerial.

MA.GNETIC MTNERALOGY

The magnetiemineralogyof tite specimenswas determinedby buiR rock
magnetiemeasurementtogetiterwith reflectedlight niicroscopy. Curvessito-
wirtg tite acquisitionof isothermalremanenceareshownni Fig. 6. Tite results
indicateawide rangeof beitaviourbut in generaltitere is amarkedcontrastin
beitaviourin sedimentsof differentcolours.Thc redunitssitowmuchlúgherva-
luesof saturationremanence(51KM> (uptu 10,000mA/m) andshowno signof
completesaturation. Tbls is consistentwith te presenceof relatively large
amountsof haematite.Drabunits havemuchlower SIRM’s (nptú 180rnA/m)
andapproacitsaturationvaluesatfields of lessthan0.2Tesla(Fig. 6). In reflee-
tcd figitt microscopytiterearealsomarkeddifferencesin tite two typesof units.

Redunitsshowabundantcoarsegrained(specular)andfine grained(pig-
mentary)haematite.Specularitegrainsaretypically 80-100mm in diameter
and comprise itaeinatite and itaematite with ilmenite exsolution
lamellae.(Fig. 7) A commongrain type arephylloslicates(biotites) partially
to completelyreplacedby haematite(Turner andArciter 1977). Tite specu-
lar- ~grainsaresmallertitantiteassociatedsiiciclasticparticlesandmaysitow
a «floating grain»texture.Thistextureclearlyshowstitat tlíesedetrital grains
werecapte of post-dcpositionailrotationwithin tite fixed frameworkof co-
arsergrainaandcould titus gencrateaPDRM,asdescribedpreviously.
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In eontrast,tite drab units havelittle or no visible haematite.Titanium
oxides are abundantas an autbigeniccomponentbut no magneticoxides
havebeenpositively identified in titesespecimens.Tite IRM curvesandpe-
trograpitieevidenceindicatethatdrab mútsmayhavebeenstrongly leached
by aggressivereducingfhúds. The differencein magneticmineral citaracter
may be due to tite fact that tite JRM’s reflect magnetiteor otiter relatively
magneticallysoftmineralswitich arepresentwithin rock fragmentsandwere
titus protectedfrom leaching.Although tite drabcolourationcanbe attribu-
tedfo acidie fluids associatedwith oil emplacementwe havenot observeddi-
rectly undertite microseopeanyautitigenieoxidesor sulpliidesformedasa
resultof this process.

Fig. 8 sitowsnormalizedintensitydeeaycurvesandchangesof intitial sus-
eeptibiitywith respecttu temperature.Theintensitydecaycurvesallow some
assessmenttú be madeof tite magnetiegrain size variationswitbin the speci-
mens.Speciimenswith relativelylargeamountsof specularitearecitaracterized
by unblockingtemperaturespectrawbich arethermallydiscrete. Pigmentary-
haematitedorninatedspecimens,on theotiter itaind haveunblockingtempera-
turespectrawitich arethermallydistributed;titesespecimensaremoresuscep-
tibleto sccondaryremagnetizationálthougitin generaldifferenteomponentsof
magnetizationcanbeeasilyseparatedby vectorialanalysis(seelatesection).

RESULTSANT) TNTERPRETATJON

Four typesof magnetizationhavebeendefinedon tite basisof directional
andintensitychangesduringpartial titermal demagnetization.

Type 1: Comprisinga singlecomponentof magnetizationwith moderate
inclination of +/~2Oo~5OÚSuchcomponentsgénerallyhavetitermallydiscrete
blocking temperaturespectra.Type 1 magnetizationsare interpretedas
TriassicPDRM’s or DRM’s carriedby specuilarite.

Type II: Comprisingtwo componentswith a10w unblockingtemperatu-
re componentsuperimposedon aType 1 magnetization.Titesecondarycom-
ponenthasvariableorientationandmaybe drilling or plugging induced.In
Type JI magnetizationstite break in tite unblocking temperaturespectrais
very sharpandtite two componentsareeasilydistinguisited.

Type III: Magnetizationsconsistingmainly of asteeplyinclined low tem-
peraturecomponentsuperimposedon aweakitighertemperaturecomponent
with sitallower inclination.The inclinationof theprimarycomponentis diffi-
cuJt fo distinguishbecauseof chemical changesat higiter temperaturealt-
houghlis polarity canbe determinedby extrapolatingreliablehightempera-
ture resultéto tite origin (titeoreticalpoint atwliich no magnetizationexists).
In mostcasesiron mineraltransformationoccursbeforecompletedemagne-
tization of tite sample.
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Fig. 7a.—Detrital baematiteasseenin transmittedlight (Sample:C47,Well 22/24b-5ST,Core
Depth1 1882.3ft)
Fig. 7a.—Hematitadetríticaen luz transmitida(Muestrac47, sondeo22/24b-5ST.Profundi-
dad: 11882,3pies>

Fig. 7b.—Detritalhaem-atitewith largeexsolutiondiscsof ilmentita. (Sample:A17,Wc]] 22/ñb-
5, Core deptil: 10398.0U>
Fig. 7b.—Hematitadetríticaen la que seobservandiscos de exoluciónde ilmenita (Muestra
A17, sondeo22/5b5.Profundidad:10398,0pies)
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Hg. 7c—Martitegrain with a typical triangtflar alterafionpatternformed.bythe alterationof
magnetiteormaghemiteto haematite.(Sample:(47, Well 22/24b-ÚST,coreDeptis 1 1882.3ft>
Fig. 7c.—GranodeMarthaconla típicatexturadealteracióntriangulardeformadadurantela
alteracióndeMagnetitao Maghemitaailematita(MuestraC47, sondeo22/24b-SST.1’rofundi-
dad: 118823pies)

Fig. 7d.—Detritajphyllosilicatewhich hasbeenextensivelyreplacedby haematiteprior to final
deposition due to its overalí roandedapperence.(SainpleAS. Well 22/ñb-5 Core deptis
103620ff)
Fig. 7d.—Filosiicatodetríticoreemplazadoextensivamentepor1 lematitaconanterioridadasu
sedimentacióndebido a su forma redondeada(Muestra AS, sondeo22/5b-5. Profundidad:
10362.0pies)
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Fig. 8.—Curvastípicasdedisminucióndela Intensidady delos CambiosdeSusceptibilidad,du-
rantela deslinancióntérmica.

Type IV: Magnetizationconsistingof asingle low unblockingtemperatu-
re component.GenerallyType IV magnetizationshavepositive,verysteepin-
clinationswbich he neartite ambientgeomagneticinclination. Titesearein-
terpretedasviseousremanences.Componentswliich he neartu the vertical
arethougitttu havebeeninfluencedby drilling.

Representativeresultsof tite partial titermál demagnefizationare shown
in FiguresO to 1 Z. Fig. g sitowstypicalType 1 magnetizations.In botit titese
casesover75% of tite original remaneneeremainsafter iteatinglo 5000C and
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Fig. 8.—RepresentativeIntensityDecayCurvesandsusceptibiityvariationsduringthermalde-
magnetization
Fig. 8—Curvastípicasdedisminucióndela Intensidady delosCambiosdeSusceptibilidad,du-
ranteladesimancióntérmica.

titere is no indication of anysignificant10w temperatureeomponent.Aboye
5000 C therearesubstantialehangesin NRM intensityandinitial susceptibí-
lity wbich indicatechemicalchangesduringthe laboratoryheating.In 9atite
positiveincliriation includesnormalpolarity wbilst 9b is of reversedpolarity

Fig. 10 showsatypical Type II magnetization.In this casetitereis amar-
kedunblocking temperatureat 1000 C. Tite direction of the componentre-

400

T.enp.ntur. ft)
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movedis Dee:2840; Inc:±1’? ~. Suchashallowinclinationrelativeto bedding
indicatesthat titis secondarymagnetizationmay itave beeninducedduring
tite pluggingprocess.The hightemperaturecomponentin titis case1 hasDec:
148 ~andmc: ±50~ Tbis componentwbicit rangesto 450 0C is interpreted
as aTriassicnormalmagnetization.

A Type III magnetizationis illustratedin Fig. 11. In this casetite secon-
darycomponentsdominatetite NRM but titereis asignificantamonntof pri-
mary remanenceleft witieit, althougit difficult tu define preciselycan gene-
rally be usedto determinetite polarity of tite primarymagnetization.

Type IV magnetizationsare citaracterizedby unblocldng temperature
spectrain which over80% of tite remanenceis lostby heatingtu 200 0C. Fig.
12 showsa typical Type LV magnetizationit witich tite NRM is dominated
by a singlesteepnormalcomponent.Suchcomponentsareconsideredtu re-
sidein thepigmentaryhaematiteandhe closeto tite localgeomagnetiemcli-
nation.They aretausinterprctedto be viscousin origin.

Types1,11 andIII itavebeenutiizedto generatetite Triassicmagnetiere-
versalstratigrapitiesfor the cores.No attempthasbeenmadeto useType TV
magnetizationsin tite magnetostratigrapitieanahysis.

O. flecO: 80> Indo +24> 270. tJp E12

SAMPLS: C12 350

N

1.0

fo

Fig. 9a.—Representativesampleof Type 1 magnetization(C 12 at 1 15922ff from Wdll 22/24h
5 ST)
Fig. 9a.-—Típicamuestraenla queseobservaunamagnetizacióndc Tipol (C12 al 1592,2pies.
Sondeo22/24b-53T>

It:

7 4 6 8
<100 0
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Ocelo ISP f,d: —31’

SA4pLE: AAZ

2>0. UP 442

360

Fig. 9b—Representativesajupleof Type 1 magnetization(A42 at 107577ft fromWell 22/5b-5>
Fig. 9W—Típicamuestraenla queseobservaunamagnetizacióndeTipo 1 <A42 a10757,7pies.
Sondeo22/5b-5)

MAGNETOSTBA.TIGRAPHY

Directional componentsextraetedby principal componcntanalysis of
Type 1 andType II magnetizationsin conjunetionwitit polarity determina-
tions from Type III magnetizationswere usedtu generatea magnetostrati-
graphyfor eachwell. Tite magneto-polaritiesareconventionallyshownwith
normalpolarity zonesin blackandreversepolarity zonesas whitesegments.
Single samplelocationswhicit showoppositepolarityaremarkedas half seg-
mentson tite magnetopolaritycolumn (Figure 13).

We]] 22/5b-5sbowsa wel] definedmagnetostratigraphybasedmainlyon
Type 1 andII magnetizations.Fourzonesof normalpolarity andfour zones
of reversedpolarity itave beendefined.The magnetostratigrapityfor Weil
22/5b-5 can be consideredwdll constrainedbecausetite samplesproduced
consistentType 1 andType II magnetizationresults.This is dueto tite natu-
re of tite sampledlititologies witich are generaliyred aud fine grainedand
containprimarymagnetieminerais.

Well 22/19-lis dominatedby normal polarity magnetizationsbut titere

‘.0

ztoo e
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areanuntherof apparentlyshort-livedreversals.Tite magnetostratigrapity
interpretedfor the coredintervalof titis well is iessreliablethanwell 22/5b-
5 dueto remagnetizationsobservedin thesamplesfrom tite middlesectionof
tite coredinterval. However,Triassiehclinationsextractedffl theuppermost
and lowermostsectionsof tite corearewell constrained.

Four zonesof normalandfour zonesof reversedpolarityare aLo obser-
ved in WelI 22/24b5ST. NRM resultsfor Well 22/24b-5STsuggestthatthe
majorityof samplesfrom Ihis well itavesufferedremagnetizationsof recentor
Tertiary age. TI-fis hasbeensupportedby tite generallypoor,quality of tite
demagnetizationdataand resultingunreliabiity of the interpretedmagne-
tostratigraphy.Titepoor quality of tite datamaybe a resultof reductionof
primaryhaematiteto magnetite,and remagnetizationin tite ambientmag-
netie field, during the residenceof a pataco-oil column. Tite oil staining
foundthrough tite majority of tite coredinterval is evidencefor thistiteory.
Theabundanceof tite moreinsolubletitaniumoxideswould suggestoil cm-
placementhas resultedit tite dissolutionof terneoxidescarryingpnimary
remanence.

Well 22/24b-7displaysa predominantlynormal po]arity magnetizafion

Occio ,sr Iui,f: +1V
2. Dccl: oir fuel: +sr 270, hp +60

SAMPLE: +60

Fig. lO—Representativesampleof Type II magnetization(AGO at 10869.4 ft fi’om WeIl
22/ñb-5>
Fig. 10—Típicamuestraenla queseobservatina magnetizacióndeTipo JJ (AOO a 10869,4
pies.Sondeo22/5b-5

2 4 E E ±0
±100 e
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Fig. 11 —Representative
22/24b-9)
Fig. 11 —Típica muestra
pies.Sondeo22/24b-9>

sampleof Type III magnelization(E24 at 12043.2 U from Well

enla queseobservaunamagnetizaciónde Tipollí (E24 a 12043,2

comprisingof two tltck normalzonesandone thin reversedpolarity zone.
Titenormalpolarityeventsarecharacterizedby Type1 andII magnetizations
wbile tite reversedpolarity eventis definedby lessreliableType III magneti-
zations.

Tite coredinterval in Wdll 22/24b-9is similar fo that of Well 22/24b-’7
with two zonesof normalpolarity andonezoneof reversedpolarity.

In generaltermsthe magnetostratigrapityof tite cored intervals can be
saidto be of mixedpolarity. Tite chronboundariesarereasonablywell defí-
ried but becauseof tite remagnetizationin drabeolouredunitsandtitosedo-
minatedby pigmentaryitaematitesomeof tite tbicker normalpolarityevents
mustbe consideredto havelessreliability.

COMPARISONOF DEPOSITIONAL SEQUENCECORRELATION
AND MAGNETOSTRATIGRAPHY RESULTS

Figure 13 illustrateshow the depositionalsequenceswithin the study
wells comparewitb tite magnetostratigrapitiesof tite cored intervaiswithin

SANPLS: ECl

1.0



140 P. Turner,M. L. Heywood,D.f Bird anáR ChaMier

1. fice’> 4~ I,c~, 44A

SAMPLE 826

270, Ip 828

360

Fig. 12—Representativesarnpleof TypeIV magnetization(B28 at 11613.0It from Well 22/19-1)
Hg. 12—Típicamuestraen la queseobservaunamagnetizaciónde Tipo IV (B28 a 11613,0
pies.Sondeo22/19-1>

eacit of tite wells. Tite main observationstu be drawn from tite comparison
areas follows:

* In Well 22/24b-5STtite boundarybetweenTR2 andTR3 is accompa-

nied by two, sitort period reversedpolarity zones (sub-clirons):oneon tite
boundaryarid emejustbelowtite boundary.

* In WeB 22/24b-7a sitortperiodreversedzoneoccursatasimilarposi-
donbeneatittite boundarypick as in Well 22/24b-5ST, alititough no rever-
sal itas beenpickednp on tite boundaryitself

* Titin reversedzones are presentjust aboye fiTie TR2/3 boundaryin
Wells 22/5b-5and22/19-1.A reversallii SuibsequenceTR3afrom 22/19-1
correlateswith onein tite TR3 a interval from 22/24b-5ST.

Tite magnetostratigrapityof tite cored interval in \Vcll 22/24b-9differs
from titat encounteredin tite two ncarestWells (22/24b-55Tand22/24b-7).
Tite magnetuzonationof tite coredinterval from 22/24b-9doesnot correla-
te, itowever, with tite zonesfrom tlíe loxver cored sectionin 22/5b-5,whicit
werc originally intcrpretedto be from astratigraphicallyequivalentseebon
(SubsequenceTR2b).

1.0
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No>
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22/19-1 6>,»

Fig. 13.-—MagnetostratigraphycorrelationusingGAPS stratigraphicsutidiviseon.
Fig. í :3.—Correlaciónmagnetoestratigráficautilizandola subdivisiónestratigráficadeGAPS.

DISCUSSION

Fromtite aboyethe following pointscanbe made:
1. The hypothesisthatTR2/TR3 bonndaryis of citronostratigraplúcal

significanceis, in pad,supportedby the magnetostratigrapitiecorrelationof
Wells 22/24b-5STand22/24b-7.

2. Similar sitortperioddoublereversalzonessimilarto thatfound in as-
sociationwith tite TR2/3 bonndaryin 22/24b-55Tarealso found in cores
from 22/5b-5aííd 22/191.l{owever, in botit titesewells tite reversaisoceur
aboyetite interpretedTR2/3 boundary.Two possibleexplanationsfor titis
canbe offered:

a) titeboundary«lakemarginfloodingsurface»betweenTR2 andTR3is
older in wel]s 22/19-1 arid 22/5b-5titan in 22/24b-5ST~md22/24b-7

or b) tite interpretedTR2/3boundaryin wells 22/19-1and22/5b-5,and
titerefore tite oyerandepositionalseqjuencesubdivision, is not compatible
with that interpretedfor 22/24b-5STand22/24b-7.

3. Tite apparentilyoldernatureof tite TR2/3boundaryolfered in Scena-
rio 2a ahoyeis inconsistentwith tite regionaldepositionalmodelwhich pre-
dicts titeprogressiveretreatof Ihe aJluviai systemawayfrom titebasincentre
(i.e. nortit/northeastwardsthrough Quadrant22) during depositionalse-
quenceretrogradation/relativebaselevel rise.TitepossibiitythattiteTR2/3

22/24b-SST

22/Sb-5
22124b-7

TR3a

22/=4b-9

— ~:ta1:ym REVERSEO ~

VERTICAL SCALE 115±0

mí
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22/24fr5ST

Fig. 14.—MagnetostratigraphycorrelationusingrevisedGAPSstratigraphicsubdívms¡on.
F¡g. 14.—CorrelaciónmagnetoestratigráficautilizandolasubdivisiónestratigráficadeGAPSre-
visada.

depositionalsequencesdefinedin both22/Sb-5and22/19-1 aredifferenttu
titosein 22/24b-5STand22/24b-7musttitereforebe considered.Titis ex-
planationis further supportedby thefact thatthe TR2b magxxetozonations
from Wells 22/5b-5and22/24b-9sitow little similarity (seeFigure 13).

It tite aboyeistrue,titen ant alternatiyecorrelationtetite faciesbasedsehe-
me mustbe sougitt. In tliis respect,tite mostlogical correlationis tú matetite
TR2/3boundaryin 22/19-1arid 22/51>5equivalenttetiteTRI/2 boundaryin
Wells 22/24b5ST,22/24b-7and 22/24b-9(seeFigure 14). In titis seenario,
magnetostratigrapitiesir 22/19-1ir particularsitouldequatewitit titosefornid
from tite cored interval takenfrom ubsequenceTR2a in well 22/24b-9 (tite
stratigrapiticsubdivisionof tít well appearstu bewell constrainedby wireline
log correlationwitit nearbywells22/24b-5ST and22/24b-’7).

4. Inspectionof Figure 14 revealsgoodcorrelationbetweentite magneto-
zonationsin 22/19-1 and22/24b-9attite TR2a level. Reversedmagnetozo-
nescorrelateas do two italf block reversalsdeterminedby single samplelo-
cationsbeneatit.It can titerefore be arguedthat tite original subdivisionof
Wc]] 22/19-1was miscorrelatedby a factorof onemajordepositionalsequen-
ce andindeedtite wireline log datado not eontradicttitis interpretation.In ad-

2>.ThA
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Fig. 16.—Magnetostratigraphicallyconstrainedlateral faciesrelationshiphetweenWells22/19-
1 mvi 22124b-9for subsequencesTR2a. (NB: TR2asubdivisionfor Well 22/19-lis basedon
revisedwell stratigraphy.)
Fig. 16.—Relaciónlateraldefaciesentrelos soixócos22/19-1y 22/24h-9paralassuhsecueiscrss
TR2a, acotadamagnetoestratigraficamente.(Nota:la subdivisióndelsondeo22/19-1sebasaen
unaestratigrafíarevisadadedichosondeo).
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dition, giventite good correlationbetweentite magnetustratigrapitiesof Well
22/19-1andtite uppercoredinterval of Well 22/5b-5,it is alsoproposedthat
thesequencesubdivisionof tite latterwell be adiustedin tite sameway.

5. Using tite correlationproposedaboye(i.e. with revisedstratigraphies
for Wells 22/5b-5and 22/19-1),acompositemagnetostratigrapitycanbede-
rived for tite TRI, TR2 and TR3 sequences,Figure 14) Tite rapid reversal
stratigrapby observed in tite composite magnetostratigrapitybr tite
TR2a/2bsectionin ffiis studydoescomparewell with tite publisitedGPTS
for tite Anisianto Ladiansection(Molina-Garzaet al., 1994)

JM!>IÁGATIONS OF TI-lE MAGNETOSTRATICRAPHIC REsurís RI>R SEDJMENTOLOOY AM)

RESERVOIHAaci JITECTURE

By integratingtite sedimentologicalinterpretations,tite sequencestrati-
graphyandtite magnetostratigrapitieresultéit ispossibleto modeltite lateral
andverticalvariation in facies (particularlyreservoirheterogeneityandsand
body interconnectivity>atarelativelylocal scale.Althougit titis exerciseis ji-
mited in its cxtentwititin tite contextof titis study, it neverthelessillustrates
itowthetecitniquecanbeusedto improvedefinitionof reservoirarchitecture
andtitus itas importantimplicationsfor potentialTriassicfield appraisaland
developmentstrategiesin tite CentralNorth Seaprovrnce.

Giventite limitations of the datasetusedin thisstudy,two differentwell-
to-well correlationshavebeenusedtt) demonstratetite potentialof tite tech-
nique:

a) WelJs22/24b-SSTand22/24b-7 for SubsequenceTR2c (up to tite
TR2/3boundary><Figure 15)

andb) Wells 22/19-1and22/Mb-Yfor SubsequenceTR2b (Figure 16).
(N.B. This correlation assumestite revised stratigraplv¡ic subdivision of
22/19-1;seeFigure 14).

Forbotit correlationstite environnientalfaciesinterpretationhasbeendcfl-
vedfrom tite coresedimentúlogypreviouslyinterpretedforeachwell. Tite final
correlationandfacies/reservoirarchitecturepresentedis aswell constrainedas
possibleby wireline log correlationand magnefostratigrapiteresulté.

Bothcorrelationsillustrateitow considerableverticalandlateralvariation
in faciescan bemodc]ledoverrelativelysitort distanceswititin tite magnetos-
tratigraphicaillyconstrainedsubsequences.Of particularnoteis tite way titat
braidedchannelsanditodiestendto be laterally constrainedwitbin tite see-
tion. Titis obviously itas importantimplications for both mappingandpre-
dictingtite distributionof citannelfairwayswitich frompreviousinvestigation
havebeenproventu be of bestreservoirpotential. Sheetfloodingeventsin
contrastare generallyrevealedto be laterally persistentaltitough in certain
sectionstite eorrelationssitow howtitey canbe interpretedas laterallyequi-
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valent«overbank»faciesto bráidedchannels.Tite lattcrpoint is importantas
tite lateralvariation in time-equiválentfacieswitile determinetite precisein-
ternal arcititectureof apotentialreservoirinterval. In tIÉsrespecttite abiity
to placemagnetostratigraphicisochronstitrougit tite sedimentarysection is
crucial.

Tite lateral persistenceandehronostratigraphicsignificanceof mudstone
horizonswithin any sequence/subsequencecan also be investigatedin this
way enáblingtite testing of tite depositionalsequencemodel.The association
of a reversaleventwith a correlatablemudstúnein SubsequenceTR2a in
wells 22/19-1 (11550fí) and 22/24b-g(12137 fí) illustratesthis pointwell,
giving extraconfidenceto tite depositionalsequencemodelas well as revea-
Iirtg the lateralpersistenceof themudstone(atleastatthelocalseale)- In con-
trast, tite comparisonof tite palaeomagneticsignatureof themudstoneused
to pick tite TR2b/2cboundaryin wells 22/24b-5STand22/24b-7reveáisa
distinetivediscrepancyin polarities,witit a reversaleventin tite mudstonein
22/24b-55Tequatingwith a reversalevent in a citannel sand below tite
mudstonein 22/24b-7.Sorneminor diaclíroneityof tite mudstoneattite lo-
cal seaheis titereforeindicatedin titis case.

Otiter informationwhicit maybe gleanedfrom tite magnefostratigraphic
tecitniqueinclude detalis on sedimentationrates,altitougit in this studytite
correlationssuggestrelatively uniform titicknessesfor eacit depositionalse-
quence/subsequencein eacit of the study wells. Nonetitelesstite tccitnique
mayprovide extremelyuseful informationin areasof variablesaltwithdra-
wal andpoddevelopmentwiteretherecanbemarkedlateraltiticknessvaria-
tion of tite preservedsedimentovera given time interval.

CONCLUSIONS

Tite main conclusionstú arisefrom titis study of tite Triassicin tite Cen-
tral Grabenof tite Nortit Seaare:

* ~~is possibleto recognizepalaeomagneticreversailsandconstructmag-
netostratigrapitiesfor áll tite cored intervaisfrom tite five wells.

* Using the magnetostratigrapitiesgeneratedfor eacitweLl, it is possible
fo test, constrainandrefinepreviouslyestablisitedstratigrapiticsehemesand
correlations,tite approacitis particularlyusefulin tite Triassicin theCentral
Nortli Seawherepoor biostratigraphiccontrol limité tite confidenceof tite
originalstratigrapity.

* A basis for a referencemagnefostratigrapityfor part of tite Triassic
usingperiodsof normalandreversedpolarity hasbeenconstructed.

* On alocal scáie,it is possibleto applytite magnetostratigrapltesalong
with tite faciesbasedstratigraphicsehemeto furtiter facilitate Triassiefield
appraisalanddevelopment.
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